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An UPLC- mass spectrometry method has been proposed for the screening of carbaryl residues in fresh
vegetables. Carbaryl treated samples of lettuce, cucumber and spinach were procured and analyzed for
a time period of fifteen days to find out the amount of carbaryl residue. A simple and effective liquid–liq-
uid sample extraction technique has been implemented for extraction of carbaryl. Multiple reactions
monitoring analysis mode considering two daughter transitions was used for quantitation and confirma-
tion analysis of carbaryl. The developed method has been authenticated by establishing various valida-
tion parameters including, linear ranges (0.001–5.0 mg/mL), percent recovery, reproducibility
(precision), limits of detection (0.0003 mg/mL) and limits of quantification (0.0009 mg/mL). The recoveries
were obtained in the range of 96.0 and 99.5% (RSD < 3.8%, n = 3). All fresh vegetable samples have shown
unlike carbaryl contamination for a certain time interval. The results were clearly designated that the
residue quantities of the inspected pesticide does not cross the established maximum residue limits
(MRLs).
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Lettuce, cucumber and spinach are the most widely cultivated
vegetable in the planet. Such vegetables most of the time
consumed as raw by human and animals. These
widely-cultivated vegetables provide unique health benefit,
including vitamin C, beta-carotene, flavonoids, manganese (antiox-
idant), anti-inflammatory and anti-cancer properties (Yang et al.,
2006; Zealand, 2008). Many chemical compounds have been used
for growing the agricultural commodities due to their enormous
demand in modern community. Pesticides are crucial groups of
chemicals used to control various agricultural pests. The
application of pesticides in agricultural productions has been
found highly beneficial for crop production in terms of quality
(Wang et al., 2013). However, the improper handling of pesticides
application resulting contamination of fresh vegetables, fruits and
crops. The cultivators as protectants of agricultural foodstuffs have
applied a huge amount of organophosphorus pesticides including
carbaryl (Chowdhury et al., 2014). Its uses in public health pro-
grams has also been significant route for exposure to human
(Jury et al., 1987). Carbaryl pesticides inhibit strongly interfering
with neural transmission of acetyl cholinesterase in other organ-
isms and humans as well (Mostafalou and Abdollahi, 2013). The
potentially hazard nature of the materials highly demands its con-
tinuous evaluation and monitoring (No, 1980). The carbaryl expo-
sure in the human health can be neglected by proper utilization
and adequate monitoring of such toxic chemicals (Mostafalou
and Abdollahi, 2013; Sinha et al., 2012).

Among the pesticides, research studies have focused on the
analysis of organophosphorous pesticides residues in fresh vegeta-
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bles (Mansour et al., 2009). The amount of pesticide residues in
food stuffs can be reduced by frying, boiling, and roasting. How-
ever, these chances are minimal when the crops are consumed
raw in the forms of salads or cold soups. The safety of humans from
exposure to residual pesticide in food by taking proper actions
remains a major objective (Walorczyk et al., 2013). Regarding this,
World Health Organization (WHO) and Food and Agriculture Orga-
nization (FAO) have been set the maximum residue limits (MRLs)
of pesticides in food products (Qin et al., 2016; Xu, 2018) to pre-
vent animal and human health from toxicological hazards
(Walorczyk et al., 2013).

Various methods have been conveyed in past for carbaryl deter-
mination (Hou et al., 2013; Prasad et al., 2013; Valles et al., 2012).
Comparing to others, the hyphenated techniques has shown ability
to enhance the sensitivity of pesticides analysis (Qin, et al., 2016).
In the current study, a fast, sensitive and reproducible UPLC-ESI-
MS/MS based method has been described for the determination
of carbaryl residues in the sprayed raw vegetables. The research
work will provide vital information regarding food safety to limit
the excessive application of carbaryl.

2. Experimental

2.1. Materials and method

All reagents were used of analytical rank. Methanol and ethyl
acetate were obtained from BDH chemicals company Ltd (Poole,
England). UPLC grade water was produced from Milli–Q water
purification system, Millipore Corporation (Bedford, MA, USA).
The stock solution of carbaryl standard (5 mg/mL) was prepared
in acetonitrile and stowed at 4 �C in the refrigerator. Acetonitrile,
carbaryl and florisil were procured from chemical company
(Sigma-Aldrich, St. Louis, MO, USA).

