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Limited, Lahore, Pakistan, "The Department of Chemistry, FC College (A Chartered University), Lahore,
Pakistan

The use of pesticides is unavoidable in agricultural practices. This class of
chemicals is highly toxic for the environment as well as for humans. The present
work was carried out to assess the presence of some pesticides (diafenthiuron,
lufenuron, azoxystrobin, difenoconazole, and chlorothalonil) residues in five of
the very commonly used vegetables (eggplant, capsicum, apple gourd,
cauliflower, and sponge gourd). Matrix solid phase dispersion (MSPD)
techniqgue was used to extract the pesticides and subsequently their
quantification was performed through high performance liquid
chromatography (HPLC) coupled to ultraviolet-visible (UV-Vis) detector. The
elution was accomplished at wavelength of 254 nm by injecting 20 uL of
standards or samples into chromatographic system. The mobile phase
consisted of acetonitrile and water (80:20 v/v), where the flow rate was
adjusted at 1.0 ml/min. The linearity was good (R*> > 0.994) over a
concentration range from 20 to 100 pg/ml for the investigated pesticides.
The low detection limits showed a quite appreciable potential of the
method to detect (1.12-1.61pug/L) and quantify (3.73-5.36 ug/ml) the
pesticides under study. The accuracy was demonstrated in terms of percent
recovery which ranged between 88.5% and 116.9% for all the pesticides under
investigation. These results justify the suitability of the technique for the
intended purpose. The concentration of difenoconazole in apple gourd
(20.97 mg/kg), cauliflower (10.28 mg/kg), and sponge gourd (40.32 mg/kg)
whereas diafenthiuron in cauliflower (0.66 mg/kg) exceeded the maximum
residue level (MRLs) as defined by Food and Agriculture Organization of the
United Nations and the World Health Organization (FAO/WHO). Target hazard
quotient (THQ) values of difenoconazole and diafenthiuron (except for adults)
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were more than one which indicates the significant effect on human health on
consumption of apple gourd, cauliflower, and sponge gourd.

KEYWORDS

fungicides, insecticides, extraction, estimated daily intake, target hazard quotient

1 Introduction

Vegetables are a rich source of various nutrients such as
fibers, and different
polyphenols. By virtue of containing a variety of important

carbohydrates, vitamins, minerals,
natural ingredients, human beings use vegetables for the life
sustainability as an essential component of their food. Several
studies show that a regular use of vegetables alleviates the risk of
various diseases including different types of cancers, diabetes,
heart disease, stroke, high blood pressure, and some chronic
diseases as well (Yang et al., 2009; Hu et al., 2013; Ul-Haq et al,,
2021). Pesticides are a prime group of chemical and their use is
unavoidable in agricultural practices. However, an excessive use
of this class of chemicals can produce a toxic effect on the
environment as well as on the human health. Severe
infestation of pests, especially during initial stages of a crop
life, can potentially reduce the crop yields (Kim et al., 2013;
Wright et al,, 2013; Machado et al,, 2016; Mudge et al., 2016).
Therefore, agricultural sector would suffer from huge economic
losses if pesticides are not applied when required. The use of
pesticides significantly increases crop yields and thus the
financial margins. Pesticides such as fungicides, insecticides,
herbicides, and rodenticides are frequently being applied in
the agricultural sector to minimize the damage to vegetables
caused by certain insects, pests, fungi, and weeds. But their
excessive use becomes hazardous as these harmful chemicals
can be retained in vegetables as a residue. Consequently, these
pesticides tend to accumulate in the fat tissues of humans after
consumption (Nakata et al., 2002; Syed et al., 2014).

Despite the benefits of increasing the yields by protecting the
crops from harmful pests, the dose of pesticides must not exceed the
limits provided by the pest control board. A large part of the
pesticides’ impact on the environment occurs at the time of their
application, however a large portion of them can move or float off-
site thus bringing poisonous impacts to the environment and
humans. The dynamics of different pesticides depend on their
application to a particular specie under investigation (Stephen
et al,, 2017). The applied pesticides are delivered promptly into
the environment, however the portions arriving at the proposed
target and unintended targets can fluctuate considerably. Thus these
hazardous chemicals may enter the environment, accumulate in the
food chain, and cause toxic effects to humans (Akoto et al., 2013). In
contrast to most drugs, pesticides are generally applied to kill more
than one pest species having different degrees of sensitivity.
Therefore, the recommended dose should kill the most tolerant
pest species. Otherwise, a heavy application of pesticides can cause a
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diffuse contamination to the environment as well as can result in a
widespread pest resistance leading to a disturbance in the natural
balance, and hazards to humans, and wildlife (Stephen et al., 2017).

Several analytical procedures followed by various extraction
techniques including gel permeation chromatographic system
(GPC) with a graphitized carbon columns (Ueno et al., 2004; Wu
et al,, 2016), gas chromatographic (GC) method of analysis with
electron captured (EC) and mass spectrometric (MS) detector
with prior extraction by various methods like supercritical fluid
(SF), liquid-liquid extraction (LLE), solid phase extraction (SPE),
(MSPE),
microextraction (SPME), stir bar sorptive extraction (SBSE),
hollow-fiber liquid-phase microextraction (HF-LMPE), and
dispersive liquid-liquid microextraction (DLLME) (Kaihara
et al, 2002; Anastassiades et al., 2003; Diez et al., 2006; Rai
et al., 2016; Lee et al., 2017; Narenderan et al., 2019) have been
reported for the quantification of pesticide residues in

magnetic  solid-phase  extraction solid-phase

agricultural products including vegetables and fruits.

The above mentioned sample preparation methods have some
disadvantages linked to them. For example, the disadvantages of LLE
are low selectivity along-with high consumption of organic solvents
which accounts for production of toxic vapors, time consuming due
to multi-step extraction process (Musarurwa and Tavengwa, 2021).
SPE, MSPE, and SPME involve poor reproducibility of isolation and
enrichment, higher cost, sorbent media, and clogging/breaking of
sorbent bed (Farooq et al., 2022; Yeganeh et al,, 2022; Zhang et al.,
2022). The drawbacks of SBSE are difficulties in removing the stir-
bar from the samples and its rinsing, and desorption requires several
steps (Veloo and Ibrahim, 2021). HE-LPME needs reconditioning of
membrane as well as longer extraction times (Zuluaga et al., 2021).
Finally, DLLME requires use of three solvents with limited choice of
solvents, and is considered not suitable for a sample having complex
matrix composition due to which it shows less selectivity with low
precision (Nasiri et al., 2020; Khosrowshahi et al., 2021).

