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A microwave (MW) treatment combined with miniaturized solid phase extraction (mini-SPE) was developed to
extract some pesticides from foods, followed by analysis using ultrahigh performance liquid chromatography
coupled with quadrupole time-of-ﬂight mass spectrometry. The extraction was carried out by functional carbons
which were made from agriculture waste, i.e. stigma maydis. The optimal experimental conditions were determined as: the impregnation ratio of stigma maydis/concentrated hydrochloric acid 5:1, MW time 30 min, and
MW temperature 150 ℃. The limits of detection and quantiﬁcation were in the ranges of 0.04−0.17 ng mL−1
and 0.13−0.55 ng mL-1 for ﬁve organophosphorus pesticides, respectively. The accuracy of the mini-SPE method
was studied by assessing the recoveries in three samples, yielding values 80.30–113.25 %. The proposed method
was rapid, eﬃcient and environmentally friendly. The method was successfully applied to the extraction of
triazophos, phosalone, profenofos, malathion and quinalphos in cucumbers, dendrobium oﬃcinale and tomatoes.

1. Introduction
Environmental pollution has raised public concerns over the last few
years, especially the wasteful consumption of energy resources, which
has inﬂuences on politics, economy, and technology all over the world
(Enteria et al., 2008). Meanwhile, the rapid industrialization has
brought an unending production of agricultural wastes, which exacerbated the environmental pollution (Jegatheesan et al., 2009).
Therefore, taking advantage of waste agricultural materials as an alternative energy resource is put forward as a feasible solution to reduce
environmental pollution and improve the economy. Various forms of
waste agricultural materials are available including residual stalks,
straw, weed, leaves, roots, husk and so on. Additionally, there is almost
no cost to obtain biomass wastes, which vastly reduce the production
cost. (Asim et al., 2015). There are reports about functional carbon
produced from various types of biomass. For example, Ai and his
coworkers successfully prepared the activated carbon by mixed ZnCl2KCl molten salt pyrolysis method from rice stalk (Ai et al., 2013). Lignocellulosic wastes like banana empty fruit bunch and delonix regia
fruit pod were also used for producing activated carbon (Sugumaran
et al., 2012). Additionally, certain agricultural wastes could be applied
to manufacture concrete, like rice husks, oil palm shell, tobacco waste,
and coconut shell (Shaﬁgh et al., 2014). The economy and feasibility
were conﬁrmed for the reuse of multiple agricultural wastes.

⁎

Consequently, innovative and simple methods of utilizing agricultural
wastes should be exploited to achieve the aim of environmental
friendliness and resource conservation.
Multiple pesticides were used to eliminate pests or other undesirable organisms. However, the problem about pesticide residual was
unavoidable, which resulted in environmental pollution. Additionally,
the potential bioaccumulation brought the risk of human health.
Aiming at reducing these harms, researchers have been focusing on the
adsorption method due to its simplicity and economy (Gupta and Ali,
2008). Discovering even designing the eﬃcient and low-cost adsorbents
became extremely signiﬁcant. It is known that the traditional adsorbents, such as graphitized carbon black, ethylenediamine-N-propylsilane, C18 and multiwalled carbon nanotube and its derivatives,
have been widely applied for pesticide residues removal (Yu et al.,
2019). Activated carbon has received signiﬁcant attention due to the
obvious advantage of strong adsorption capacity. Commercial activated
carbon is often expensive. Additionally, the traditional preparation
process of the activated carbon materials was complicated, and usually
carried out with complex carbonization and activation steps in high
temperature conditions (Ioannidou and Zabaniotou, 2007). Therefore,
it is necessary to develop a novel, fast, low-cost, economical and ecofriendly method of preparing activated carbon from low-cost raw materials.
Organophosphorus pesticides (OPPs) are a unique class of broad-

Corresponding authors.
E-mail addresses: huizheng@hznu.edu.cn (H. Zheng), caoj@hznu.edu.cn (J. Cao).

https://doi.org/10.1016/j.indcrop.2020.112832
Received 5 November 2019; Received in revised form 21 July 2020; Accepted 23 July 2020
0926-6690/ © 2020 Elsevier B.V. All rights reserved.

Industrial Crops & Products 155 (2020) 112832

X. Dong, et al.

triazophos, malathion, phosalone and profenofos, all of analytical
grade, were purchased from Braunwell Technology Co., Ltd. (Shanghai,
China), and all were over 98 % in purity. The cucumbers, D. oﬃcinale
and tomatoes were obtained from the local supermarket in Hangzhou,
China.

spectrum insecticides with the general structure O = P(OR)3. They are
commonly used as insecticides in prevention of a wide range of crop
diseases. However, OPPs exhibit a toxicity that can lead to severe risks
to water resources, food supplies and ecosystem, and thus cause damage to human health, to children in particular (Anderson et al., 2016).
For example, the human oral lethal dose for triazophos is 0.006 mg/kg.
In addition, some members of neurotoxic OPPs are able to control the
activity of enzyme acetylcholinesterase (AChE), upregulate the neurotransmitter ACh, and irreversibly, giving rise to the dysfunction of
central nervous system and causing diseases like serious language disorder, respiratory paralysis and even death. Reported methods to extract OPPs include liquid-solid extraction, ultrasonic extraction and
solid phase extraction (Sulaiman et al., 2019). Owing to the acute
toxicity of the OPPs, there is an urgent need to develop highly sensitive,
rapid, portable and reliable methods for the removal of residual OPPs
from environmental samples and crops.
Zea mays L. (corn or maize), belonging to the family of Gramineae,
was reported to have yields over one billion tons worldwide in 2017.
Corn kernels are usually consumed as conducive energy supplement to
human; whilst other parts of corns, such as stigma maydis (corn
stigma), stalk, bran, bract and cob are generally burnt together as fuel,
or thrown away directly, which is harmful and wasteful. It is necessary
to make a rational use of corn stigma. On the one hand, stigma maydis
as one of crop wastes, the style and stigma of Zea mays L., consists of
numerous complex chemical constituents including ﬂavonoids, terpenoids, alkaloids, polysaccharides, saponins, organic acids and so on.
Various biological activities for corn stigma were reported such as antioxidants eﬀect of ﬂavonoids and phenolic acids, anti-hyperlipidemic
eﬀect of ﬂavonoids, anti-diabetic eﬀects of polysaccharides, anti-inﬂammatory activity, neuroprotective and nephrotoxicity reduction effect (Hasanudin et al., 2012; Chaiittianan et al., 2016). Thus, stigma
maydis was used as a traditional medicine in a wide range of the world
for example in China, United States, France and Turkey (Hasanudin
et al., 2012). Apart from its medicinal value, stigma maydis is considered to be used as alternatives to traditional adsorbent marterials
based on biosorption according to recent report (Mbarki et al., 2018).
Regarding the functionalization of stigma maydis to obtain the adsorbent for OPPs, stigma maydis is a brand-new candidate.
In this work, the functional carbons obtained from stigma maydis by
microwave assisted chemical activation were used to adsorb OPPs from
crops samples. OPPs are commonly found in agricultural products and
the target OPPs were triazophos, phosalone, profenofos, malathion and
quinalphos. An approach integrated MW treatment and the miniaturized solid phase extraction (mini-SPE) was developed. The chemical
activation procedure is simple and rapid, and time and energy were
saved. Additionally, obtained adsorbent was eﬀective and the extraction eﬃciency was extremely enhanced. Therefore, the functional carbons-based mini-SPE combined with ultrahigh performance liquid
chromatography coupled with quadrupole time-of-ﬂight mass spectrometry (UHPLC-Q-TOF/MS) was applied to extraction and analysis of
OPPs in cucumbers, dendrobium oﬃcinale (D. oﬃcinale) and tomatoes.

