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Abstract In this study, an optimized QuEChERS sample
preparation method was developed to analyze residues of six
parabens: methyl-, ethyl-, n-propyl-, isopropyl-, n-butyl-, and
isobutylparaben in five fresh-cut vegetables (potato, broccoli,
carrot, celery, and cabbage) with high-performance liquid
chromatography—tandem mass spectrometry (HPLC-MS/
MS). Homogenized samples were extracted using acetonitrile,
and the extracts were cleaned with the novel sorbent multi-
walled carbon nanotubes (MWCNTs). MWCNTs provided
84-94% removal of chlorophyll and lower matrix effects
(MEs) compared to commonly used primary-secondary-
amine (PSA) sorbent. Selected parabens were separated by
HPLC with isocratic elution using acetonitrile and 0.1% (v/
v) formic acid solution and determined by triple quadrupole
MS/MS. The method validation results showed that recoveries
were at 70—-120% with RSDs <20%. Calibration curves
showed linear responses of six parabens with R* > 0.99.
Fifty fresh-cut vegetable samples from different farmer mar-
kets in Beijing, China were collected to measure the paraben
residues, and only one sample was tested positive with
methylparaben concentration at 81 pg/kg.
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Introduction

With rapid development of fast-food industry, consumer de-
mand for fresh-cut vegetables has been soaring in the recent
decades. According to the definition of the International
Fresh-cut Produce Association (IFPA), “fresh-cut produce is
any fresh fruit or vegetable or combination of thereof physi-
cally altered from its original form, but remaining in a fresh
state. These fruits and vegetables have been trimmed, peeled,
washed and cut into 100% usable product that is bagged or
prepackaged to offer consumers high nutrition, convenience
and value while still maintaining freshness” (http:/www.
creativew.com/sites/ifpa/about.html). Processing vegetables
and fruits may result in degradation of color, texture, and
flavor. In order to extend a practical shelf life, various
preservatives, including parabens, are utilized.

Parabens are alkyl esters of p-hydroxybenzoic acid, which
plays an important role as an antimicrobial preservative in
foodstuft, among which methylparaben, ethylparaben, n-
propylparaben, isopropylparaben, n-butylparaben, and
isobutylparaben are the most commonly used compounds in
the group. They are widely applied in food products such as
meat and milk products, seafood, fresh-cut vegetables, and
others due to their low cost, high water solubility, and broad
spectrum antimicrobial properties. As a result, the consump-
tion of parabens is considerable.

However, studies have shown that parabens may have ad-
verse human health effects. For example, Byford and Zhang’s
studies showed that parabens’ estrogenic effect was related to
human breast cancer cells (Byford et al. 2002; Zhang et al.


http://www.creativew.com/sites/ifpa/about.html
http://www.creativew.com/sites/ifpa/about.html
mailto:canpingp@cau.edu.cn
mailto:canpingp@cau.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1007/s12161-017-0970-7&domain=pdf

Food Anal. Methods (2017) 10:3972-3979

3973

2013). Meanwhile, other studies have confirmed the estrogen-
ic effect of parabens and demonstrated altering hormone sig-
naling and gene expression (Routledge et al. 1998; Terasaka
et al. 2006; Vo et al. 2011; Wrobel and Gregoraszczuk 2014).
Aker (Aker et al. 2016) also reported endocrine-disrupting
effect of parabens on thyroid and reproductive hormones dur-
ing pregnancy.