In the current study, an attempt was made to resolve the
problem associated with the mentioned techniques, where the
extraction was carried out by a simple and effective procedure i.e.
modified matrix solid phase dispersion (MSPD). This technique
is adaptable, simple, fast due to shorter sample treatment times,
and convenient in handling as compared to the conventional
methods (Nasiri et al., 2020). MSPD is developed on the basis of
sorbent material dispersion into a sample solution which
contains an analyte. An appropriate solvent is employed for
the analyte desorption after the adsorption process. Besides,
conditioning and washing steps are not required for MSPD
technique, which makes it simpler and faster as compared to
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FIGURE 1
Structures of the pesticides studied.

other solid phase extraction methods. Subsequently, high
performance liquid chromatography (HPLC) coupled to
ultraviolet/visible detector (HPLC/UV-Vis) was employed for
the simultaneous quantification of five pesticides (diafenthiuron,
lufenuron, azoxystrobin, difenoconazole, and chlorothalonil) in
vegetables (eggplant, capsicum, apple gourd, cauliflower, sponge
gourd) which are commonly employed for the protection of
crops against different pests (Figure 1). The main objective of this
study was to assess the presence of some pesticides’ residues
present in selected vegetable samples. The results were compared
with the permitted limits provided by the regulatory authority.
Besides, we evaluated whether the outcomes followed existing
guidelines especially the ones given by FAO/WHO. At long last,
we also considered the appropriateness of the studied
commodities for human consumption keeping in view the
official MRLs
human health risk by exposure to vegetable contaminated

(maximum residue levels). Assessment of

with pesticides was also evaluated by determining the value of
estimated daily intake (EDI, in mg/kg/day) and non-carcinogenic
target hazard quotient (THQ).

2 Experimental
2.1 Reagents and solutions

Diafenthiuron, lufenuron, azoxystrobin, difenoconazole, and
chlorothalonil (Sigma Aldrich, United States), sodium sulphate
(Merck, Darmstadt, Germany), florisil (60-100 mesh, Sigma Aldrich,
United States) of analytical reagent grade, and HPLC grade acetonitrile
(Panreac, Barcelona, Spain) were acquired from Hajvery Scientific Store,
Lahore-Pakistan. The GenPure (Thermo Scientific, United States) water
system was used to prepare ultrapure water (18 M(Q) cm resistivity).
Pesticide standard stock solutions were prepared in mobile phase
(acetonitrile: water, 80:20 v/v) through which further dilution was
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made to prepare the working standard solutions of each pesticide.
The solutions were stored at 4°C until their use. Calibration standard
solutions were prepared in the range from 20 to 100 pg/ml (20 pg/ml,
40 pg/ml, 60 pg/ml, 80 pug/ml, and 100 pg/ml).

2.2 Sample collection and pre-treatment

The vegetable samples which were grown in the dedicated land
for experimental purposes were provided by Plant Pathology
Laboratory, Agriculture Department, University of the Punjab,
Lahore-Pakistan. Pesticide-free vegetables controlled by the
Residue Control Laboratory, University of the Punjab, Lahore-
Pakistan were used as blank, whereas the blank samples were
spiked with respective pesticides for validation studies. To
guarantee the maximum sample extraction efficiency and get
accurate results, 1kg of each vegetable (eggplant, capsicum, apple
gourd, cauliflower, sponge gourd) was collected. Each vegetable was
lyophilized and chopped into small pieces which were kept in the
dark at —20°C until further analysis. The plant used in this research
comply the criteria and policy established by “Convention on the
Trade in Endangered Species of Wild Fauna and Flora and the TUCN
Policy Statement on Research Involving Species at Risk of Extinction.

2.3 Sample extraction

2.3.1 Solid phase extraction

The MSPD (Figure 2) method was opted for the extraction of all
pesticide residue from respective vegetables under investigation. In
the MSPD technique, florisil (4.0 g) which was previously activated
at 600°C was used as dispersing sorbent, whereas the elution of
analytes was achieved by acetonitrile. 4.0 g of each vegetable sample
separately and solid support-florisil were triturated with the help of
mortar and pestle containing acetonitrile to get the homogeneous
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Extraction of pesticide residues in vegetables by MSPD and quantification by HPLC.

mixture. The glass column (400 mm X 15 mm) was packed with
2.5 g silica gel and 5.0 g anhydrous sodium sulphate. The previously
homogenized sample was transferred to packed column and elution
was performed with acetonitrile (15.0 ml, HPLC grade). Mostly,
acetone and ethyl acetate are selected for extraction clean-up in SPE
methods but these solvents did not work efficiently in MSPD,
therefore acetonitrile was selected as the elution solvent for the
extraction purpose in the current studies (Capriotti et al., 2015).

The eluate of each vegetable was collected in a round bottom
evaporating flask and then volume was reduced to approximately
2.0 ml using a rotary evaporator at 40°C. The obtained eluate was
diluted further with 2.0 ml of acetonitrile to get the final aliquot
for analysis by HPLC.

2.4 Chromatography
A liquid chromatographic system of Agilent 1,260 (Infinity II

LC System) equipped with UV-Vis detector (G7114 A), and
isocratic pump (G7110 B) was used to perform chromatography.
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The separation was accomplished at room temperature through
C-18 column (150 mm x 4.6 mm, 5 pm). The mobile phase
comprising of acetonitrile: water (80:20 v/v) mixture was
pumped through the LC system. The flow rate was set at
1.0 ml/min. A 20.0uL of sample was injected and the
detection was performed at 254 nm. A nylon membrane filter
(0.22 um, Sartorius, Germany) was used to filter the mobile
phase, working standards and sample solutions prior to
injection into LC system whereas data was acquired by Open
Lab CDS software.

2.5 Method validation

European Union guidelines (Document No SANTE/
12682/2019) (Commission, 2019) were followed to validate
the authenticity of proposed method for the determination of
pesticide residue in vegetable samples. To establish the
validity of the suggested method, different parameters such

as matrix effect, linearity, accuracy, precision, limit of
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detection (LOD), and limit of quantitation (LOQ) were
considered and measured. Selectivity is referred to a
successful elution of an analyte of interest from a complex
mixture in the presence of some other substance, whereas
linearity is referred to responsiveness of an instrument to a
particular specie within a specific concentration range.
Linearity (y = mx + c) shows the ability of the method to
verify that response of analyte is directly proportional to a
specific concentration range. For selected concentration range
of each analyte, important parameters such as slope (m),
intercept (c), and coefficient of determination (R*) have
been tabulated. Accuracy measures the proximity between
the obtained and true values and implies that there is no
inherent systematic error or bias. A bias determines the
deviation of obtained value from the true value.

The recovery studies were performed to evaluate the accuracy
by spiking the sample with each pesticide at low (20 pg/ml),
medium (60 pg/ml), and high (100 pg/ml) concentration level.
The precision of the proposed analytical procedure was presented
in % relative standard deviation (RSD) which is the closeness of
agreement among the individual values attained when the
multiple homogenous samples were analysed repeatedly under
defined conditions. Repeatability (on the same day by the same
operator) and reproducibility (on the same day by the different
operator) were performed to assess the precision. The lowest
concentration in the calibration curve (20 pg/ml) was spiked to
the blank matrix of each vegetable and the matrix effect was
reported in percentage recovery and same concentration was
spiked with real sample extracts.

Under the appropriate conditions of the chromatographic
method, the lowest amount of analyte that is detectable but
not necessarily quantitated is the limit of detection (LOD =
3 0/S) while the amount that is determined with acceptable
accuracy and precision is the limit of quantitation (LOQ =
10 0/S), where ¢ is SD (standard deviation) of interception
while S is the slope of the regression curve. Detection limits
determined the sensitivity of the method (Ahmed et al., 2013;
Ahmad et al.,, 2016; Qadir et al., 2016; Jehangir et al., 2020;
Ahmed et al., 2021).