2.2. Instrumentation

An Acquity UPLC system (Waters, Manchester, UK) comprising
of an autosampler, binary solvent manager and a column ther-
mostat was exploited for the chromatographic experiment. The
separations of the target analyte was accomplished with bridged
ethyl hybrid C18 column (BEH) of dimension 50 mm � 2.1 mm i.
d, 1.7 mm particle size (Waters, Mildford, MA, USA). All solutions
to be injected were stored in the auto-sampler at 10 �C. A tandem
mass spectrometer (Micromass Quattro Premier) equipped with
electro spray Ionization (ESI) interface andMassLynx V4.1 software
(Waters, Manchester, UK) were used during the experiment. A
rotary pump by Oerlikon (Sogevac SV40 BI, France) and a nitrogen
generator (NM30LA) manufactured by Peak Scientific (Inchinann,
UK) were also used.

2.3. Real sample and storage

Five groups of unpeeled and unwashed carbaryl sprayed sam-
ples were harvested at a time intervals of one to fifteen days. Each
harvested vegetables were properly cut into pieces followed by
separated them into four subsamples of quantity 150 g each. Then
stored individually in sealed polyethylene bags at �24 �C until
their extraction.

2.4. Extraction procedure

A previously reported method was adopted in order to clean up
and preparation of real samples (Islam, et al., 2009). The procedure
briefly consisted of mixing 150 g of chopped sample of each veg-
etable with 300 mL acetonitrile and 15 g celite. The samples were
homogenized with a grinding machine and was filtrated through
Buchner funnel. The filtrate was taken in a 1000 mL separating
funnel (SF) and petroleum ether of 120 mL was mixed into with
shaking for 2.5 min. Then 12 mL saturated NaCl solution and
Milli-Q H2O (700 Ml) were added to this mixture and was shaken
(1 min). Then the mixture was allowed to stand for some time
for settling the solution mixture into two clear layer. The upper
organic layer that contains carbaryl was separated and repeatedly
washed with 150 mL Milli-Q water and 15 g anhydrous sodium
sulfate (Na2SO4) was added to it to remove any remaining aqueous
portions. The pre-concentration was made using a rotary evapora-
tor (Buchi). Florisil column was prepared by placing a piece of glass
wool inside an empty chromatographic glass column and filled
with 15 g of activated florisil (128–130 �C, 6–7 h). Additionally,
1.2 g of anhydrous Na2SO4 was spread on activated Florisil column
and was conditioned by passing 50 mL of petroleum ether. Then
the pre-concentrated extract was passed through this activated
column and the elution was performed passing a mixture of
200 mL petroleum ether and diethyl ether (50:50; v/v) at flow rate
5 mL/min. Finally, the eluent was concentrated to a certain volume
and injected after filtration with 0.22 mm PVDF syringe filter.

2.5. Validation study

The proposed methodology was authenticated by determine
linearity, run-to-run and day-to-day precision, limits of detection
(LOD), limits of quantification (LOQ) and recovery. The recovery
studies were checked by spiking carbaryl solution at two fortifica-
tion levels to carbaryl free (without treated) samples. Extraction of
both fortification levels were performed in five replicates to vali-
date the method. The precisions of the proposed methods were
also determined at two spiking levels. The detection and quantita-
tion limits and linearity were also determined from the standard
calibration curve of carbaryl.
3. Results and discussion

3.1. UPLC method optimization

Separation of carbaryl was checked using different reversed
phase column and the best results were obtained with BEH C18 col-
umn. The < 2.0 lm particle size of the column provided excellent
efficiency even at the higher flow of the mobile phases
(Alothman et al., 2012; Zou et al., 2013). A number of individual
and binary mobile phase were tested such as methanol, water, ace-
tonitrile, and a mixture of two eluents including water/methanol,
0.1% aqueous formic acid/methanol, acetonitrile/water, and ace-
tonitrile/0.1% aqueous formic acid. The intense peak with higher
peak symmetry was achieved with binary mobile phase mixture
of acetonitrile and 0.1% aqueous formic acid (50:50, v/v). Formic
acid was used to increase the ionization efficiency of the target
analytes (Alothman et al., 2012). The column oven was set at room
temperature during carbaryl analysis and the flow was set at
0.5 mL/min. The separation of carbaryl was achieved in less than
1 min.