Because of these effects, researchers in recent years focused
on detection of paraben compounds in foodstuftf. One survey for
cereal products, meat, seafood, eggs, dairy products, bean prod-
ucts, vegetables, fruits, etc. was conducted to evaluate occur-
rence of parabens and to determine their concentrations using
high-performance liquid chromatography—tandem mass spec-
trometry (HPLC-MS/MS) detection, and nearly all of the food
samples contained at least one kind of paraben and the total
concentrations (sum of methyl-, ethyl-, n-propyl-, n-butyl-, ben-
zyl-, and heptylparaben) ranged from below the limit of quanti-
fication (LOQ) to 2530 ng/g fresh weight, with an overall mean
value of 39 ng/g (Liao et al. 2013). In addition to analysis in
foods, study on maternal and fetal exposure to parabens reported
their occurrence in the human umbilical-cord blood in a multi-
ethnic urban US population, where five parabens (methyl-, eth-
yl-, n-propyl-, n-butyl-, and benzylparaben) were detected at a
concentration of 25 ng/L to <0.01 ng/L (Pycke et al. 2015).
Therefore, despite regions and ethnicities, the exposure of
parabens is a worldwide phenomenon. The US Food and
Drug Administration (FDA) has approved methyl-, propyl-,
and butylparaben as synthetic flavoring substances and adju-
vants (21 CFR 172.515) in beverages, in amounts not to exceed
20 mg/kg, and this is the only regulation we found related to
foods. Because of ubiquitous human exposure to parabens, more
studies emerged on developing new methods for their analysis
and monitoring their residues.

For example, the residues of four parabens (methyl-, ethyl-,
n-propyl-, and n-butylparaben) in seafood were analyzed
using matrix solid-phase dispersion (MSPD) combined with
gas chromatography—mass spectrometry (GC-MS) (Djatmika
etal. 2016) and pressurized liquid extraction (PLE) combined
with liquid chromatography quadrupole linear ion trap-
tandem mass spectrometry (LC-QqLIT-MS/MS) (Han et al.
2016a). The determination of parabens in serum (Tahan
et al. 2016) and human milk (Rodriguez-Gomez et al. 2015)
was reported using liquid-liquid extraction and ultrasound-
assisted extraction combined with HPLC-MS/MS detection.
The residue analysis of parabens in pharmaceuticals (Moreta
etal. 2015), cosmetics, and foods (Zhang et al. 2005) has been
developed as well. Zhang’s study employed HPLC coupled
with chemiluminescence detection and tested processed food
like orange juice, soy sauce, vinegar, coca soda, and others
with long shelf lives which contained far low concentration of
methyl- and ethylparaben in soy sauce (Zhang et al. 2005).

Recently, Zhou (Zhou et al. 2015) reported a residue anal-
ysis method of 18 preservatives including four parabens

(methyl-, ethyl-, n-propyl-, and n-butylparaben) in some veg-
etables (radish, tomato, cabbage, cowpea, and cucumber). The
samples were extracted with 20 mL hexane—ethyl acetate (1:2,
v/v) and 4 mL 2 mol/L ammonium acetate solution, and dis-
persive solid phase extraction (d-SPE) cleanup with primary
secondary amine (PSA) and anhydrous magnesium sulfate
(MgS0,) was conducted after the supernatant was concentrat-
ed by rotary vacuum evaporator, following by the final-extract
analysis with UHPLC-MS/MS. This method achieved high
analytical sensitivity, but it was time-consuming due to the
concentration steps during the sample preparation.

QuEChERS (quick, easy, cheap, effective, rugged, and safe)
method, which was first reported in 2003 (Anastassiades et al.
2003), has become the most prevalent method for determina-
tion of chemical residues in fruits and vegetables
(Anastassiades et al. 2003; Gonzalez-Curbelo et al. 2015;
Schenck and Hobbs 2004). In the QuEChERS approach, dif-
ferent kinds of sorbents, such as PSA, C,s, graphitized carbon
black (GCB), alumina, cyanopropyl (Olsson et al. 2014), and
aminopropyl (Mezcua et al. 2009), are used in the d-SPE clean-
up procedure to remove co-extractive interferences (Gonzalez-
Curbelo et al. 2015). PSA effectively removes polar interfer-
ences such as fatty acids, organic acids, pigments etc., while
GCB helps to retain pigments yet may result in high matrix
effects (MEs) for some compounds (Gonzalez-Curbelo et al.
2011; Wang et al. 2009; Wilkowska and Biziuk 2011).