2.6 Human health risk assessment

A

Where IR is the ingestion rate of vegetables which is 0.345 kg/
day and 0.232 kg/day for adult and children respectively, C is the
concentration (mg/kg) of pesticide residue found in vegetables,
BW is the average body weight which is taken 73.0 kg and 32.3 kg
for adult and children respectively. THQ is terminology used to
characterize the risk associated with amount of chemical in
specific food after its exposure and its value is determined by
dividing the EDI with RfD (oral reference dose in mg/kg
BW/day).
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For a value of THQ <1, the exposed population experiences
no significant health risk, whereas RfD values of diafenthiuron,
lufenuron, azoxystrobin, difenoconazole and, chlorothalonil are
0.003, 0.02, 0.20, 0.01, and 0.015 mg/kg. BW/day (Kumari and
John, 2019; APVMA, 2022; Hasnaki et al., 2022) respectively.

3 Results and discussion
3.1 Chromatography

The final analysis of pesticide residue in vegetable samples
was performed after the successful extraction of respective
pesticides chlorothalonil,  difenoconazole,
lufenuron, and diafenthiuron) by MSPD. All the pesticides

under

(azoxystrobin,

investigation ~were satisfactorily separated and
determined with sufficient resolution in the presence of
matrix, where matrix effect is vitally important in the
development of a liquid chromatographic (LC) method.

To determine the absorption maximum (A,,,,), the scanning
was performed over the entire range of UV-Vis spectrum
(200-800 nm). A An.c of 254nm was selected because all
analytes showed absorption maximum at this wavelength.
Identification and quantification of each analyte were
performed by retention time and peak areas and by
comparing them with the working standards under similar

conditions as shown in the chromatogram (Figure 3).

3.2 Method validations

The validation assessment of proposed MSPD-HPLC
analytical method was performed by taking in account the
coefficient of determination (R*) from linearity, recovery for
accuracy, precision, matrix effect, and detection limits (LOD
and LOQ). The selectivity of the proposed method was
evaluated by spiking the lowest concentration of regression
curve (20 ug/ml) of each pesticide. The selectivity of the
method was determined by quantifying each pesticide in a
complex sample at its retention time while having no
interference of other compounds present in the sample.
The linearity of chromatographic methods was evaluated
by plotting triplicate five-point (as described in section 2.5)
linear plots. The obtained regression curves were linear for all
five pesticides (azoxystrobin, chlorothalonil, difenoconazole,
lufenuron, and diafenthiuron) under investigation with a
coefficient of determination (R?) > 0.994 (Table 1).

Accuracy of the chromatographic methods was checked by
evaluating the recovery studies after spiking the known amount
of each pesticide at low, medium, and high concentration levels
as already described in section 2.5.

The percent (%) recoveries were achieved in ranges of
88.5-116.9% (Table 2) for all pesticides under investigation by
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FIGURE 3

Typical HPLC chromatograms of eggplant [(A): spiked blank as standard, (

B) sample], capsicum [(C): spiked blank as standard, (D) sample], apple

gourd [(E): spiked blank as standard, (F) sample], cauliflower [(G): spiked blank as standard, (H) sample], and sponge gourd [(l): spiked blank as

standard, (J) sample], spiked concentration. (20 pg/ml).

using the proposed HPLC method. Such an achievement of
percent recoveries justifies the validity and authenticity of the
proposed technique for its intended applications. The
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recoveries obtained by the HPLC method complied with
the standard (70-120%) set by European Union guidelines
(Document No SANTE/12682/2019) (Commission, 2019).
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TABLE 1 Parameters of validation studies.

Parameters

Concentration range (pg/ml)
Regression equation

Coefficient of determination (R?)

Pesticide

Azoxystrobin

20-100
y = 1.919x + 40.29
0.996

Chlorothalonil

20-100
y = 0.241x + 59.59
0.996

Difenoconazole

20-100
y = 0.297x + 2.89
0.994

10.3389/fchem.2022.1084350

Lufenuron

20-100
y = 0.065x + 39.82
0.996

Diafenthiuron

20-100
y = 0.0158x+38.437
0.997

Retention time (min.) 2.5 2.9 34 4.6 9.3
LOD (ug/ml) 1.61 1.51 1.12 1.21 1.51
LOQ (pg/ml) 5.36 5.03 3.73 4.03 5.03
Matrix effect (%) 98 108 110 103 101
TABLE 2 Accuracy and precision studies.
Pesticide Concentration (ug/ml), Recovery (%) = SD Precision (% RSD)
n=>5
Spiked Found Repeatability Reproducibility
Azoxystrobin 20 17.98 89.9 £ 0.44 5.65 4.58
60 58.49 97.5 £ 3.89 6.11 532
100 104.44 104.4 + 2.88 3.74 5.47
Chlorothalonil 20 19.58 97.9 +2.92 4.25 4.25
60 64.49 107.5 £ 3.75 3.21 4.57
100 104.61 104.6 £ 5.09 5.68 1.25
Difenoconazole 20 18.33 91.6 + 3.25 6.87 4.58
60 65.39 108.9 + 3.71 2.58 3.87
100 106.1 106.1 + 2.08 1.68 4.25
Lufenuron 20 17.79 88.5 + 1.02 3.68 5.67
60 63.65 106.1 = 2.14 4.57 5.47
100 101.8 101.8 + 2.51 5.11 5.89
Diafenthiuron 20 23.39 1169 = 1.11 532 4.58
60 57.2 95.3 + 1.03 1.56 4.89
100 105.19 105.2 £ 2.66 2.89 6.32

The results of repeatability and reproducibility in terms of %
RSD (Table 2) show that the variations in the values for
repeatability and reproducibility were lesser than 20% (in
replicate of five) and thus comply with the standard
(<20%) set by European Union guidelines (Document No
SANTE/12682/2019) 2019). The
concentration in the calibration curve i.e., 20 pg/ml was

(Commission, lowest
spiked to the blank matrix of each vegetable and the matrix
effect was reported in percentage recovery (Table 1). LOD and
LOQ of each pesticide were determined by the proposed LC
method (Table 1), lower values of detection limits showed a
very pleasing capability of the method to detect and quantify
the pesticides under study.

Frontiers in Chemistry

3.3 Application to real samples

Pesticide residues in commonly used five vegetables samples
were determined by HPLC and the results are tabulated in
Table 3. Azoxystrobin is effective against early and late blight,
as well as against powdery and downy mildew (Hou et al., 2016).
According to analyzed results, azoxystrobin residue found in
eggplant, capsicum, apple gourd, cauliflower, and sponge gourd
was in a range between 0.01 and 0.43 mg/kg whereas their MRL
values were found between 3.0 and 5.0 mg/kg for all the
vegetables under current studies. The obtained results show
that azoxystrobin residues in all selected vegetables are within
their permissible limits designed by FAO/WHO.
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TABLE 3 Pesticide residue in vegetables under study (mean + SEM, n = 10).