2.2. Apparatus
The UHPLC-Q-TOF/MS system composed of an Agilent 1290 UHPLC
(Agilent Technologies, Santa Clara, CA, USA) and an Agilent 6590 MS
which outﬁtted with a chemical ionization source. The MS parameters
were set as follows: nebulizer voltage of 35 psig, capillary voltage of
3500 V, drying gas ﬂow at 12 L/min, and the radio frequency pressure
was 65 V. The gas temperature was 350 ℃ and the fragmentation
pressure was 175 V.
For the UHPLC-Q-TOF/MS, each target analyte was monitored in
the positive ion monitoring mode in accordance with its retention time.
An Agilent 1290 UHPLC system was applied and equipped with a
ZORBAX Eclipse Plus C18 column (50 mm × 2.1 mm, 1.8 μm, Agilent).
Formic acid at 0.1 % in water and methanol were taken as the mobile
phase A and B, respectively. Correspondingly, the elution gradient was
as follows: 0–1 min, 30 %–40 % B; 1−3 min, 40 %–60 % B; 3−7 min,
60 %–100 % B; 7−8 min, 100 %–100 % B; 8−9 min, 100 %–30 % B
and 5 min was needed for re-equilibration before injection of next
sample. The injection volume was 2 μL. The injection of sample solution
into the system was performed by thermostatically controlled autosampler. The total run time was 9.0 min. The data were treated by Mass
Hunter software (Qualitative Analysis B.05.00).
A microwave synthesizer from American Peien Technology Co., Ltd.
(Beijing, China) was used for the preparation of adsorbent, and a miniSPE equipment used to extract the samples was purchased from
Shengong Biological Engineering Co., Ltd. (Shanghai, China). The SPE
cartridge was shaped like a needle tube, and had a sieve plate of
polypropylene material on the upper and lower sides ﬁlled with synthetic adsorbent in the middle. When ﬁlling the adsorbent, the cartridge
height should be kept consistently to avoid errors. The cartridge was
connected to the mini-SPE, then to a water pump (EYELA A-1000S),
which was applied to pressurize the mini-SPE equipment and obtained
from Shanghai Ailang Instrument Co., Ltd. (Shanghai, China).
2.3. Sample preparation
To evaluate the accuracy and feasibility of the mini-SPE method, the
cucumber, D. oﬃcinale and tomato samples were tested respectively.
Firstly, cucumber, tomato or D. oﬃcinale samples were homogenized in
a juicer respectively. Then 2.0 g homogenate samples were weighed
into a 10 mL centrifuge tube A, followed by adding 1 mL of acetonitrile
and 3 mL of methanol. After ultrasonic extraction for 0.5 h, the extract
solution was transferred to a 10 mL centrifuge tube B. Next, the solutions were additionally ultrasonicated with 4 mL pure water for 10 min,
and then the extracting solutions were together transferred to centrifuge tube B, and adding with pure water till 10 mL. The tube B was
posteriorly centrifuged for 13 min at 4192.5 g by TDZ5-WS table-top
low speed centrifuge. After centrifugation, the supernatant was ﬁltrated
by a 0.22 μm nylon ﬁlter and the ﬁltrate was ﬁnally collected into another centrifuge tube, ready for the mini-SPE procedure.

2. Experimental
2.1. Reagents and materials
Potassium hydroxide was purchased from Sinopharm Group
Chemical Reagent Co., Ltd. (Hangzhou, China). Concentrated sulphuric
acid and concentrated hydrochloric acid were of analytical grade from
Huadong Pharmaceutical Co., Ltd. (Hangzhou, China). Sodium bicarbonate was acquired from Alfa Aesar Chemical Co., Ltd. (Hangzhou,
China) and it was of analytical grade. Methanol, acetonitrile and formic
acid were of chromatographic grades from Tedia Company, Inc. (Ohio,
USA). Ethanol absolute was purchased from Hangzhou Chemical
Reagent Co., Ltd. (Hangzhou, China). The pure water was supplied by
Hangzhou Wahaha Group Co., Ltd. (Hangzhou, China). Quinalphos,

2.4. Preparation of functional carbons
2.4.1. Sample handling and drying
The dried stigma maydis was from Bozhou, located in the Anhui
province. Firstly, the dried stigma maydis were soaked in pure water for
2 h and dried at 60 ℃ in an oven till constant weight, followed by highspeed pulverization and sieving to gain the uniform particle size distribution (0.45 mm) and bagged for the following steps.
2
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triazophos, phosalone, profenofos, malathion and quinalphos). A BoxBehnken Design (BBD) project with three variables on three levels was
applied, including 17 experiments with 5 replicates at the central
points. BBD was established as shown in Table 1. Independent variables
applied in experimental design consisted of three inﬂuencing factors,
such as the concentration of concentrated hydrochloric acid (A:
9:1−1:1), the MW time (B: 5.0–55.0 min) and MW temperature (C:
130–170 ℃); while the extraction eﬃciencies of ﬁve investigating
compounds were used as dependent variables (Y). In order to normalize
all factors, the coded values of practical independent variables were
ﬁxed at 3 levels (−1, 0, 1). All experiments were repeated three times,
carried out in the light of the MW-assisted-mini-SPE procedure as
mentioned above. Data of mean values determined by UHPLC-Q-TOF/
MS analysis were subjected to multiple linear regression analysis via a
quadratic polynomial model. The model was illustrated by the following quadratic equation:

2.4.2. One-step microwave assisted chemical activation process
The carbonization and activation were achieved simultaneously in
microwave heating process. Thus, this developed method was deﬁned
as one-step microwave assisted chemical activation. A detailed procedure was as following: 250.0 mg stigma maydis samples were accurately weighed into a 10 mL MW tube, blended with certain amount of
the chemical activating agent. Concentrated sulfuric acid, concentrated
hydrochloric acid, potassium hydroxide and sodium bicarbonate were
assessed as chemical activating agents and the chemical impregnation
ratio was deﬁned with the following equation: chemical impregnation
ratio = Wcorn stigma/Wactivating agent, which Wcorn stigma and Wactivating
agent is the weight of corn stigma (g) and activating agent (g). The
diﬀerent chemical impregnation ratios were adjusted from 2:1 to 20:1.
Then pure water was added until total volume of 5.0 mL. The magnetic
stir bar was added to the microwave tube, and the tube was then subjected to CEM MW synthesizer (MW temperature 150 ℃, MW power
200 W) treatment for 30 min. The microwaved mixtures were vacuum
ﬁltered and excess activator was removed by water washing until the
pH of activated carbon was about 7.0. At last, the functional carbons
were dried at 110 ℃ for 10 h in a drying oven and weighed to determine
the production yield. The carbon yield was obtained according to the
equation: Yield = Wf/Wi•100 %, where Wf and Wi (g) are the weights of
activated carbon and dried corn stigma, respectively. The functional
carbons were ground to uniform powder and transferred into a closed
5.0 mL centrifuge tube for further analyses.