Carbon nanotubes (CNTs) are a type of novel carbonaceous
material first reported by lijima in 1991 (Iijima 1991), and
MWCNTs (multi-walled carbon nanotubes) are a kind of the
nanotube material which has an excellent absorbing capacity
due to its varying porosity and big surface areas. MWCNTs
have been successfully applied in the QUuEChERS procedure
to remove interferences in vegetable matrices for pesticide-
residue analysis (Zhao et al. 2012; Fan et al. 2014; Han et al.
2016¢; Han et al. 2015; Pyrzynska 2011; Qin et al. 2015).

The purpose of this study was to develop a fast, easy, and
efficient residue-analysis method for six parabens: methyl-,
ethyl-, n-propyl-, isopropyl-, n-butyl-, and isobutylparaben
in representative fresh-cut vegetables. The QUEChERS meth-
od and the novel sorbent MWCNTs were tested in sample
preparation, and cleanup with MWCNTs was investigated.
Additionally, two parabens (isopropylparaben and
isobutylparaben) that were not investigated before were in-
cluded in method development.

Materials and Methods
Materials
Ultra-pure water was prepared with a Milli-Q water purifica-

tion system from Millipore, USA. HPLC-grade acetonitrile
and PSA were both obtained from CNW Technologies
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GmbH (Germany). Analytical reagent grade sodium chloride
(NaCl) was obtained from Sinopharm Chemical Reagent
(Beijing, China). MgSO,4 was obtained from Xilong
Chemical Co. Ltd. (Beijing, China). MWCNTs (average di-
ameter of 10-20 nm) were provided by Tianjin Bonna-Agela
(Tianjin, China). An ultraviolet spectrophotometer (TU-1900)
was used for detection of ultraviolet absorption.

Paraben standards (methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl) were purchased from Sinopharm Chemical
Reagent with purity of 98.5%. Individual standard stock solu-
tions were prepared at 1000 mg/L in a 20-mL flask in HPLC-
grade acetonitrile. The standard mixture stock solution of the
six target analytes was prepared at 100 mg/L in MeCN and
was used for the preparation of matrix-matched standard so-
lution and also for fortification. All of them were stored at
=20 °C.

Sample Collection and Pre-treatment

Fresh-cut vegetables, including cabbage, carrot, celery, and
potato, as well as broccoli, were purchased from different
supermarkets located in three different districts (Haidian,
Xicheng, and Dongcheng) in Beijing, China. Ten samples
were collected for each kind of vegetable. These fresh-cut
vegetables were homogenized using a MJ-BL25B2 mill
(Media Ltd., Beijing, China), and the test portion was taken
for determination of parabens’ residues. All of the samples
were stored at —20 °C until analysis.

Sample Preparation

Sample preparation was based on the QUEChERS method.
The homogenized sample (10.0 g) was weighed into a
50-mL centrifuge tube. For the fortification experiments, the
samples were spiked with mixture solution of the six parabens
(methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl) and
allowed to stand at room temperature for 15 min. Then,
10 mL of acetonitrile (with 1% formic acid) was added, and
the tubes were vigorously vortexed for 1 min using a Targin
VX-III Multi-Tube Vortexer. After vortexing, 1.0 g NaCl as
well as 4 g anhydrous MgSO, were added into the tube suc-
cessively, which was cooled in icy water bath immediately.

Table 1  Parameters for six parabens analysis by HPLC-MS/MS.

Once the tubes were cooled down (for about 3 min), they were
vortexed for 1 min and centrifuged at 3800 rpm (2260 rcf) for
5 min. Then, 1 mL organic phase (upper layer) was transferred
into a 2-mL micro-centrifuge tube with previously weighed
5 mg MWCNTs as well as 150 mg anhydrous MgSO,. The
mixture was vortexed for 30 s and then centrifuged at
10,000 rpm (4472 rcf) for 1 min. The upper layer was filtered
through a 0.22-pum nylon filter membrane into an LC
autosampler vial for HPLC-MS/MS analysis.