10.3389/fchem.2022.1084350

Vegetable Active substance Concentration (mg residue/kg) MRL (mg residue/kg)
Eggplant Azoxystrobin 0.01 + 0.005 (Min. 0.009, Max. 0.012) 3.0
Chlorothalonil 0.55 + 0.002 (Min. 0.42, Max. 0.58) -
Difenoconazole 0.50 + 0.003 (Min. 0.41, Max. 0.53) 0.6
Lufenuron 0.01 + 0.001 (Min. 0.009, Max. 0.012) -
Diafenthiuron 0.001 + 0.001 (Min. 0.0008, Max. 0.0011) 1.0
Capsicum Azoxystrobin 0.02 + 0.001 (Min. 0.007, Max. 0.022) 3.0
Chlorothalonil 0.003 + 0.0001 (Min. 0.0006, Max. 0.0034) 7.0
Difenoconazole 0.05 + 0.001 (Min. 0.008, Max. 0.058) 0.9
Lufenuron 0.01 + 0.001 (Min. 0.009, Max. 0.013) 0.8
Diafenthiuron 0.01 + 0.001 (Min. 0.008, Max. 0.014) -
Apple gourd Azoxystrobin 0.43 + 0.002 (Min. 0.39, Max. 0.48) 3.0
Chlorothalonil 0.44 + 0.002 (Min. 0.38, Max. 0.52) NA
Difenoconazole 20.97 + 0.22 (Min. 18.91, Max. 21.12) 0.6
Lufenuron 0.33 + 0.001 (Min. 0.19, Max. 0.42) -
Diafenthiuron 0.42 + 0.002 (Min. 0.38, Max. 0.53) -
Cauliflower Azoxystrobin 0.23 + 0.002 (Min. 0.19, Max. 0.29) 5.0
Chlorothalonil 0.50 + 0.001 (Min. 0.43, Max. 0.62) 5.0
Difenoconazole 10.28 + 0.67 (Min. 8.79, Max. 11.28) 2.0
Lufenuron 0.07 + 0.001 (Min. 0.008, Max. 0.015) -
Diafenthiuron 0.66 + 0.002 (Min. 0.48, Max. 0.71) 0.02
Sponge gourd Azoxystrobin 0.04 + 0.001 (Min. 0.006, Max. 0.05) 3.0
Chlorothalonil 1.83 + 0.09 (Min. 1.28, Max. 1.95) -
Difenoconazole 40.33 + 0.74 (Min. 38.85, Max. 41.15) 0.6
Lufenuron 0.12 + 0.001 (Min. 0.09, Max. 0.16) -

Diafenthiuron

The azoxystrobin is rapidly metabolized in vegetables after
14 days. Therefore, a wait of 14 days must be done after the
application of this class of chemicals before the harvesting and
supply of these vegetables in the market to avoid the transfer and
accumulation of these pesticides into humans. Chen et al. noted a
decline in concentration of azoxystrobin residue in Chinese
cabbage and kale from 4.10 to 0.63 mg/kg and from 13.21 to
0.10 mg/kg respectively within 18 days (Chen et al., 2004). Bagi
et al., performed experiments to study the azoxystrobin residue in
cucumber at the end of the pre-harvest interval (PHI) and found its
residue level to 1.0 mg/kg which is below the maximum residue
level (MRL) (Bagi et al.,, 2014).

Chlorothalonil like azoxystrobin is beneficial against early
and late blight, and powdery and downy mildew therefore is
excessively used (Hou et al., 2016). The chlorothalonil residue
found in eggplant, capsicum, apple gourd, cauliflower, and
sponge gourd was found in a range between 0.003 and
1.83 mg/kg while these values are in permissible limit defined
by FAO/WHO (FAO JMPR Experts, 2002).

The study from China revealed that the azoxystrobin and
chlorothalonil dissipated rapidly in cabbage with mean half-
lives of 0.4 and 1.7 days respectively. In the cabbage, the
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1.34 + 0.08 (Min. 1.18, Max. 1.55) -

terminal residues of azoxystrobin and chlorothalonil at the
harvest time were below their maximum residue limit
established by Codex Alimentarius Commission. Under the
recommended dosage of azoxystrobin and chlorothalonil, the
study suggested that the formulation of azoxystrobin and
chlorothalonil (560 g/L, SC) may be safer for vegetables
(Hou et al., 2016).

Difenoconazole residue in eggplant, capsicum, apple
gourd, cauliflower, and sponge gourd was found between
0.50 and 40.33 mg/kg, whereas their MRL values were 0.6,
0.9, 0.6, 2.0, and 0.6 mg/kg respectively. These results show
that difenoconazole residues in eggplant and capsicum are
within the permissible limits designed by FAO-WHO, while
that of apple gourd, cauliflower, and sponge gourd are above
their permitted MRL value by FAO/WHO. Akhtar et al.
studied the difenoconazole residue in guava and eggplant
and round gourd vegetables. The results show that the
concentration of difenoconazole in all commodities is
above their maximum MRL value. In guava, the determined
amounts of difenoconazole were 81.5 mg/kg while in eggplant
and round gourd, these values were 5.62mg/kg and
61.53 mg/kg respectively (Akhtar et al., 2018).
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TABLE 4 EDI and THQ values by consumption of pesticide-contaminated vegetables.

Pesticide EDI (Adults/Children)
Eggplant

Azoxystrobin 473 x 10°/7.18 x 107°
Chlorothalonil 2.60 x 107/3.95 x 10~
Difenoconazole 2.37 x 107/3.59 x 107
Lufenuron 473 x 107°/7.18 x 107
Diafenthiuron 4.73 x 107°/7.18 x 10°°
Capsicum

Azoxystrobin 9.40 x 107°/1.44 x 10™*
Chlorothalonil 1.42 x 10°/2.15 x 10~°
Difenoconazole 2.36 x 107*/3.59 x 10™*
Lufenuron 4.73 x 107°/7.18 x 10~°
Diafenthiuron 4.73 x 107°/7.18 x 10~

Apple gourd

Azoxystrobin 2.03 x 10-%/3.09 x 107
Chlorothalonil 2.08 x 10-%/3.16 x 107
Difenoconazole 9.92 x 10-*/1.51 x 10!
Lufenuron 1.56 x 10-*/2.37 x 107*
Diafenthiuron 1.97 x 10-*/3.02 x 107
Cauliflower

Azoxystrobin 1.09 x 10-*/1.65 x 107*
Chlorothalonil 2.37 x 10-/3.59 x 10~
Difenoconazole 4.86 x 10-%/7.38 x 107
Lufenuron 3.31 x 10-%/5.03 x 10™*
Diafenthiuron 3.12 x 10-*/4.74 x 107

Sponge gourd

Azoxystrobin 1.89 x 10-*/2.87 x 10°*
Chlorothalonil 8.66 x 10-*/1.31 x 107
Difenoconazole 1.91 x 10-'/2.89 x 107"
Lufenuron 5.68 x 10-'/8.62 x 107*
Diafenthiuron 6.34 x 10-/9.62 x 107

Lufenuron residue in eggplant, capsicum, apple gourd,
cauliflower, and sponge gourd were obtained in ranges
between 0.01 and 0.33 mg/kg. The results show that lufenuron
residues in capsicum are within the permissible limits designed
by FAO/WHO, whereas MRL for other vegetables is not defined.
Malhat et al., conducted the field experiment using tomato crop
to study the dissipation behavior of lufenuron. Results showed
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THQ (Adults/Children)

2.4 x 107/3.59 x 107
0.17/0.26
0.24/0.36
2.36 x 10°/3.59 x 107
1.58 x 107%/2.39 x 107

2.0 x 10%/7.20 x 107
9.47 x 107/1.43 x 1073
2.36 x 107/3.59 x 102
2.36 x 107/3.59 x 107
1.58 x 107%/2.39 x 1072

1.02 x 107%/1.54 x 107
0.14/0.10
9.92/15.1
0.08/0.12
0.66/1.01

6.45 x 107°/8.25 x 107
0.16/0.24

4.86/7.38

0.17/2.51 x 107
1.04/1.58

945 x 107%/1.44 x 107
0.58/0.87

19.1/28.9

2.84 x 1072/4.31
2.113/3.21

10.3389/fchem.2022.1084350

Health risk (Adults/Children)