Y = β0 + β1A + β2B + β3C + β11A2 + β22B2 + β33C2 + β12AB +
β23BC + β13AC
where Y represents the response function and A, B and C are independent variables during MW process. And β0 is the intercept constant; β1, β2 and β3 are the linear regression coeﬃcients of the model,
β11, β22 and β33 are quadratic coeﬃcients and β12, β23 and β13 are
coeﬃcients for cross-product terms.
3. Results and discussion

2.5. Characterization the functional carbons

3.1. The characterization of functionalized carbon

The surface morphology of the raw corn stigma and corn stigma
microwaved with concentrated hydrochloric acid were determined by a
scanning electron microscope (SEM) (HT7700, Hitachi, Tokyo, Japan)
with a Supra55 microscope (Zeiss, Oberkochen, Germany) performing
at the acceleration voltage of 3.0 kV. Additionally, the samples of corn
stigma and functional carbon were pre-treated by grinding with potassium bromide, respectively. Then, they were pressed into thin slices
and analyzed by the fourier transform infrared spectrometry (FTIR-100,
Shimadzu) in the scanning range of 4000–400 cm−1. The functional
groups information was obtained from the infrared spectroscopy.

The surface characteristics of the raw corn stigma and functionalized carbon were shown in Fig. 2. An uneven ﬁber structure was observed according to the Fig. 2(a). It was non–porous in the raw material
surface. However, the surface become rough, and the porous structure
was created for corn stigma treated by microwave activation (Fig. 2(b)).
Infra-red spectrogram provided the functional groups information of
raw corn stigma and microwave activated corn stigma. The detailed
information was displayed in the supplementary materials (Fig. S1).
Corn stigma was a lignocellulosic material and characteristic functional
groups of cellulose, hemicellulose and lignin were present in the raw
corn stigma spectrogram (Liu et al., 2010). For example, band at
2944 cm−1 was characteristic of asymmetric CeH stretching of lignin.
The band observed at 1427 cm-1 was corresponding to the CeH in-plane
deformation of lignin. The intensity of these bands was signiﬁcantly
reduced even disappeared after activation. This may be attributed to
the fact that the hydrogen element was removed in the form of volatiles
(H2) during the microwave irradiation (Liu et al., 2010). Similar phenomenon was also observed for the band at 1160 cm−1 of hemicellulose
and cellulose, which was assigned to the CeOeC asymmetrical
stretching. It implied that the oxygen containing functional groups
disappeared in the process of microwave. Overall, the formation of
carbon structure was achieved along with the loss of surface functional
groups of corn stigma after activation. For activated carbon, the absorption band in the range of 1685–1570 cm−1 (1667 and 1518 cm−1)
was observed which were assigned to the aromatic ring vibrations.
Additionally, the peak around 1033 cm−1 (1038 cm−1) in the activated
carbon was attributed to the CeOH bending vibrations (Mbarki et al.,
2019).

2.6. Extraction procedure
The stock standard pesticide solutions of each target analyte
(1000 μg mL−1) were prepared in methanol and stored at 4 °C in a
fridge. The mixed target compounds were diluted to 1 μg mL-1 with pure
water before mini-SPE procedure. Regarding the mini-SPE set, an
amount of 30.0 mg adsorbent, i.e. the functional carbons, was packed in
a 1.0 mL SPE cartridge and ﬁlled with sieve plate. The cartridge was
then activated by 1.0 mL methanol and 1.0 mL pure water subsequently
to remove impurities and create a neat environment. 10 mL of standard
pesticide solutions or the solutions of cucumber, D. oﬃcinale and tomato sample extracts passed through the cartridge containing the sorbent at a speed of 0.5 mL min-1, and the ﬁltrate was discarded. To elute
the target analytes, 100 μL of methanol was added to the cartridge and
the eluant was collected into a 1.5 mL centrifuge tube. The above elution step was repeated once, the solutions were pooled and centrifuged
at 8502 g for 5 min. After centrifugal separation, the supernatant was
transferred into a liquid chromatography vial, and 2 μL of this eluent
was injected into the UHPLC-Q-TOF/MS system. The mini-SPE procedure is shown in Fig. 1.

3.2. The characterization and identiﬁcation of OPPs using Q-TOF/MS
2.7. Experimental design and optimization with response surface
methodology

In this study, ﬁve OPPs in cucumbers, D. oﬃcinale and tomatoes,
were identiﬁed by means of UHPLC-Q-TOF/MS in positive mode, obtaining their fragmentation behaviors and exact structural information.
All target OPPs separated well, showing peaks at retention times of
4.87, 5.58, 5.97, 4.63, 5.11 min for triazophos, phosalone, profenofos,

In this study, response surface methodology (RSM) was used to
evaluate the eﬀ ;ect of MW parameters, so as to obtain the most appropriate adsorbent with best extraction eﬃciency for OPPs (i.e.
3
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Fig. 1. Experimental process of the mini-SPE method.

molecule [M+H]+ at m/z 299.30 and the characteristic fragments
were produced at m/z 283.73, 270.05 and 254.05 in 10 V collision
energy, yielding by the loss of methyl, ethyl and ethyoxyl, respectively
(Fig. 3E).

Table 1
Experimental domain of BBD.
Symbol

A
B
C

Independent variable

Coded levels

Concentration of concentrated hydrochloric acid
(w/w)
MW time (min)
MW temperature (℃)

−1

0

1

1:1

5:1

9:1

5
130

30
150

55
170

3.3. Eﬀect of adsorbent type
The type of adsorbent was a considerable variable in the mini-SPE
process to assess the feasibility of using functionalized natural waste as
sorbents. Thus, the most suitable adsorbent for OPPs extraction was
evaluated. The adsorbents ﬁlling the SPE cartridges were stigma maydis
with varied processing procedure, as microwaved by concentrated
sulfuric acid, concentrated hydrochloric acid, potassium hydroxide and
sodium bicarbonate respectively. The results and experimental conditions are demonstrated in Fig. 4A, for all target compounds, the adsorbents of stigma maydis which microwaved by nothing and no microwaved yielded poor extraction eﬃciency. The necessity of activating
reagents was conﬁrmed for enhancing the extraction eﬀects of material
by the phenomenon. Obviously, microwave by acidic activating agent
gave rise to better extraction eﬃciency than using alkalic activating
agent. It is possible that the activation is too much intense in the microwave heating process on the basis of a series of reduction actions of
KOH (Ahmed and Theydan, 2014) and Na2CO3 (Foo and Hameed,
2012a,b,c) which was obtained by the decomposition of NaHCO3. Thus,
the pore was over broadened and even destroyed, lowering the adsorption of targets. For microwave by acidic activating agents, concentrated hydrochloric acid and sulfuric acid exhibited similar extraction eﬃciency of target analytes. However, concentrated sulfuric acid
was dangerous for use due to its corrosive and water-absorbing properties. As a result, stigma maydis microwaved by concentrated hydrochloric acid was chosen as the most suitable adsorbent in the following

malathion and quinalphos, respectively, and their corresponding fragmentation behaviors are demonstrated in Fig. 3. As shown in Fig. 3A,
triazophos was illustrated protonated molecular ion at m/z 314.07,
with fragmented product ions at m/z 298.72, m/z 284.07, m/z 256.43,
and m/z 236.99 by collision energy of 10 V, assigned as, respectively,
fragments with a loss of methyl, additional loss of methyl, further loss
of double ethyl, and additional loss of ethyoxyl and S from [M+H]+.
Phosalone exhibited an [M + Na]+ ion at m/z 389.98, seen in Fig. 3B.
The product ions depended on collision energy of 15 V, and the signals
were discovered at m/z 375.71, m/z 346.00, and m/z 331.92, which
corresponded to [M + Na-methyl], [M + Na-vinyl alcohol], and
[M + Na-C4H10], respectively. As demonstrated in Fig. 3C, profenofos
showed [M−H]+ at m/z 374.94, and this fragment ion was observed at
m/z 344.91 (loss of double methyl), m/z 330.89 (loss of vinyl alcohol)
and m/z 302.86 (loss of ethyl and propyl) with the collision energy of
10 V. Fig. 3D showed the positive electrospray mass spectrum of malathion generated a sodium ion at m/z 353.03. Fragmentation of the
[M + Na]+ ions of the malathion declared the presence of m/z 338.94,
m/z 322.95 and m/z 308.94 under the conditions of 25 V collision energy and additional losses corresponding to methylene, formaldehyde
and vinyl alcohol. In the case of quinalphos, it displayed the protonated