HPLC-MS/MS Conditions

An Agilent 6410B Triple Quadrupole HPLC-MS/MS
(Agilent Technologies, USA) was employed, equipped with
a HPLC reverse-phase C;g column
(50 mmx 2.1 mm x 3.5 pum particle size). The flow rate
was 0.2 mL/min. Isocratic elution was performed with ace-
tonitrile as mobile phase A and 0.1% formic acid in ultrapure
water as mobile phase B by a ratio of 40:60 in a 9-min run.
The HPLC column was washed using gradient washing pro-
gram after each sequence of about 30 injections to avoid the
possible occurrence of ghost peaks. Mass spectrometry was
carried out in multiple reaction monitoring (MRM) mode
with negative electrospray ionization (ESI-). All the param-
eters for MRM transitions and collision energies (listed in
Table 1) were optimized in order to obtain highest sensitivity
and selectivity.

Method Validation

To evaluate trueness and precision of the method, a fortified
recovery study of the six parabens in the five representative
vegetables (cabbage, carrot, celery, potato, and broccoli) was
conducted at four spiking levels: 0.05, 0.1, 0.5, and 1.0 mg/kg,
and with five replicates at each level. The samples were spiked
before the sample preparation. Matrix-matched calibration
curves were prepared and applied for accurate quantification
of the six parabens in different vegetable samples. The forti-
fied recoveries and relative standard deviation (RSD) were
calculated for each analyte, and the results were assessed in
compliance with the European Union Guidelines SANTE/
11945/2015, which requires the average recoveries at 70—

Paraben Precursor/quantitative ion (m/z) Precursor/qualitative ion (m/z) Retention time (min) Collision energy (CE) (V)
Methyl-p-hydroxybenzoate 151/92 151/136 1.81 16/21
Ethyl-p-hydroxybenzoate 165/92 165/137 2.56 16/24
n-Propyl-p-hydroxybenzoate ~ 179/92 179/136 3.96 12/21
Isopropyl-p-hydroxybenzoate  179/137 179/93 3.77 10/23
n-Butyl-p-hydroxybenzoate 193/137 193/93 6.70 23/10
Isobutyl-p-hydroxybenzoate ~ 193/92 193/136 6.51 19/25
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Fig. 1 The MRM chromatogram of six parabens at the optimized HPLC-MS/MS conditions. (a) Methyl. (b) Ethyl. (¢) n-Propyl. (d) Isopropyl. (e) n-
Butyl. (/') Isobutyl. For each analyte, the subscript number “/” represents the quantitative ion and “2” represents the qualitative ion

120% with RSD <20%. The LOQ was set at the lowest spik-
ing concentration that had satisfactory recovery and precision.

The linearity of calibration curves for each analyte was
studied by HPLC-MS/MS analysis of five calibration solu-
tions at concentrations of 0.05, 0.1, 0.5, 1.0, and 2.0 mg/L
both in pure solvent (MeCN) and in matrix extracts. MEs were
calculated as slope ratios using the following equation:
90ME = 100% x (slopemauix/slopemecn — 1) (Han et al. 2015).

Results and Discussion
Optimization of LC-MS/MS Conditions

Since the six parabens have similar chemical structures, espe-
cially two pair of isomers (n-/iso-propylparabens and the n-/
iso-butylparabens), they share the same precursor ions and
similar retention times as shown in Table 1. In order to get
accurate identification and quantification of these analytes, the
LC conditions were optimized. Both gradient and isocratic
elution conditions for the LC separation of the six parabens
were investigated, and the elution results at different volume
ratio of mobile phase A/B at isocratic 90:10, 80:20, 70:30,
60:40, 50:50, 40:60, and 30:70 were compared. It was found
that in most cases, the two pairs of isomers (n-/iso-propyl and
n-/iso-butyl) eluted at the same retention time, which made it
impossible to identify them by retention time only. Also, we
did not achieve better separation even when the gradient elu-
tion programs were used, whereas the running time was more
than 15 min and even longer if the equilibrium time was con-
sidered. When the isocratic elution method at A/B = 40:60
was used, the best separation for the two pairs of isomers