No significant/No significant
No significant/No significant
No significant/No significant
No significant/No significant

No significant/No significant

No significant/No significant
No significant/No significant
No significant/No significant
No significant/No significant

No significant/No significant

No significant/No significant
No significant/No significant
Significant/Significant

No significant/No significant

No significant/Significant

No significant/No significant
No significant/No significant
Significant/Significant

No significant/No significant

Significant/Significant

No significant/No significant
No significant/No significant
Significant/Significant

No significant/Significant

Significant/Significant

09

that lufenuron residues were lost with pre-harvest intervals of
7 days when its application was performed as per the instructions
of manufacturer (Malhat et al., 2012). Hanafi et al., experimented
to find out the lufenuron residue in green beans as well as in
spring onions. The data showed that the initial deposition of
lufenuron in onions was 0.17 mg/kg then it disappeared at slow
rate but the residue level (0.06 mg/kg) after a week was still higher
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TABLE 5 Analytical features comparison of the proposed method with reported methods.

Vegetable Technique LOD/LOQ Recovery Origin/References
(Extraction/Analysis)  (pg/kg) (%)

Potato, Cabbage, Cauliflower, Tomato, Brinjal, Cucumber, Pea, QuEChERS-DLLME/GC-MS  1.0-10/5.0-34 87-106 India Rai et al., 2016

Okra, Capsicum, Green chili, Coriander leaf, and Spinach

Spinach, and Potato QuEChERS-dSPE/GC- -/<10 70-120 Korea Lee et al., 2017
MS/MS

Cucumber HS-SPME/GC-ECD 0.11/0.77 81-106 China Wu et al., 2016

Potato, Cabbage, Cauliflower, Carrot, Garlic, Broccoli, Leek, QuEChERS-dSPE/LC- 0.1-1/0.5-5 77-110 India Narenderan et al., 2019

Celery, Ginger, Peas, Bean, and Lettuce MS/MS

Potatoes QuEChERS-dSPE/UHLC- 0.4-1.0/2.0-5.0 81-113 China Chen et al., 2018
MS/MS

Potatoes QuEChERS-dSPE/ 0.9/2.7 86-90 Saudi Arabia Abd-Alrahman
HPLC-DAD and Almaz, (2016)

Tomato, and Cucumber SFE-MSPE/HPLC-UV 0.1/3.3 91-99 Iran Bagheri et al,, 2016

Eggplant, Capsicum, Apple gourd, Cauliflower, and Sponge gourd ~ MSPD/HPLC-UV 1.12-1.61/ 88.5-116.9 This study, Pakistan

3.73-5.36"

“Indicated the concentration in pg/mL.

than the MRL (i.e. 0.02 mg/kg). However, lufenuron was not
detectable in green beans (MRL = 0.02 mg/kg) in early days. It
was shown that the deposition of respective pesticide depends on
the different structure/nature of the two vegetables (Hanafi et al,
2010).

Diafenthiuron residue in selected vegetables was found
in a range between 0.001 and 1.34 mg/kg and these results
showed that diafenthiuron residues in eggplant are within
their permissible limits designed by FAO-WHO, however
the concentration in cauliflower was above the allowable
limits (0.02 mg/kg). Another study of diafenthiuron
residue in cauliflower from Pakistan revealed that the
concentration found were beyond their MRL values set
by FAO (FAO JMPR Experts, 2002; Panhwar and Sheikh,
2013).

It has also been reported that pesticides are repeatedly
being sprayed, e.g. 15 times on cauliflower during the
growth period. Therefore, it is important to monitor the
pesticide load in the environment globally and preventive
measures must be taken to reduce their use or at least to
reduce the pesticides’ residue level to MRL to protect human
beings from their harmful effects. Hence, analysis of
pesticide residues in food (especially in vegetables) and
their removal is gaining much importance. It has also
been found that the vegetables are sprayed with different
pesticides without providing any awareness on their
respective concentrations and time intervals which can
cause potential damages to human health and thus these
concerns should be addressed to avoid unbearable losses to
human beings. It is also a routine practice that farmers
frequently apply pesticides to the vegetables and then supply
the vegetables without even waiting for a day and thus these
vegetables contain pesticide residues above their MRLs.
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3.4 Human health risk assessment

EDI and THQ values were calculated for both adults and
children by using the concentration of pesticides in respective
vegetables. The results are summarized in Table 4.

The highest EDI value was obtained for difenoconazole
except for the eggplant where its value was found at the lower
side out of the tested pesticides. EDI value of each pesticide in
every vegetable was higher for children which ranged between
7.18 x 10 73.09 x 107, 2.15 x 10 7131 x 107 2.89 x
10 3,59 x 10 7.18 x 10 _78.62 x 1072 and 7.18 x
10 %962 x 107
difenoconazole, lufenuron, and diafenthiuron respectively.
Data showed that the THQ values of difenoconazole and
diafenthiuron (except for adults) were greater than one which

for azoxystrobin, chlorothalonil,

indicates a significant impact on human health on consuming
apple gourd, cauliflower, and sponge gourd. However, the THQ
values were lesser than one for eggplant and capsicum which
pose no significant risk on human health (Table 4). These studies
reveal that children are more susceptible to the pesticides
exposure on using the vegetables under investigation.

3.5 Advantages of the MSPD-HPLC
method

Comparison of the proposed MSPD-HPLC method with
literature reported methods is given in Table 5. The proposed
method demonstrates some clear advantages over other methods.
Conventional techniques such as solvent partitioning and liquid-
liquid extraction by using various organic solvents like n-hexane,
ether, ethyl
dichloromethane, and propanol has been employed for the

acetone,  petroleum acetonitrile, acetate,
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extraction of pesticide residue present in different vegetable
samples. But the MSPD shows an advantage over the other
mentioned methods in terms of its performance as it is user
friendly, more convenient, and much faster due to non-
involvement of additional steps like centrifugation and
filtration. In addition, only small volumes of solvents are
utilized in this method due to more contact between sorbent
phase and analyte, and it avoids the formation of troublesome
emulsions as well. Due to above qualities, this technique is
effective for extraction, isolation, clean-up, and pre-
concentration of pesticide residue in complex matrices
(Pashaei et al., 2020).

A complete dispersion and disruption of sample in small sized
particles is obtained in MSPD, which later provides a better surface
for the extraction of the sample. In basic SPE methods, sample
disruption is achieved in earlier steps because the sample should be
in liquid form, and thus several components are discarded before
the extraction. In addition, the sample is generally retained in the
first few millimeters of the sorbent packed in the column in solid
phase extractions, whereas in MSPD, the sample is dispersed
throughout the column. Finally, the physical and chemical
interactions of the components of the system are greater in
MSPD than in SPE (Barker, 2000). In presented MSPD
method, the florisil mixed with silica gel and sodium sulphate
has become such a versatile material that it does not affect the
sample matrix at all. It just adsorbs the molecules of organic nature
and permits them to migrate through the sorbent surface, where
polarity of eluent plays an important role in the recovery of the
adsorbed material especially the pesticides. Just one precaution of
activating the adsorbent was taken before using it for the recovery

of pesticides from the vegetables’ samples.