Fig. 2. SEM images of samples: (a) corn stigma; (b) functionalized carbon.
4
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Fig. 3. (+) Q-TOF MS spectra of the sample solution and their fragmentation pathways: (A) Triazophos, (B) Phosalone, (C) Profenofos, (D) Malathion, and (E)
Quinalphos.

study. The good extraction eﬃciency of concentrated hydrochloric acid
may be due to the demineralisation, which avoided the overmuch ash
and low activated carbon yield resulted from a high inorganic content
of corn stigma (Hasanudin et al., 2012). The partial dissolution of the
inorganic components was realized according to the reaction: M(n)(s) +
HCl(aq) → MCl(n)(aq) + H2(g) (Lin et al., 2012). By this way, the inorganic impurities in the carbon precursor (corn stigma) were changed
to corresponding chlorides and further removed by water washing. Simultaneously, the volatile matter H2 was released which was driven by
the high temperature gradient during the microwave irradiation. Thus,
the carbon structure formed by decomposing the functional groups and
the pores were created at the sites previously occupied by these inorganic substances. The porosity of activated carbon was suitably developed and analytes were fully adsorbed. The detailed mechanism of
the formation of functionalized carbon was displayed in Fig. 5. In addition, student's t test was used to evaluate whether the diﬀerences
among them was signiﬁcant. As can be from Table 2, t values ranged
from 2.565 to 5.584 and P values varied from 0.001 to 0.043 for ﬁve
tested compounds (P < 0.05), conﬁrming that the described diﬀerences were statistically signiﬁcant.

target analytes after elution, and Peak areastandard solution was the peak
area of standard solution (1 μg mL−1). When the impregnation ratio
varied from 20:1 to 2:1, the enrichment factor of triazophos increased
from 53.4 to 63.3 times. Nevertheless the enrichment factor of phosalone, profenofos, malathion and quinalphos decreased slightly as the
impregnation ratio increased from 20:1 to 10:1, but all increased correspondingly when the impregnation ratio increased to 5:1. This phenomenon indicated that if enough concentrated hydrochloric acid took
part in the activation, the stigma maydis would be completely activated, which led to improve the yield of functional carbon and the
extraction eﬃciency of the tested compounds. Then their extraction
eﬃciency decreased slowly as the impregnation ratio was further increased to 2:1, which suggested that the use of excess amount of concentrated hydrochloric acid decomposed the initial material, eliminated
and damaged useful structures and reduced adsorption capacity of the
adsorbent. Taking into account the above results, the concentrated
hydrochloric acid concentration of 5:1 was selected for the following
examinations.

3.4. Eﬀect of the chemical impregnation ratio

The non-contact energy transfer from electromagnetic energy into
thermal energy was achieved from the interior to surface of materials in
a manner of volumetric heating for MW irradiation (Ao et al., 2018).
Compared with conventional heating methods, MW irradiation exhibited an obvious advantage of short activation time. Here, MW radiation time was explored for the optimal activation degree and adsorption uptake. The inﬂuence of MW time were investigated from 10
to 60 min with the impregnation ratio of 5:1 and the MW temperature
of 150 ℃, results showing in Fig. 4C. It was demonstrated that the
enrichment factor of triazophos increased from 49.3 to 60.0 times when
MW time extended from 10 to 30 min and reached maximum. Then the

3.5. Eﬀect of the MW radiation time

As the chemical impregnation ratio of corn stigma: concentrated
hydrochloric acid could inﬂuence the activation process and adsorption
capacity, four impregnation ratios were investigated as functional
carbon : acid (i) 2:1; (ii) 5:1; (iii) 10:1; (iv) 20:1, while all the other
experimental conditions were the same (30 min of MW time, 200 W of
MW power and temperature of 150℃). The eﬀect of the impregnation
ratio is shown in Fig. 4B. Enrichment factors were calculated by the
following equation: enrichment factor = Peak areaelution solvent/Peak
areastandard solution, where Peak areaelution solvent was the peak area of ﬁve
5
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Fig. 4. The optimization of the MW process. MW conditions: 250.0 mg stigma maydis sample, 5.0 mL of distilled water. (A) Eﬀect of the type of adsorbent. Type of
adsorbent: (a) standard solution, (b) stigma maydis without MW, (c) water, (d) concentrated sulfuric acid, (e) concentrated hydrochloric acid, (f) potassium hydroxide, (g) sodium bicarbonate. (B) Eﬀect of concentrated hydrochloric acid concentration. (C) Eﬀect of MW time. (D) Eﬀect of MW temperature. Target compounds: (1) Triazophos, (2) Phosalone, (3) Profenofos, (4) Malathion, and (5) Quinalphos.

Fig. 5. The detailed preparation mechanism of the formation of functionalized carbon.
Table 2
One-Sample Test.
Test Value = 0
t

Triazophos
Phosalone
Profenofos
Malathion
Quinalphos

4.188
5.584
3.459
2.565
4.745

df

6
6
6
6
6

Sig. (2-tailed)

Mean Diﬀerence

0.006
0.001
0.013
0.043
0.003

36577579.13
3348176.28
5073176.98
2692390.60
27924628.01

6

95 % Conﬁdence Interval of the Diﬀerence
Lower

Upper

15207678.65
1880888.69
1484583.83
123837.07
13523500.99

57947479.60
4815463.86
8661770.13
5260944.12
42325755.02
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reliability and acceptability of the established method through statistical analysis and model ﬁtting. Moreover, RSM was used to conﬁrm
considerable inﬂuencing factors such as the concentration of concentrated hydrochloric acid (A, 1:1−9:1 (w/w)), the MW time (B,
5.0–55.0 min) and MW temperature (C, 130–170 ℃). Table 3 summarized the extraction eﬃciencies of triazophos, phosalone, profenofos, malathion and quinalphos from all experiments and the optimization of MW conditions was then presented using diﬀerent variable
combinations in accordance with a quadratic polynomial model. The
enrichment factors of the compounds ranged from times of
33.41–64.16, 22.25–52.53, 25.38–59.21, 34.15–71.33 and 33.41–68.26
for triazophos, phosalone, profenofos, malathion and quinalphos, respectively. Each coeﬃcient in the multiple linear regression model was
evaluated by Design-Expert software (Version 8.0.6), and the ﬁnal
models for ﬁve target analytes were shown as follows:

enrichment factor decreased to 39.7 times when the MW time increased
to 60 min. As seen in Fig. 4C, the enrichment factors of phosalone,
profenofos, malathion and quinalphos all increased from 26.4 to 37.1
times, from 46.1 to 58.4 times, from 56.7 to 73.6 times, and from 42.2
to 56.2 times, respectively, as the MW time extended from 10 to 30 min.
Reasons might be owing to the fact that prolonged MW time facilitated
the distribution of energy, increased the reaction rates and was beneﬁcial to the carbonization and activation process. Thus, the porosity
was enhanced and more available adsorption sites formed. Adsorbates
were fully captured, which enhanced the adsorption capacity of the
functional carbon, resulting in higher extraction eﬃciency (Foo and
Hameed, 2012a,b,c). However, the enrichment factors all decreased
slightly as the duration further increased to 60 min. Maybe, when MW
time reached a certain value, the pores and structures of functional
carbon would be burnt oﬀ ; immoderately by means of the dramatical
temperature rise, which would reduce the available amount of the adsorption site (Foo and Hameed, 2012a,b,c). The adsorption capacity
and extraction eﬃciency of the tested compounds were weaken. Consequently, the MW time of 30 min was chosen for the following experiments.