was achieved with the retention time difference of about
0.2 min and the LC run time of 9 min. Considering that the
isocratic mobile phase does not elute all the matrix compo-
nents in the same chromatogram, in order to avoid the poten-
tial influence of ghost peaks in the chromatogram, the HPLC
column was washed using a gradient washing program after
each sequence of about 30 injections of each matrix.

Optimization of MS/MS conditions for each analyte in-
volved selecting precursor ions in full scan spectra and prod-
uct ions with the highest responses at optimized collision en-
ergy voltages. Figure 1 shows a typical MRM chromatogram
of the six parabens at the optimized HPLC-MS/MS condi-
tions. In all previous publications on parabens’ analysis
(Djatmika et al. 2016; Han et al. 2016a; Rodriguez-Gomez
et al. 2015; Zhang et al. 2005; Zhou et al. 2015), only four
parabens, methyl-, ethyl-, n-propyl-, and n-butylparabens,
were analyzed, but isopropyl- and isobutylparabens were not
included. Because these isomers have similar MRM transi-
tions and can co-elute at most of LC separation settings, LC
conditions allowing their separation are critical to avoid
misidentification.

Sample Preparation

With the purpose of developing fast, easy, and reliable
residue-analysis method of six selected parabens in vegeta-
bles, the QUEChERS approach was applied in this study. As
described in the sample preparation section, 10 g of sample
was extracted with 10 mL of MeCN and 1.0 g NaCl as well as
4 g anhydrous MgSO, were used for the salting-out step. The
recoveries were found to be satisfactory for all six parabens in
five representative vegetables.

@ Springer
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Fig. 2 Pictures of five matrices extracts after cleanup with MWCNTs (@), PSA (), and no cleanup (c)

For dispersive-SPE cleanup procedure, an appropriate sor-
bent is expected to adsorb co-extractive interferences from the
matrix extracts, but not influence the targeted analytes. It was
shown that 50 mg PSA and 150 mg anhydrous MgSO, was
efficient enough for the cleanup of vegetables (Anastassiades
et al. 2003; Cherta et al. 2013). In previous studies, 5 mg of
novel sorbent MWCNTs was successfully applied for
pesticide-residue analysis in spinach and cauliflower (Fan
et al. 2014), organic spinach (Qin et al. 2016), and cowpea
(Han et al. 2016¢) with satisfactory recoveries for most
analytes (pesticides) as well as removal of pigments from
colored vegetables. Therefore, in this study, 50 mg PSA and
5 mg MWCNTs were both compared along with 150 mg
MgSO, for 1 mL QuEChERS extracts in d-SPE cleanup.
For the assessment of cleanup of the two different sorbents,
the recoveries, MEs and the removal of pigments, were eval-
uated in five representative vegetables.

Among all co-extracted interferences that are affecting the
trueness of the analysis, pigments are visible interferences and
include chlorophyll, carotenoids, and others. Figure 2 shows
extract colors before and after cleanup with PSA and
MWCNTs. It can be clearly seen that MWCNTs achieved
better color removal than PSA, especially for carrot and broc-
coli, for which the color was significantly lighter after cleanup
with MWCNTs vs. PSA. The removal of chlorophyll and
carotenoids was determined by measuring the differences of
the UV absorbance of the sample extracts at the maximum
absorbance wavelength for chlorophyll (680 nm) and caroten-
oids (450 nm) (Han et al. 2016b; Ha et al. 2010). The removal
rate was defined as the differences of the absorbance before
and after cleanup compared to the value before the cleanup.