4 Conclusion

The analysis of pesticide residues such as azoxystrobin,
chlorothalonil, difenoconazole, lufenuron, and diafenthiuron in
five commonly used vegetables’ samples (eggplant, capsicum,
apple gourd, cauliflower, sponge gourd) was performed after
successful extraction of respective pesticides by MSPD. All the
pesticides under investigation were satisfactorily separated and
determined with sufficient resolution in the presence of matrix,
where matrix effect is vitally important in the development of LC
method. The performance of the MSPD-HPLC analytical method
was assessed for selectivity, linearity, accuracy, precision, matrix
effect, LOD, LOQ. The obtained results revealed that the proposed
method was quite efficient and adequately accurate and precise for
its routine use in food quality control laboratories. EDI and HQ
values were calculated by using the concentrations of pesticides
determined in respective vegetables for both adults and children to
assess their impact on health. The values of THQ suggested that
the difenoconazole and diafenthiuron contaminated vegetables
have significant effect on human health whereas children are
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more susceptible than adults to these pesticides exposure by
Although
chemical pesticides are more reliable, effective and convenient

consuming the vegetables under investigation.
to kill the pests, however these pesticides often cause food safety
and environmental problems. To avoid their contamination and
ensure food safety, alternative strategies like trap devices and pests
killing lamps should be opted. Also the use of environment-
friendly pesticides is recommended because they undergo
photochemical degradation and transform into metabolites
which are not hazardous to environment and human health. In
a nut shell, a global monitoring of pesticide load in the
environment is imperative and preventive measures must be
taken to reduce their use and limit the pesticides residue level
to MRL to protect human beings from their harmful effects.
Hence, analysis of pesticide residues in food and their removal
is an essential requirement. Moreover, strict and tighter regulations
regarding pesticide residues in highly

vegetables  are

recommended.

Data availability statement

All data generated or analysed during this study are included
in this published article.

Author contributions

MM: Methodology, Formal analysis, SL: Supervision, Review
and editing, MAA: Investigation, Methodology, Formal analysis,
Writing - original draft. WS: Review, Analysis, MI: Review,
MUA: Formal analysis, Review, AA: Validation, MJ: Review
ZM: Review.

Conflict of interest

Author MJ was employed by the company Novamed
Pharmaceuticals (Pvt) Limited.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict of
interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2022.1084350

Mujahid et al.

References

Abd-Alrahman, S. H,, and Almaz, M. (2016). Dissipation rate of different commercial
formulations of propamocarb-hydrochloride applied to potatoes using HPLC-DAD.
Arabian J. Chem. 9, S1402-S1405. doi:10.1016/j.arabjc.2012.03.003

Ahmad, S. A., Ahmed, M., Qadir, M. A,, Shafig, M. I, Batool, N., Nosheen, N.,
etal. (2016). Quantitation and risk assessment of chemical adulterants in milk using
UHPLC coupled to photodiode array and differential refractive index detectors.
Food Anal. Methods 9 (12), 3367-3376. do0i:10.1007/s12161-016-0534-2

Ahmed, M., Ahmad, S., and Irfan, M. (2021). A green ultra-fast liquid
chromatographic method for quantification of curcumin in extract of Curcuma
longa L. followed by confirmation via spectroscopic techniques. Sep. Sci. plus 4 (3),
118-127. doi:10.1002/sscp.202000063

Ahmed, M., Shahzadi, S. K., Waseem, R., Shahzad, S., and Ahmad, W. (2013).
Sodium benzoate and potassium sorbate in Pakistani retail foodstuffs. Int. J. Chem.
Sci. Res. 3 (6), 1-6.

Akhtar, S., Yaqub, G., Hamid, A., Afzal, Z., and Asghar, S. (2018). Determination
of pesticide residues in selected vegetables and fruits from a local market of Lahore,
Pakistan. Curr. World Environ. 13 (2), 242-250. doi:10.12944/cwe.13.2.09

Akoto, O., Andoh, H., Darko, G., Eshun, K., and Osei-Fosu, P. (2013). Health risk
assessment of pesticides residue in maize and cowpea from Ejura, Ghana.
Chemosphere 92 (1), 67-73. doi:10.1016/j.chemosphere.2013.02.057

Anastassiades, M., Lehotay, S. J., Stajnbaher, D., and Schenck, F. J. (2003). Fast
and easy multiresidue method employing acetonitrile extraction/partitioning and
“dispersive solid-phase extraction” for the determination of pesticide residues in
produce. J. AOAC Int. 86 (2), 412-431. doi:10.1093/jaoac/86.2.412

APVMA (2022). Acceptable daily intakes (ADI) for agricultural and veterinary
chemicals used in food producing crops or animals, 2022. ed. (Australia: Australian
Pesticide and Veterinary Medicines Authority Canberra).

Bagheri, H,, Yamini, Y., Safari, M., Asiabi, H., Karimi, M., and Heydari, A. (2016).
Simultaneous determination of pyrethroids residues in fruit and vegetable samples
via supercritical fluid extraction coupled with magnetic solid phase extraction
followed by HPLC-UV. J. Supercrit. Fluids 107, 571-580. doi:10.1016/j.supflu.2015.
07.017

Bagi, F. F., Budakov, D. B., Bursi¢, V. P., Stojsin, V. B., Lazi¢, S. D., and Vukovig, S.
M. (2014). Efficacy of azoxystrobin for the control of cucumber downy mildew
(Pseudoperonospora cubensis) and fungicide residue analysis. Crop Prot. 61, 74-78.
doi:10.1016/j.cropro.2014.03.012

Barker, S. A. (2000). Matrix solid-phase dispersion. J. Chromatogr. A 885 (1-2),
115-127. doi:10.1016/s0021-9673(00)00249-1

Capriotti, A. L., Cavaliere, C., Foglia, P., Samperi, R., Stampachiacchiere, S.,
Ventura, S., et al. (2015). Recent advances and developments in matrix solid-phase
dispersion. TrAC Trends Anal. Chem. 71, 186-193. doi:10.1016/j.trac.2015.03.012

Chen, L, Jia, C, Li, F, Jing, J., Yu, P,, He, M,, et al. (2018). Dissipation and
residues of fluazinam and dimethomorph in potatoes, potato plants, and soil,
determined by QUEChERS ultra-performance liquid chromatography tandem mass
spectrometry. Environ. Sci. Pollut. Res. 25 (32), 32783-32790. doi:10.1007/s11356-
018-3281-7

Chen, M.-F,, Chien, H.-P., Wong, S.-S., and Li, G.-C. (2004). Dissipation of the
fungicide azoxystrobin in Brassica vegetables. Plant Prot. Bull. (Taipei) 46, 123-130.

Commission, E. (2019). Analytical quality control and method validation
procedures for pesticide residues analysis in food and feed. SANTE/12682/2019.