Triazophos = + 59.13 + 2.51*A − 0.19*B - 4.83*C + 3.58*A*B +
3.18*A*C − 0.31*B*C − 6.21*A2 - 5.70*B2 − 8.94*C2
Phosalone = − 48.41 + 3.43*A − 1.74*B - 2.79*C + 3.01*A*B +
4.67*A*C − 2.10*B*C − 3.62*A2 − 8.25*B2 − 10.53*C2
Profenofos = + 54.86 + 3.07*A − 1.88*B - 5.40*C + 1.47*A*B +
5.21*A*C − 2.83*B*C − 3.72*A2 − 5.91*B2 − 12.25*C2

3.6. Eﬀect of the MW temperature

Malathion = + 67.33 + 0.47*A + 2.82*B - 1.96*C + 7.54*A*B +
5.82*A*C − 3.00*B*C − 8.49*A2 − 7.05*B2 − 13.06*C2

In respect to MW temperature, another important factor inﬂuencing
structure and stability of adsorbent, 90–170 ℃ were tested for the activation of stigma maydis, and the results are submitted in Fig. 4D. It
was indicated that when heating up MW temperature from 90 to 150 ℃,
an apparent enhancement of enrichment factor of all targets were observed, i.e. triazophos, phosalone, profenofos, malathion and quinalphos from 38.6 to 62.5 times, 26.1 to 30.9 times, 32.9 to 50.2 times,
19.0 to 62.9 times and 36.5 to 50.8 times, respectively. The increase of
extraction yield could be attributed to the sustaining internal and volumetric heating was beneﬁcial to the expansion of carbon structure.
However, an obvious drop was noted as the temperature further increased to 170 ℃. A possible reason was that the increase beyond 150
℃ degraded the adsorbent structure or even led to a burn-oﬀ and collapse of functional carbon sample. So the optimal MW heating temperature was 150 ℃ for this work.

Quinalphos = + 60.76 + 2.15*A − 1.08*B − 2.15*C + 3.03*A*B +
5.39*A*C − 3.56*B*C − 6.69*A2 − 7.34*B2 − 10.78*C2
Suitability and evaluation of the regression model were also analyzed by means of the analysis of variance (ANOVA) test. Related results of calculated statistical parameters are shown in Table 4. The pvalues were applied to assess the signiﬁcance of diﬀerences between
variables in statistics, so as to understand the mode of the mutual interactions. And if the p-values was less than 0.05, the mathematical
models were considered to be signiﬁcant vice versa. The p-values of
model for ﬁve target analytes were calculated to be much lower than
0.021, demonstrating that the regression models and respective terms
were of great signiﬁcance. In addition, the non-signiﬁcant lack-of-ﬁt
values were higher than 0.05, revealing that the models were in line
with good prediction. The coeﬃcients of multiple determination (R2)
ranged from 0.7001 to 0.9239 and adjusted coeﬃcients of multiple
determination (Adjusted R2) varied from 0.3400 to 0.9273 for ﬁve
tested compounds, conﬁrming that the model was highly consistent
with the experimental data. Hence, the reliability and accuracy of

3.7. Optimization of mini-SPE conditions through BBD and RSM
3.7.1. Model ﬁtting
A BBD project designed for MW assisted with SPE experiments was
carried out to predict optimum experimental conditions and to evaluate

Table 3
The experimental results for Box-Behnken Design: Concentration of concentrated hydrochloric acid (A), MW time (B) and MW temperature (C).
Run

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Factors

Responses (enrichment factors)

A

B (min)

C (℃)

Triazophos

Phosalone

Profenofos

Malathion

Quinalphos

1.00
5.00
5.00
5.00
5.00
9.00
1.00
1.00
5.00
5.00
5.00
1.00
9.00
5.00
5.00
9.00
9.00

55.00
30.00
5.00
55.00
5.00
30.00
30.00
30.00
30.00
55.00
30.00
5.00
55.00
30.00
30.00
30.00
5.00

150.00
150.00
170.00
130.00
130.00
130.00
130.00
170.00
150.00
170.00
150.00
150.00
150.00
150.00
150.00
170.00
150.00

40.44
57.82
39.33
50.27
48.66
48.21
49.15
33.41
53.08
39.72
64.16
49.37
52.25
62.59
58.00
45.17
46.85

28.31
49.64
29.4
34.06
32.82
35.00
37.08
24.18
46.56
22.25
52.53
38.32
40.77
48.15
45.17
40.78
38.75

39.5
57.29
35.58
43.49
41.98
42.00
45.32
25.38
53.37
25.76
53.33
45.8
47.63
59.21
51.12
42.88
48.03

46.73
71.33
44.86
55.59
40.09
45.77
52.38
34.15
62.94
48.35
69.24
60.01
58.66
67.66
65.48
50.81
41.78

41.82
66.72
43.34
49.08
43.45
42.42
45.55
33.41
56.46
34.73
68.26
50.70
48.84
57.26
55.11
51.82
45.60
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Table 4
ANOVA of response surface model and predicted results for response of four analytes.
Source

Model
A
B
C
AB
AC
BC
A2
B2
C2
Lack of Fit
Adjusted R2/R2
Predicted value
Experimental value
Error inrelation to predicted value (%)

Triazophos

Phosalone

Profenofos

Malathion

Quinalphos

F value

p-value

F value

p-value

F value

p-value

F value

p-value

F value

p-value

9.93
4.36
0.025
16.12
4.43
3.48
0.032
13.99
11.79
29.03
0.074
0.8339
59.78
61.02
2.07

0.0031
0.0751
0.8782
0.0051
0.0734
0.1044
0.8629
0.0073
0.0109
0.001
0.9708
0.9273

22.6
15.81
4.07
10.51
6.09
14.69
2.96
9.3
48.26
78.58
0.37
0.9239
48.94
50.19
2.55

0.0002
0.0053
0.0835
0.0142
0.0429
0.0064
0.1288
0.0186
0.0002
< 0.0001
0.7778
0.8429

22.24
10.81
4.04
33.49
1.25
15.56
4.61
8.35
21.11
90.8
0.16
0.9228
55.60
54.92
−1.22

0.0002
0.0133
0.0842
0.0007
0.3005
0.0056
0.0689
0.0233
0.0025
< 0.0001
0.9148
0.8936

12.05
0.1
3.73
1.79
13.28
7.91
2.11
17.73
12.21
41.97
2.43
0.8614
67.22
69.51
3.41