3.2. ESI-MS/MS conditions

Standards carbaryl (1 mg/mL) were infused in combined mode
using both + Ve and -Ve ESI polarization. The positive ESI mode
was successfully produced intense analyte signal atm/z 202.2 (pre-
cursor ion) and was selected for further analysis. The optimized
MS/MS conditions for carbaryl analysis were capillary voltage,
3.1 kV; cone voltage, 21 V; source temperature, 140�C; desolvation
temperature, 250�C; cone gas flow, 50 L/h; desolvation gas flow,
500 L/h; collision gas flow, 0.20 mL/min. The multiple reaction
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monitoring (MRM) was adapted for both identification and
determination of carbaryl and two transitions were chosen includ-
ing (202.2 > 145.1) and (202.2 > 117.2). The selected parameters
for MRM acquisition are shown in Table 1, and the UPLC–MS/MS
chromatogram of carbaryl standard (1 mg/mL) is illustrated in
Fig. 1.

3.3. Method validation

The authentication of the described UPLC-MS/MS method was
assessed according to ICH guidelines (Q2 R1). The crucial factors
that affects the system suitability are signal response, signal stabil-
ity and carry over (Briscoe et al., 2007). To check these parameters,
six sets of carbaryl standard solution (1.0 mg/mL) were injected.
The relative standard deviation (RSD, %) of peak area of each
samples of carbaryl was found to be < 2.2% (n = 3) indicating good
performance of the employed system. The carryover was checked
by injecting a set of six blank solutions that reveals no carryover
peak in the chromatogram.

The linearity was determined constructing a calibration curves
for a set of carbaryl standard, 0.005, 0.001, 0.05, 0.01, 0.5, 0.1,
Table 1
The optimum MRM parameters for carbaryl analysis.

Analyte Precursor ion [M + H]+ (m/z) Quantification transition

Daughter ion (m/z) Cone voltage

carbaryl 202.2 145.1 25 V

Dwell time was 0.025 s in all cases; Ionization mode: ESI+

Fig. 1. UPLC–MS/MS chromatogram of carbaryl (1 lg/m

Table 2
Quality parameters of the proposed UPLC-MS/MS method.

Analyte LOD (mg/mL) LOQ (mg/mL)

carbaryl 0.0003 0.0009

a Relative standard deviation (n = 5).
1.0, 2.0, 5.0 mg/mL. The results show that the plot was linear over
the concentration range of 0.001 – 5.0 mg/mL with regression coef-
ficient (r2) >0.993. The LOD and LOQ of the method were calculated
considering a signal-to-noise ratio of 3 and 10 (Alothman et al.,
2012) and were found to be 0.0003 and 0.0009 mg/mL, respectively.
The very low LOQ values obviously indicates that the described
method is able to determine carbaryl even at trace level.

The repeatability and reproducibility were determined at two
different spiking levels of carbaryl (0.05 and 2.0 mg/mL). For
repeatability, five replicates of each levels were injected to the sys-
tem in the same day, while the reproducibility was evaluated by
injecting fifteen replicates of each carbaryl concentration for three
consecutive days (five replicates/day) and the were found to be less
than 4.5% (RSD, %). The values of the validation parameters have
been listed in Table 2.

To assess the usefulness of extraction and UPLC-MS/MSmethod,
recovery studies were performed. For the same, 200 g of chopped
untreated (carbaryl free) samples of fresh lettuce, cucumber and
spinach were spiked with known concentration of standard car-
baryl. Carbaryl fortified levels were 0.05 mg/kg and 2.0 mg/kg.
After fortification, the extraction experiment was executed for five
Confirmation transition

Collision energy Daughter ion (m/z) Cone voltage Collision energy

15 eV 117.2 22 V 20 eV

L) standards in MRM mode, injection volume 2 lL.