Diez, C., Traag, W., Zommer, P., Marinero, P., and Atienza, J. (2006).
Comparison of an acetonitrile extraction/partitioning and “dispersive solid-
phase extraction” method with classical multi-residue methods for the
extraction of herbicide residues in barley samples. J. Chromatogr. A 1131 (1-2),
11-23. doi:10.1016/j.chroma.2006.07.046

Farooq, S., Wu, H,, Nie, ., Ahmad, S., Muhammad, I, Zeeshan, M., et al. (2022).
Application, advancement and green aspects of magnetic molecularly imprinted
polymers in pesticide residue detection. Sci. Total Environ. 804, 150293. doi:10.
1016/j.scitotenv.2021.150293

FAO JMPR Experts (2002). Submission and evaluation of pesticide residues data
for the estimation of Maximum Residue Levels in food and feed. Rome, Italy: FAO.
Hanafi, A., Garau, V. L., Caboni, P., Sarais, G., and Cabras, P. (2010). Minor crops
for export: A case study of boscalid, pyraclostrobin, lufenuron and lambda-

cyhalothrin residue levels on green beans and spring onions in Egypt.
J. Environ. Sci. Health Part B 45 (6), 493-500. doi:10.1080/03601234.2010.493466

Hasnaki, R., Ziaee, M., and Mahdavi, V. (2022). Pesticide residues in corn and soil
of corn fields of Khuzestan, Iran, and potential health risk assessment. J. Food
Compos. Analysis 115, 104972. doi:10.1016/j.jfca.2022.104972

Frontiers in Chemistry

12

10.3389/fchem.2022.1084350

Hou, F., Zhao, L., and Liu, F. (2016). Residues and dissipation of chlorothalonil
and azoxystrobin in cabbage under field conditions. Int. J. Environ. Anal. Chem. 96
(12), 1105-1116. doi:10.1080/03067319.2016.1233969

Hu, J., Wu, F,, Wy, S, Cao, Z,, Lin, X., and Wong, M. H. (2013). Bioaccessibility,
dietary exposure and human risk assessment of heavy metals from market
vegetables in Hong Kong revealed with an in vitro gastrointestinal model.
Chemosphere 91 (4), 455-461. doi:10.1016/j.chemosphere.2012.11.066

Jehangir, M., Ahmed, D., Ahmed, M., and Naeem, M. (2020). Validated stability
indicating HPLC and UFLC assay for the determination of azithromycin:
Application to solid dosage and biological samples. Lat. Am. J. Pharm. 39 (8),
1491-1499.

Kaihara, A., Yoshii, K., Tsumura, Y., Ishimitsu, S., and Tonogai, Y. (2002). Multi-
residue analysis of 18 pesticides in fresh fruits, vegetables and rice by supercritical
fluid extraction and liquid chromatography-electrospray ionization mass
spectrometry. J. Health Sci. 48 (2), 173-178. doi:10.1248/jhs.48.173

Khosrowshahi, E. M., Farajzadeh, M. A., Tuzen, M., Mogaddam, M. R. A, and
Nemati, M. (2021). Application of magnetic carbon nano-onions in dispersive
solid-phase extraction combined with DLLME for extraction of pesticide residues
from water and vegetable samples. Anal. Methods 13 (32), 3592-3604. doi:10.1039/
d1ay00861g

Kim, S.-W., Ha, K.-C,, Choi, E.-K,, Jung, S.-Y., Kim, M.-G., Kwon, D.-Y,, et al.
(2013). The effectiveness of fermented turmeric powder in subjects with elevated
alanine transaminase levels: A randomised controlled study. BMC Complement.
Altern. Med. 13 (1), 58. doi:10.1186/1472-6882-13-58

Kumari, D., and John, S. (2019). Health risk assessment of pesticide residues in
fruits and vegetables from farms and markets of Western Indian Himalayan region.
Chemosphere 224, 162-167. doi:10.1016/j.chemosphere.2019.02.091

Lee, J., Kim, L., Shin, Y., Lee, J., Lee, J., Kim, E., et al. (2017). Rapid and
simultaneous analysis of 360 pesticides in Brown rice, spinach, orange, and potato
using microbore GC-MS/MS. J. Agric. Food Chem. 65 (16), 3387-3395. doi:10.1021/
acs.jafc.7b00576

Machado, I, Dol, I, Rodriguez-Arce, E., Cesio, M. V., and Pistén, M. (2016).
Comparison of different sample treatments for the determination of As, Cd, Cu, Ni,
Pb and Zn in globe artichoke (Cynara cardunculus L. subsp. Cardunculus).
Microchem. J. 128, 128-133. doi:10.1016/j.microc.2016.04.016

Malhat, F.,, Almaz, M., Arief, M., El-Din, K., and Fathy, M. (2012). Residue and
dissipation dynamics of lufenuron in tomato fruit using QuEChERS methodology.
Bull. Environ. Contam. Toxicol. 89 (5), 1037-1039. doi:10.1007/s00128-012-0823-4

Mudge, E., Chan, M., Venkataraman, S., and Brown, P. N. (2016). Curcuminoids
in turmeric roots and supplements: Method optimization and validation. Food
Anal. Methods 9 (5), 1428-1435. doi:10.1007/s12161-015-0326-0

Musarurwa, H., and Tavengwa, N. T. (2021). Deep eutectic solvent-based
dispersive liquid-liquid micro-extraction of pesticides in food samples. Food
Chem. 342, 127943. doi:10.1016/j.foodchem.2020.127943

Nakata, H., Kawazoe, M., Arizono, K., Abe, S., Kitano, T., Shimada, H., et al.
(2002). Organochlorine pesticides and polychlorinated biphenyl residues in
foodstuffs and human tissues from China: Status of contamination, historical
trend, and human dietary exposure. Archives Environ. Contam. Toxicol. 43 (4),
0473-0480. doi:10.1007/s00244-002-1254-8

Narenderan, S., Meyyanathan, S., Karri, V. V. S. R, Babu, B, and Chintamaneni,
P. (2019). Multivariate response surface methodology assisted modified QUEChERS
extraction method for the evaluation of organophosphate pesticides in fruits and
vegetables cultivated in Nilgiris, South India. Food Chem. 300, 125188. doi:10.1016/
j.foodchem.2019.125188

Nasiri, M., Ahmadzadeh, H., and Amiri, A. (2020). Sample preparation and
extraction methods for pesticides in aquatic environments: A review. TrAC Trends
Anal. Chem. 123, 115772. doi:10.1016/j.trac.2019.115772

Panhwar, A. A, and Sheikh, S. A. (2013). Assessment of pesticide residues in
cauliflower through gas chromatography-uECD and high performance liquid
chromatography (HPLC) analysis. Int. J. Agric. Sci. Res. 3 (1), 7-16.

Pashaei, Y., Daraei, B., and Shekarchi, M. (2020). Magnetic-dispersive solid phase
extraction based on graphene oxide-Fe304 nanocomposites followed by high
performance liquid chromatography-fluorescence for the preconcentration and
determination of terazosin hydrochloride in human plasma. J. Chromatogr. Sci. 58
(2), 178-186. doi:10.1093/chromsci/bmz085