0.0017
0.758
0.0949
0.2227
0.0082
0.0261
0.19
0.004
0.0101
0.0003
0.2053
0.3400

5.15
1.33
0.33
1.33
1.32
4.17
1.82
6.76
8.14
17.57
0.35
0.7001
60.92
58.64
−3.74

0.021
0.2869
0.5816
0.2869
0.2884
0.0805
0.2191
0.0354
0.0246
0.0041
0.7935
0.4025

indicated the acceptability and validity of the quadratic polynomial
model for the optimization of MW conditions of functional carbons
produced by stigma maydis.

models which were statistically ideal were fully displayed in this work.
3.7.2. Response surface methodology
In order to obtain maximum extraction eﬃciencies, the three-dimensional (3D) response surface plots were drafted to visualize the
relationship between the variables investigated while assessing the responses and interaction eﬀects of two variables on extraction yield of
target analytes at the same time. Two variables varying in the range of
experiment under investigation were described while the other variables were kept at central level (0 level). Therefore, extraction yields of
ﬁve OPPs aﬀ ;ected by concentrated hydrochloric acid (A), MW time (B)
and MW temperature (C) were shown in Fig. 6A–E.
As seen from Table 4, the elements with better eﬀ ;ects on extraction
of triazophos were individual term C, and quadratic terms A2, B2, and
C2 (p < 0.05) while interactional elements (AB, AC and BC, p > 0.05)
were not signiﬁcant. Not only the individual term A and B and the
isolated quadratic terms B2 and C2, but also the interaction between AB
and AC variables (p < 0.05), were signiﬁcant for the extraction of
phosalone. For profenofos and malathion, the elements with the better
eﬀects on extraction yield were the ﬁrst-order variables A, C and the
second-order variables A2, B2, C2, AC, and variables AB, AC, A2, B2, C2,
respectively (p < 0.05). Moreover, the second-order quadratic term of
variables A2, B2, and C2 had signiﬁcant eﬀect on the quinalphos
(p < 0.05). According to the results above, only the most important
variables were selected to construct response surfaces and models,
supplying predicted values closer to experimental values, leading to
lower errors made by the models. In addition, the interaction of the
three single-factors (A, B, C) displayed considerable eﬀects on the
corresponding response surfaces and their 3D response surface curves
were upper convex and reached a maximum point within the scope of
the experiments, which proved that the ranges of three variables selected were reasonable.
Hence, the optimized condition for the mathematical models which
were calculated by the Design Expert software were as follows: concentrated hydrochloric acid concentration of 5.67:1, MW time of
30.68 min and MW temperature of 147.54 ℃. The carbon yield was
33.04 % in this condition. The predicted optimal enrichment factors of
triazophos, phosalone, profenofos, malathion and quinalphos at above
experimental point would be 59.78, 48.94, 55.60, 67.22 and 60.92
times, respectively. Parallel experiments under the predicted optimal
experimental points were carried out in triplicate to verify MW conditions optimized by RSM. The observed values for enrichment factor,
triazophos, phosalone, profenofos, malathion, and quinalphos were
61.02 times (error 2.07 %), 50.19 times (error 2.55 %), 54.92 times
(error −1.22 %), 69.51 times (error 3.41 %), and 58.64 times (error
−3.74 %), respectively. Similar predicted and experimental values

3.8. Method validation
To conﬁrm the proposed analytical methodology worked reliably, a
method validation was conducted by the following parameters: dynamic linear range, selectivity, linearity, precision, and limits of detection (LODs) and quantiﬁcation (LOQs). Results are summarized in
Table 5.
Standard stock solutions of ﬁve investigated compounds levels
ranging from 0.83 to 270.27 ng/mL were detected under the optimal
method condition to assess the linearities through peak area vs concentration. Good linearity of each compound with determination
coeﬃcients (R2) ranging from 0.9985 to 0.9998 were obtained. The
intra-day and inter-day precision were evaluated by relative standard
deviations (RSDs) through repeated injections, six times within a day
and twice a day for three continuous days, respectively. Satisﬁed precision was veriﬁed with RSDs of retention time and peak areas in the
range of 0.04−0.09 % and 0.80−0.97 % for intra-day precision determined by 50 μg/mL, and 0.62–0.86 % and from 1.43 to 5.75 % for
inter-day precision of the ﬁve target compounds. In addition, regarding
the cucumber samples, the intra-day and inter-day precision were obtained, respectively, as less than 2.37 % and 3.68 % by retention time,
and less than 3.51 % and 4.91 % by peak areas, which proving that the
precision of the method was satisﬁed. The LOQs and the LODs which
relevant to the method sensitivity were computed in accordance with
signal to noise ratio of 10:1 (S/N = 10) and 3:1 (S/N = 3), respectively.
The LODs values of target analytes were in the range of 0.04−0.17 ng/
mL and LOQs values ranged from 0.13 to 0.55 ng/mL, making known
that the established method contained good sensitivity.
3.9. Sample analysis
The proposed method was used for the determination of ﬁve OPPs
in cucumber, D. oﬃcinale and tomato vegetables under optimal conditions of MW and mini-SPE. The accuracy of the established method was
assessed by way of spike recovery. The spike recovery was carried out
in two levels of concentration (1 and 5 μg/mL) of triazophos, phosalone, profenofos, malathion, and quinalphos. Results and data are listed
in Table 6. In addition, the chromatograms of standard solution, standard solution under optimal method and sample solution were shown in
Fig. 7.
The contents in the cucumber were respectively 0.075 μg/g for
phosalone, 0.027 μg/g for profenofos, 0.100 μg/g for malathion, and
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Fig. 6. The three-dimensional response surface plots of ﬁve OPPs: (A) Triazophos, (B) Phosalone, (C) Profenofos, (D) Malathion, and (E) Quinalphos. Three single
factors: (a) concentration of concentrated hydrochloric acid, (b) MW time and (c) MW temperature.

Table 5
Linear Regression Data, Precision, Limits of detection (LODs) and Limits of quantiﬁcation (LOQs) of the Investigated Compounds.
Analyte

Calibration curve

Precision(RSD%)

Calibration levels (n = 6)

Intra-day n = 6

r

Triazophos
Phosalone
Profenofos
Malathion
Quinalphos

2

0.9994
0.9985
0.9998
0.9998
0.9995

LODs

LOQs

Inter-day n = 6

Slopes

Intercepts

Linear ranges
ng mL−1

Retention
time

Peak
area

Retention
time

Peak
area

ng mL−1

ng mL−1

107403885.00
9443806.18
17953163.61
13680920.52
92597227.58

90141.98
33321.74
−26884.36
186.99
34054.98

0.96−192.31
1.35−270.27
1.06−212.77
0.83−166.67
1.04−208.33

0.05
0.05
0.04
0.09
0.05

0.80
0.97
0.89
0.91
0.83

0.85
0.62
0.53
0.86
0.82

1.99
3.38
5.75
1.48
1.43

0.04
0.17
0.15
0.16
0.04

0.13
0.55
0.50
0.53
0.14
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Table 6
The Content, Average Recovery and Reproducibility of Samples.
Analyte

Content

Precision (RSD%) Cucumber
Intra-day
n=6
Retention time

Added
Inter-day
n=6

Peak area

Retention time

Recovery%

Reproducibility (sample

(μg/mL)

Cucumber

Tomato

D.
oﬃcinale

Peak
area

(μg/g)

(μg/g)

(μg/g)

Triazophos

Trace

Trace

Trace

1.18

1.74

1.56

4.26

Phosalone

0.075

0.087

0.031

2.13

3.17

2.87

3.79

Profenofos

0.027

0.015

Trace

1.94

3.68

3.34

4.91

Malathion

0.100

0.022

Trace

0.83

1.88

1.43

2.83

Quinalphos

0.005

0.020

Trace

2.37

3.67

3.51

3.96

extraction) (RSD%)
n=3
Cucumber

Tomato

D.