The removal rates in Table 2 indicated that 84-94% of
chlorophyll in the extracts was removed by MWCNTs in

Table 2 Removal rates (%) of chlorophyll (A = 680 nm) and
carotenoids (A = 450 nm) in different matrices by MWCNTs and PSA

Chlorophyll Carotenoids
Potato Broccoli Carrot Celery Cabbage Carrot
MWCNTs 46 85 - 84 94 99
PSA 55 42 - 3 54 17

@ Springer

broccoli, celery, and cabbage, while only 3—55% was removed
by PSA. Chlorophyll content in potato and carrot were very
low (the absorbance at 680 nm was only about 0.001-0.002),
and not much difference was observed after cleanup using the
two sorbents. Carrot extracts contain high amount of caroten-
oids, and the results showed that MWCNTSs removed 98% of
carotenoids in carrots, while the removal rates were only 17%
by PSA cleanup. MWCNTs showed good removal capability
for colored contents in the extracts of the five vegetables.

After the cleanup, remaining interferences in the final ex-
tracts can influence ionization of analytes in the ion source and
also may affect analyte responses. In order to compare cleanup
efficiency, MEs of the method after cleanup with two studied
sorbents were compared. Table 3 lists MEs of six parabens in
the five matrices. Usually, —20% < ME <20% was considered
to be insignificant (Zhang et al. 2016).

The results showed that for the five analytes eluting after
2 min (including ethyl, n-propyl, isopropyl, n-butyl, and
isobutyl), almost all of the MEs in the five matrices were
between —20 and 20%, except the ME of ethylparaben in
celery was 27% using PSA and was improved to 9% using
MWCNTs. But for methylparaben (#;z = 1.8 min), MEs were
relatively high. The MEs varied from 9 to —50% in the five
vegetables when PSA was used for cleanup, and the use of
MWCNTs reduced MEs to 5 to —24%. Also, the MEs for each
analyte showed either enhancement or suppression which not
only depended on the matrix, but also was related to the clean-
up sorbents. For example, the ME of methylparaben in potato

Table3 MEs (%) of the six parabens in five matrices using MWCNTs
and PSA
Paraben  Potato Broccoli  Carrot Celery Cabbage

M* PSA M* PSA M* PSA M* PSA M* PSA
Methyl -11 9 24 42 -5 -18 5 31 24 50

Bthyl -12 5 -9 -4 9 17 9 27 -16 -10
nPropyl 5 12 -2 3 4 12 9 15 -12 1
Isopropyl 2 11 -2 3 12 11 8 15 -12 2

nBuyl 3 7 4 4 -1 12 5 3 -5 14
Isobutyl 7 12 9 9 4 8 11 15 0 11

*Note: M represents MWCNTs
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showed low enhancement (9%) when PSA was used for clean-
up while it changed to suppression (—11%) when MWCNTs
were used. But overall, MWCNTs gave better cleanup than
PSA for the detection of six parabens in the five matrices.
These results also indicate that for HPLC-MS/MS, the pig-
ment (color) in the final extracts might not be the main factor
which causes MEs, especially for late-eluting analytes. In an-
other study (Zhou et al. 2015), PSA and MgSO,4 were applied
for the cleanup of vegetable extracts for the analysis of the
four parabens, and the absolute value of MEs were 4 to 78%,
which is mostly higher than in our study.

Method Validation Results

To access the reliability of the method, linearity and fortified
recoveries were investigated. Calibration curves of methyl-,
ethyl-, n-propyl-, isopropyl-, n-butyl-, and isobutylparaben
indicated linear correlations of responses vs. concentrations
within the range of 0.05 to 2.0 mg/L, and the coefficient of
determination (R?) were all greater than 0.99. Fortified recov-
ery study was conducted at four concentration levels in five
replicates, and the recoveries ranged from 81 to 113% with
RSDs lower than 11% (listed in Table 4). The LOQ of the
method was 0.05 mg/kg in all five matrices. The validation
results are acceptable by SANTE/11945/2015 for the residue-
analysis methods in foods.