Intra-day precision (RSD, %)a Inter–day precision (RSD, %)a

Fortification levels (mg/mL)

0.05 2.0 0.05 0.5

1.7 1.9 3.9 4.5



Fig. 3. Diminution of carbaryl in lettuce, cucumber, and spinach extracts with time.
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replicates of each fortified levels and elutes were analyzed under
optimum experimental parameters. The percent recovery of car-
baryl was found to be in the range of 94.0–98.5%. The RSD of recov-
ery was lower than 4.2% for both concentration levels. The recovery
data indicates that the applied extraction method is efficient for
carbaryl extraction from the sprayed samples.

3.4. Analytical application

The proposed method was good in terms of sensitivity and
selectivity for the quantitative and qualitative analysis of residual
carbaryl in the extracts. The tandem quadruple mass spectrometry
was provided high selectivity that enabled the detection of the car-
baryl ion m/z 202.2. The quantitative diminution analysis of car-
baryl residue was performed considering the higher sensitive
transition (m/z 202.2 > 145.1), and the qualitative analysis was per-
formed using the lower sensitive transition (m/z 202.2 > 117.2) of
target compound (Fig. 1). The developed UPLC-MS/MS method was
interference free as no detectable matrix peaks were appeared at
the same retention time of carbaryl standard. To check the reliabil-
ity of the method, each real samples was spiked with known
amount (1 mg/mL) of carbaryl prior to the extraction process. The
regression slope of the added carbaryl versus the measured con-
centration of carbaryl standard were used for recovery calculation.
The recoveries of the fortified carbaryl were obtained in the range
of 96.0–99.5% with RSD below 3.8% at certain time intervals
(Table 3).
Table 3
Carbaryl residues level in sprayed lettuce, cucumber and spinach samples.

Extracted after (Days) Carbaryl ± SD (mg/g)a

Lettuce Cucumber

1 0.797 ± 0.030 0.556 ± 0.022
4 0.083 ± 0.005 0.072 ± 0.002
7 bd bd
11 nd nd
15 nd nd

a mean of three measurements; SD, Standard deviation; bd, below detection; nd, not

Fig. 2. UPLC–MS/MS chromatogram of Spinach ext
3.5. Diminution study of carbaryl residues

The maximum carbaryl residue in analyzed lettuce, cucumber
and spinach samples after one and four days of the pesticide spray
were found to be < 1.0 mg/g. A small traces of carbaryl (0.015 mg/g)
was found only in spinach samples after seven days of the
pesticides applications. However, in between 11 and 15 days, the
total disappearances of carbaryl were noticed. Fig. 2 shows the
Recovery (%)

Spinach Lettuce Cucumber Spinach

0.987 ± 0.051 98.0 97.2 99.5
0.099 ± 0.008 96.2 98.8 97.0
0.015 ± 0.0001 96.8 96.2 98.4
nd 96.5 98.0 96.6
nd 97.8 97.8 97.5

detected.

racts extracted after (A) 1-day and (B) 4-days.
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chromatogram of spinach extracts after 1 and 4 days of carbaryl
extraction. The diminution parameters of carbaryl with times are
shown by column plot in Fig. 3. The obtained results indicate that
the carbaryl residues present in the fresh vegetables extracts were
below the reported MRLs (1 mg/g) even after one day of carbaryl
spray (Qin et al., 2016; Xu, 2018).

4. Conclusions

A simple, sensitive and rapid method has been developed for
the quantitation of residual carbaryl in raw vegetables (lettuce,
cucumber and spinach). All the analytical conditioning parameters
confirm the reliability of the proposed UPLC-MS/MS method. The
maximum amount of residual carbaryl was found in the samples
analyzed after 1 day of carbaryl spraying with maximum concen-
tration 0.987 mg/g (spinach). The validation study indicates that
the method is efficient for successful analysis of carbaryl in fresh
vegetables. The proposed method is precise and might be suitable
for the repetitive analysis of carbaryl in various matrices.
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