Retention time

Peak area

1.41

4.03

0.91

3.96

0.85

1.41

1.37

4.45

1.14

3.41

oﬃcinale
1
5
1
5
1
5
1
5
1
5

90.82
83.70
102.92
85.93
92.96
90.25
91.36
87.52
104.44
84.25

96.98
83.01
99.16
84.09
101.11
92.73
95.25
113.25
97.34
80.30

94.85
89.23
95.11
88.79
87.61
91.73
99.57
92.38
91.02
89.06

Fig. 7. Total ion chromatograms (TICs) of standard mixture, enriched standard mixture, and typical sample solutions determined by UHPLC-Q-TOF/MS. And
extracted ion chromatograms (EICs) of triazophos, phosalone, profenofos, malathion, and quinalphos.
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(Moaseri et al., 2017)
(Ahmed and Theydan, 2014)
(Aﬀam, 2020)
(Rashidi and Yusup, 2019)
(Mbarki et al., 2019))
this work
25.00
15.00
19.39
25.15
12.14
33.04

0.005 μg/g for quinalphos. Relatively, contents in the tomato were
found to be 0.087 μg/g for phosalone, 0.015 μg/g for profenofos,
0.022 μg/g for malathion, and 0.020 μg/g for quinalphos, respectively.
However, triazophos was not determined in either cucumbers or tomatoes, and the possible reason of the phenomenon was that the contents of triazophos in cucumbers and tomatoes was lower than the
detection limits. Target analytes exhibited trace levels in D. oﬃcinale
except for phosalone. Moreover the recovery range for OPPs from 80.30
to 113.25 %, which demonstrated that the proposed methodology
presented better accuracy. Parallel sample solutions in triplicate were
determined for the assessment of repeatability under the optimal experimental conditions. The RSDs of the ﬁve target compounds were less
than 4.45 %, revealing that the present method was reliable and accurate. The above results displayed that MW-mini-SPE as sample pretreatment combined with UHPLC-Q-TOF/MS could be used to determination and extraction of OPPs in cucumbers, D. oﬃcinale and
tomatoes.
3.10. Comparation with other methods

The deﬁnation of activation methods is referred to the precious review (Ioannidou et al. 2007).
The preparation time is excluded the dried time in the carbonization and activation process.

The preparation time, temperature and carbon yield of developed
method were compared with others in Table 7. Conventional physical,
chemical, steam activation approaches were involved in the comparison
table. Obviously, the consumed time was shortest in comparison to
traditional heating methods (Moaseri et al., 2017; Ahmed and Theydan,
2014; Aﬀam, 2020; Rashidi and Yusup, 2019; Mbarki et al., 2019). This
signiﬁcant advantage of shorter time for microwave irradiation than
conventional methods was also demonstrated in previous works (Liu
et al., 2010; Li et al., 2008; Duan et al., 2011). It was attributed to the
unique heating mechanism (dielectric heating in molecular level) of
microwave irradiation, which was fast and uniform. Additionally, the
energy transfer from electromagnetic energy into thermal energy was
achieved from the interior to material surface, which enhanced the
heating rate and shortened the activation time. For conventional
heating methods, heat transfer was ﬁnished through convection, conduction, and radiation. Excessive time was needed to overcome the
barrier of heat transfer (Li et al., 2016). Also, the highest carbon yield
existed. It can be attributed to the combined eﬀect of HCl as activating
agent, a huge thermal gradient between the interior and surface of
sample and a short activation time of microwave irradiation. Firstly,
HCl as activating agent reacted with the inorganic impurities existed in
the carbon precursor, which resulted in the generation of activated
carbon. Secondly, the produced volatile matter H2 was timely released
due to the temperature gradient from the center to the surface (Liu
et al., 2010). That is to say, the increase of volatilization rate created
more pores and promoted the generation of activated carbon. Additionally, a shorter activation time of microwave radiation avoided the
burn-oﬀ of activated carbon and the weight loss of carbon structure
during the longer activation time required for conventional thermal
activation (Li et al., 2008). Additionally, the carbonization and activation were simultaneously achieved in lower reaction temperature for
developed microwave method. Thus, the proposed method was simple,
fast, energy saving and high-eﬃciency.
4. Conclusions
In this work, stigma maydis, as one of agricultural wastes, was
ﬁrstly used to make functional carbons for the adsorption of OPPs from
foods and treated by the MW method. Integration of MW treatment
stage to the mini-SPE method applied in this work, which provided time
and power source savings led to moderate increases in the extraction
eﬃciency and the chemical activation procedure was accomplished in a
certain time instead of long inﬁltration and reaction periods. OPPs
consisted of triazophos, phosalone, profenofos, malathion and quinalphos. The method applied in the presence of chemical activating agent
of concentrated hydrochloric acid, especially at the concentration of 5:1

b

a

5.63
14.05
1.50
1.00
10.00
0.50
Toluene–H2SO4 pretreatment combined with chemical activation
HCl demineralision combined with steam activation
Steam activation
One-step physical activation
Hydrothermal carbonisation pre-treatment combined with two step physical activation
One-step microwave assisted chemical activation
KOH
H2O
H2O
CO2
CO2
Concentrated hydrochloric acid
Scrap tire
Pyrolysed tyre char
Oil palm kernel shell
Palm kernel shell
Corn Stigmata
Stigma maydis

750
950
750
850
900
150

Reference
Preparation
Timeb (h)
Activation
Methoda
Activating
agent
Precursor

Table 7
The comparation to other methods.

Preparation
temperature (℃)

Activated
carbon yield (%)
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and the MW time of 30 min and temperature of 150 ℃, obviously affected surface structure of the adsorbent. In addition, the optimum
experimental conditions and extraction eﬃciency were evaluated via
RSM and ANOVA. The quadratic polynomial model was thought as a
suitable, acceptable and reliable model and the choice of variables and
model were signiﬁcant. The experimental results revealed that the miniSPE method gained lower LODs (0.04−0.17 ng mL−1) and LOQs
(0.13−0.55 ng mL−1) and better recoveries (83.70–104.44 %,
87.61–99.57 % and 80.30–113.25 %, respectively) in analyzing cucumber, D. oﬃcinale and tomato samples. In addition, the current
method made full use of the waste of plant to achieve the aim of saving
energy, recycling waste and protecting environment. Therefore, the
proposed method is an economic and environmentally friendly for the
detection of OPPs in cucumbers, D. oﬃcinale and tomatoes.