Application to Real Samples

To demonstrate the applicability of the established method to
real samples, 50 fresh-cut vegetable samples, including cab-
bage, carrot, celery, and potato, as well as broccoli, were col-
lected from the farmer markets in different districts in Beijing.
The developed method was applied to analyze the residues of
the six parabens in real samples. The results showed that only
methylparaben was detected in celery sample with a concen-
tration of 81 pg/kg. All the other analytes were below LOQ.
The developed method was fast, easy, effective, and suitable
for the determination of the residue of six parabens in the
fresh-cut vegetables, which could be used in the routine
food-quality monitoring of the fresh-cut foods.

Conclusions

In this study, modified QuEChERS method with HPLC-MS/
MS detection was developed and evaluated to analyze the
residual quantities of six parabens in five fresh-cut vegetables
(cabbage, carrot, celery, potato, and broccoli). The results in-
dicated that MWCNTs can be used as an effective d-SPE
sorbent in the QUEChERS method and it demonstrated high
removal rates for chlorophyll and carotenoids in the extracts of
different matrices, especially colored vegetables. The method

Table 4 Fortified recoveries and RSDs of six parabens in five matrices (n = 5)
Matrix Concentration % Recoveries (% RSD)
(mg/kg)
methyl- ethyl- n-propyl- isopropyl- n-butyl- isobutyl-
Cabbage 1.0 98 (2) 98 (1) 96 (5) 93 (1) 97 (2) 95 (2)
0.5 86 (5) 87 (9) 93 (7) 92 (6) 94 (10) 92 (7)
0.1 98 (3) 97 (4) 96 (2) 97 (7) 99 (4) 99 (2)
0.05 88 (6) 98 (3) 96 (3) 98 (4) 100 (7) 96 (4)
Carrot 1.0 96 (2) 90 (7) 97 (5) 94 (5) 96 (2) 101 (7)
0.5 90 (3) 94 (2) 98 (1) 98 (2) 98 (3) 98 (1)
0.1 96 (8) 112 (5) 97 (3) 101 (3) 103 (5) 104 (5)
0.05 87 (2) 99 (2) 105 (2) 103 (5) 99 (6) 104 (1)
Celery 1.0 93 (8) 88 (0) 93 (1) 97 (4) 95 (3) 96 (2)
0.5 83 (2) 81(8) 86 (8) 87 (9) 86 (8) 85 (10)
0.1 89 (8) 104 (8) 99 (3) 96 (5) 96 (10) 104 (1)
0.05 90 (4) 98 (4) 95 (2) 92 (4) 101 (4) 94 (3)
Potato 1.0 89 (5) 94 (5) 94 (7) 99 (7) 97 (4) 96 (2)
0.5 89 (4) 92 (4) 95(2) 95(2) 103 (4) 97 (2)
0.1 100 (7) 98 (10) 101 (2) 103 (7) 99 (2) 95 (1)
0.05 90 (5) 95 (2) 97 (2) 96 (3) 98 (2) 97 (2)
Broccoli 1.0 102 (4) 95 (6) 97 (3) 97 (1) 101 2) 99 (2)
0.5 98 (3) 103 (4) 107 2) 107 (2) 107 2) 109 (2)
0.1 107 (2) 106 (10) 108 (3) 113 (6) 105 (7) 103 (8)
0.05 100 (10) 97 (7) 100 (6) 99 (7) 102 (7) 105 (5)
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was fast, easy, and reliable, and ultimately, the method was
applied to detect the six parabens residues in real samples, and
81 pg/kg methylparaben was detected in celery. This demon-
strates that the developed method is suitable to monitor resi-
dues of the six parabens in fresh-cut vegetables. The novel
sorbent MWCNTSs provide a suitable alternative material for
the cleanup procedure in residue analysis of the parabens in
vegetables.
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