Qadir, M. A., Ahmed, M., Shafig, M. I, Ali, A, and Sadiq, A. (2016). Analytical
method for the identification and assay of kojic acid, methylparaben, and
propylparaben in cosmetic products using UPLC: Application of ISO 12787:
2011 standard. J. aoac Int. 99 (5), 1191-1196. doi:10.5740/jaoacint.16-0026

frontiersin.org


https://doi.org/10.1016/j.arabjc.2012.03.003
https://doi.org/10.1007/s12161-016-0534-2
https://doi.org/10.1002/sscp.202000063
https://doi.org/10.12944/cwe.13.2.09
https://doi.org/10.1016/j.chemosphere.2013.02.057
https://doi.org/10.1093/jaoac/86.2.412
https://doi.org/10.1016/j.supflu.2015.07.017
https://doi.org/10.1016/j.supflu.2015.07.017
https://doi.org/10.1016/j.cropro.2014.03.012
https://doi.org/10.1016/s0021-9673(00)00249-1
https://doi.org/10.1016/j.trac.2015.03.012
https://doi.org/10.1007/s11356-018-3281-7
https://doi.org/10.1007/s11356-018-3281-7
https://doi.org/10.1016/j.chroma.2006.07.046
https://doi.org/10.1016/j.scitotenv.2021.150293
https://doi.org/10.1016/j.scitotenv.2021.150293
https://doi.org/10.1080/03601234.2010.493466
https://doi.org/10.1016/j.jfca.2022.104972
https://doi.org/10.1080/03067319.2016.1233969
https://doi.org/10.1016/j.chemosphere.2012.11.066
https://doi.org/10.1248/jhs.48.173
https://doi.org/10.1039/d1ay00861g
https://doi.org/10.1039/d1ay00861g
https://doi.org/10.1186/1472-6882-13-58
https://doi.org/10.1016/j.chemosphere.2019.02.091
https://doi.org/10.1021/acs.jafc.7b00576
https://doi.org/10.1021/acs.jafc.7b00576
https://doi.org/10.1016/j.microc.2016.04.016
https://doi.org/10.1007/s00128-012-0823-4
https://doi.org/10.1007/s12161-015-0326-0
https://doi.org/10.1016/j.foodchem.2020.127943
https://doi.org/10.1007/s00244-002-1254-8
https://doi.org/10.1016/j.foodchem.2019.125188
https://doi.org/10.1016/j.foodchem.2019.125188
https://doi.org/10.1016/j.trac.2019.115772
https://doi.org/10.1093/chromsci/bmz085
https://doi.org/10.5740/jaoacint.16-0026
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2022.1084350

Mujahid et al.

Rai, S, Singh, A. K,, Srivastava, A., Yadav, S., Siddiqui, M. H., and Mudiam, M. K.
R. (2016). Comparative evaluation of QUEChERS method coupled to DLLME
extraction for the analysis of multiresidue pesticides in vegetables and fruits by gas
chromatography-mass spectrometry. Food Anal. Methods 9 (9), 2656-2669. doi:10.
1007/512161-016-0445-2

Stephen, O., Duke, P. K., and Solomon, Keith (2017). in Pesticide dose: Effects on
the environment and target and non-target organisms (Washington, DC: ACS
Publications), 1-13.

Syed, J. H,, Alamdar, A., Mohammad, A., Ahad, K., Shabir, Z., Ahmed, H., et al.
(2014). Pesticide residues in fruits and vegetables from Pakistan: A review of the
occurrence and associated human health risks. Environ. Sci. Pollut. Res. 21 (23),
13367-13393. doi:10.1007/s11356-014-3117-z

Ueno, E., Oshima, H., Saito, 1., Matsumoto, H., and Nakazawa, H. (2004).
Multiresidue analysis of pesticides in agricultural products by GC-ECD after
GPC and graphitized carbon column cleanup. J. Food Hyg. Soc. Jpn. 45 (4),
212-217. doi:10.3358/shokueishi.45.212

Ul-Haq, I, Ahmed, E., Sharif, A, Ahmed, M. and Ahmad, W. (2021).
Optimization of ultrasound-assisted extraction of essential and non-essential/
toxic trace metals in vegetables and their determination by FAAS and ICP-oes:
An evaluation of human health risk. Food Anal. Methods 14, 2262-2275. doi:10.
1007/s12161-021-02062-9

Veloo, K. V., and Ibrahim, N. A. S. (2021). Analytical extraction methods and
sorbents’ development for simultaneous determination of organophosphorus
pesticides’” residues in food and water samples: A review. Molecules 26 (18),
5495. doi:10.3390/molecules26185495

Frontiers in Chemistry

13

10.3389/fchem.2022.1084350

Wright, L. E,, Frye, ]. B,, Gorti, B, Timmermann, B. N., and Funk, J. L. (2013).
Bioactivity of turmeric-derived curcuminoids and related metabolites in
breast cancer. Curr. Pharm. Des. 19 (34), 6218-6225. doi:10.2174/
1381612811319340013

Wu, M, Chen, G,, Liu, P., Zhou, W,, and Jia, Q. (2016). Polydopamine-based
immobilization of a hydrazone covalent organic framework for headspace solid-
phase microextraction of pyrethroids in vegetables and fruits. J. Chromatogr. A
1456, 34-41. doi:10.1016/j.chroma.2016.05.100

Yang, Y., Zhang, F.-S,, Li, H.-F,, and Jiang, R.-F. (2009). Accumulation of
cadmium in the edible parts of six vegetable species grown in Cd-contaminated
soils. J. Environ. Manag. 90 (2), 1117-1122. doi:10.1016/j.jenvman.2008.
05.004

Yeganeh, M., Farzadkia, M., Jafari, A. J., Sobhi, H. R,, Esrafili, A., and Gholami, M.
(2022). Application of a magnetic solid-phase extraction method using a novel
magnetic metal organic framework nanocomposite for extraction of malathion and
diazinon pesticides from environmental water samples. Microchem. J. 183, 108082.
doi:10.1016/j.microc.2022.108082

Zhang, S., Ange, K. U, Ali, N, Yang, Y., Khan, A,, Ali, F, et al. (2022).
Analytical perspective and environmental remediation potentials of magnetic
composite nanosorbents. Chemosphere 304, 135312. doi:10.1016/j.chemosphere.
2022.135312

Zuluaga, M., Yathe-G, L., Rosero-Moreano, M., and Taborda-Ocampo, G. (2021).
Multi-residue analysis of pesticides in blood plasma using hollow fiber solvent bar
microextraction and gas chromatography with a flame ionization detector. Environ.
Toxicol. Pharmacol. 82, 103556. doi:10.1016/j.etap.2020.103556

frontiersin.org


https://doi.org/10.1007/s12161-016-0445-2
https://doi.org/10.1007/s12161-016-0445-2
https://doi.org/10.1007/s11356-014-3117-z
https://doi.org/10.3358/shokueishi.45.212
https://doi.org/10.1007/s12161-021-02062-9
https://doi.org/10.1007/s12161-021-02062-9
https://doi.org/10.3390/molecules26185495
https://doi.org/10.2174/1381612811319340013
https://doi.org/10.2174/1381612811319340013
https://doi.org/10.1016/j.chroma.2016.05.100
https://doi.org/10.1016/j.jenvman.2008.05.004
https://doi.org/10.1016/j.jenvman.2008.05.004
https://doi.org/10.1016/j.microc.2022.108082
https://doi.org/10.1016/j.chemosphere.2022.135312
https://doi.org/10.1016/j.chemosphere.2022.135312
https://doi.org/10.1016/j.etap.2020.103556
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2022.1084350

	Modified matrix solid phase dispersion-HPLC method for determination of pesticide residue in vegetables and their impact on ...
	1 Introduction
	2 Experimental
	2.1 Reagents and solutions
	2.2 Sample collection and pre-treatment
	2.3 Sample extraction
	2.3.1 Solid phase extraction

	2.4 Chromatography
	2.5 Method validation
	2.6 Human health risk assessment

	3 Results and discussion
	3.1 Chromatography
	3.2 Method validations
	3.3 Application to real samples
	3.4 Human health risk assessment
	3.5 Advantages of the MSPD-HPLC method

	4 Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher’s note
	References