J. Agric. Food Chem. 64 (2016), 381–382.
Ao, W.Y., Fu, J., Mao, X., Kang, Q.H., Ran, C.M., Liu, Y., Zhang, H.D., Gao, Z.P., Li, J., Liu,
G.Q., Dai, J.J., 2018. Microwave assisted preparation of activated carbon from biomass: a review. Renew. Sustain. Energy Rev. 92, 958–979.
Asim, N., Emdadi, Z., Mohammad, M., Yarmo, M.A., Sopian, K., 2015. Agricultural solid
wastes for green desiccant applications: an overview of research achievements, opportunities and perspectives. J. Clean. Prod. 91, 26–35.
Chaiittianan, R., Chayopas, P., Rattanathongkom, A., Tippayawat, P., Sutthanut, K., 2016.
Antiobesity potential of corn silks: relationships of phytochemicals and antioxidation,
anti-pre-adipocyte proliferation, anti-adipogenesis, and lipolysis induction. J. Funct.
Foods 23, 497–510.
Duan, Xh., Srinivasakannan, C., Peng, J.H., Zhang, L.B., Zhang, Z.Y., 2011. Comparison of
activated carbon prepared from Jatropha hull by conventional heating and microwave heating. Biomass Bioenergy 35, 3920–3926.
Enteria, N., Yoshino, H., Mochida, A., Takaki, R., Satake, A., Yoshie, R., Mitamura, T.,
Baba, S., 2008. Synergization of clean energy utilization, clean technology development and controlled clean environment through thermally activated desiccant
cooling system. ASME International Conference on Energy Sustainability 303–319.
Foo, K.Y., Hameed, B.H., 2012a. Preparation, characterization and evaluation of adsorptive properties of orange peel based activated carbon via microwave induced
K2CO3 activation. Bioresour. Technol. 104, 679–686.
Foo, K.Y., Hameed, B.H., 2012b. Textural porosity, surface chemistry and adsorptive
properties of durian shell derived activated carbon prepared by microwave assisted
NaOH activation. Chem. Eng. J. 187, 53–62.
Foo, K.Y., Hameed, B.H., 2012c. Factors aﬀecting the carbon yield and adsorption capability of the mangosteen peel activated carbon prepared by microwave assisted
K2CO3 activation. Chem. Eng. J. 180, 66–74.
Gupta, V.K., Ali, I., 2008. Removal of endosulfan and methoxychlor from water on carbon
slurry. Environ. Sci. Technol. 42, 766–770.
Hasanudin, K., Hashim, P., Mustafa, S., 2012. Corn silk (Stigma maydis) in healthcare: a
phytochemical and pharmacological review. Molecules 17, 9697–9715.
Ioannidou, O., Zabaniotou, A., 2007. Agricultural residues as precursors for activated
carbon production—A review. Renew. Sustain. Energy Rev. 11, 1966–2005.
Jegatheesan, V., Liow, J.L., Shu, L., Kim, S.H., Visvanathan, C., 2009. The need for global
coordination in sustainable development. J. Clean. Prod. 17, 637–643.
Li, W., Zhang, L.-B., Peng, J.-H., Li, N., Zhu, X.-Y., 2008. Preparation of high surface area
activated carbons from tobacco stems with K2CO3 activation using microwave radiation. Ind. Crops Prod. 27, 341–347.
Li, J., Dai, J.J., Liu, G.Q., Zhang, H.D., Gao, Z.P., Fu, J., He, Y.F., Huang, Y., 2016. Biochar
from microwave pyrolysis of biomass: a review. Biomass Bioenergy 94, 228–244.
Lin, Q.H., Cheng, H., Chen, G.Y., 2012. Preparation and characterization of carbonaceous
adsorbents from sewage sludge using a pilot-scale microwave heating equipment. J.
Anal. Appl. Pyrolysis 93, 113–119.
Liu, Q.S., Zheng, T., Wang, P., Guo, L., 2010. Preparation and characterization of activated carbon from bamboo by microwave-induced phosphoric acid activation. Ind.
Crops Prod. 31, 233–238.
Mbarki, F., Kesraoui, A., Seﬀen, M., Ayrault, P., 2018. Kinetic, thermodynamic, and adsorption behavior of cationic and anionic dyes onto corn stigmata: nonlinear and
stochastic analyses. Water Air Soil Pollut. 229, 95–112.
Mbarki, F., Selmia, T., Kesraouia, A., Seﬀena, M., Gadonneixc, P., Celzardc, A., Fierroc,
V., 2019. Hydrothermal pre-treatment, an eﬃcient tool to improve activated carbon
performances. Ind. Crops Prod. 140, 111717–111727.
Moaseri, E., Karimi, M., Kiani, S., Ahmadpour, A., 2017. Eﬀect of pretreatment process on
the characteristics of activated carbons produced from chemical activation of scrap
tire. Environ. Prog. Sustain. Energy 36, 796–801.
Rashidi, N.A., Yusup, S., 2019. Production of palm kernel shell-based activated carbon by
direct physical activation for carbon dioxide adsorption. Environ. Sci. Pollut. Res. 26,
33732–33746.
Shaﬁgh, P., Mahmud, H.B., Jumaat, M.Z., Zargar, M., 2014. Agricultural wastes as aggregate in concrete mixtures – a review. Constr. Build. Mater. 53, 110–117.
Sugumaran, P., Susan, V.P., Ravichandran, P., Seshadri, S., 2012. Production and characterization of activated carbon from banana empty fruit bunch and Delonix regia
fruit pod. J. Sustain. Energy Environ. 3, 125–132.
Sulaiman, N.S., Rovina, K., Joseph, V.M., 2019. Classiﬁcation, extraction and current
analytical approaches for detection of pesticides in various food products. J. Consum.
Prot. Food Saf. 14, 209–221.
Yu, Cc., Hao, Dy., Chu, Q., Wang, T., Liu, Sn., Lan, T., Wang, Fh., Pan, Cp., 2019. A one
adsorbent QuEChERS method coupled with LC-MS/MS for simultaneous determination of 10 organophosphorus pesticide residues in tea. Food Chem. 321,
126657–126665.

CRediT authorship contribution statement
Xin Dong: Data curation, Validation, Writing - review & editing.
Juan Yang: Formal analysis, Visualization. Yan Chen: Methodology.
Xiao-Ting Zhen: Software. Qiu-Yan Wang: Writing - original draft,
Investigation. Hui Zheng: Supervision. Jun Cao: Conceptualization,
Funding acquisition, Investigation, Methodology, Project administration, Resources, Funding acquisition, Supervision.
Declaration of Competing Interest
The authors have declared no conﬂict of interest. The authors (Xin
Dong, Juan Yang, Yan Chen, Xiao-Ting Zhen, Qiu-Yan Wang, HuiZheng, Jun Cao) declared that they had no known competing ﬁnancial
interests or personal relationships that could have appeared to inﬂuence the work reported in this paper.
Acknowledgements
This study was supported by the Public Welfare Research Project of
Zhejiang Province (LGF18H280006), Hangzhou Social Development of
Scientiﬁc Research projects (20191203B13), National Natural Science
Foundation of China (81573552), Hangzhou 131 Middle-aged and
Young Talent Training Plan (China, 2017).
Appendix A. Supplementary data
Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.indcrop.2020.112832.
References
Aﬀam, A.C., 2020. Conventional steam activation for conversion of oil palm kernel shell
biomass into activated carbon via biochar product. J. Environ. Sci. Manage. 6, 15–30.
Ahmed, M.J., Theydan, S.K., 2014. Fluoroquinolones antibiotics adsorption onto microporous activated carbon from lignocellulosic biomass by microwave pyrolysis. J.
Taiwan Inst. Chem. Eng. 45, 219–226.
Ai, N., Zeng, G., Zhou, H., He, Y., 2013. Co-production of activated carbon and bio-oil
from agricultural residues by molten salt pyrolysis. BioResources 8, 1551–1562.
Anderson, J.A., Harrigan, G.G., Rice, P., Kleter, G., 2016. Challenges and opportunities in
supporting sustainable agriculture and food security. Overview of the 13th IUPAC
international congress of pesticide chemistry symposiaon agricultural biotechnology.

12

