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Abstract

In this work, a graphene oxide-based composite (DABP-GO) was prepared by aminating graphene oxide (GO) with the
diazonium salt of 4,4'-diaminobiphenyl (DABP). The DABP-GO composite was characterized by scanning electron
microscopy, infrared spectroscopy, and nitrogen adsorption-desorption. The DABP-GO showed to be an effective
solid-phase extraction (SPE) adsorbent for carbamate pesticides. A SPE method with the DABP-GO as the adsorbent
combined with high-performance liquid chromatography with ultraviolet detection was established to determine trace
carbamate residues in vegetable samples (benincasahispida and pakchoi). Under the optimal conditions, the linear range
was from 1.0 to 40.0 ng g '. The limits of detection and limits of quantitation of the six carbamates (metolcarb,
arprocarb, carbaryl, isoprocarb, fenobcarb, and diethofencarb) were 0.3-0.5 ng gfl and 0.9-1.5 ng g{1 for
benincasahispida sample and 0.5-1.0 ng g ' and 1.5-3.0 ng g ' for pakchoi sample, respectively. The relative standard
deviations (RSDs) for the intra-day precision at the analyte concentration of 40 ng g ' are from 2.3 to 8.2% (n=5) and
the inter-day RSDs (n =15) are from 4.5 to 9.2%.
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Introduction pesticides can result in the pesticide residue levels in the
vegetables higher than their maximum residue limits

The issues of pesticide residues have caused widespread  (MRLs). Since some carbamates are detrimental to the

public concerns due to the heavy use of the pesticides in
modern agriculture (Damalas and Eleftherohorinos 2011).
In recent years, carbamate insecticides have been increas-
ingly used for the control of insects, fungi, and nematode
sand mites. However, the high-dose application of the
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central nervous system and also have carcinogenic and
mutagenic effect (Casale et al. 1993), many countries
have set the MRLs for carbamates in fruit and vegetables
(David et al. 2011). Therefore, effective and quantitative
determination of carbamates in food samples at trace
levels is necessary.

To meet the requirement of instrumental detection and
also to eliminate sample matrix interferences
(Lambropoulou and Albanis 2007), sample preparation
for the enrichment and isolation of the analytes is often
necessary for the determination of trace levels of the pes-
ticide residues in real samples. Currently, a variety of
sample preparation methods have been used to enrich car-
bamates for real sample analysis, such as single-drop
microextraction (SDME) (Sarajiand Esteki 2008), disper-
sive liquid-liquid microextraction (DLLME) (Chen et al.
2010), hollow fiber solid-phase microextraction (HF-
SPME) (Song et al. 2013), solid-phase microextraction
(SPME) (Cavaliere et al. 2012), magnetic solid-phase ex-
traction (MSPE) (Li et al. 2015), cloud-point extraction
(CPE) (Santalad et al. 2009; Rahmani et al. 2018), and
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solid-phase extraction (SPE) (Wu et al. 2017). Among
them, SPE is still a most widely used sample preparation
technique.

Adsorbent is the key for an effective extraction of cer-
tain analytes in SPE. In recent years, various carbon-
based adsorbents such as graphite, carbon nanotubes, ful-
lerene, graphene (G), and graphene oxide (GO) have been
used in SPE due to their excellent adsorption capabilities
(Fang et al. 2014; Ren et al. 2011; Sitko et al. 2013; Wu
et al. 2017; Zhang et al. 2013). Among them, graphene-
based adsorbent materials have become a current research
hot point due to their excellent mechanical (Papageorgiou
et al. 2017), thermal (Ye et al. 2015), and electrochemical
properties (Rahmani et al. 2018). Graphene has the excel-
lent properties such as nanosize, thermal and chemical
stability, abundant delocalized 7t electrons, and high spe-
cific surface area (theoretical value 2630 m? gfl) (Sitko
et al. 2013). Due to its extremely high theoretical surface
area and large delocalized 7t-electron system, it can adsorb
organic molecules by generating strong 7m—7 stacking in-
teractions (Kyzas et al. 2018). Generally, the absorption
efficiency depends on the surface area, pore volume, po-
rosity, and functional groups (Ibrahim et al. 2016).
Although the theoretical specific surface area of graphene
is as high as 2630 m? g ', the actual measured value is
much smaller than the theoretical one due to the stacking
and agglomeration between the layers of graphene (Wu
et al. 2016). In order to reduce the stacking effect between
the graphene layers, an effective way is to chemically
modify the surface of graphene (Wu et al. 2016).

Similar to graphene, graphene oxide (GO) is formed by
a monolayer of carbon atoms with high surface area and
large 7-electron system. However, GO contains a large
amount of active oxygen-containing functional groups
(hydroxyl, carboxyl group, and epoxy bonds) (Sitko
et al. 2013), which make GO soluble in water. Due to
the water solubility, the direct application of graphene
oxide as an adsorbent is limited. But its oxygen functional
groups make it easy to be modified to improve its func-
tionalities, which are helpful for its use as adsorbent to
enrich organic contaminants (Li et al. 2018). Many types
of chemical reactions can occur with these functional
groups, and a variety of different functional groups can
be grafted on the surface of GO to achieve the specific
functions required (Dreyer et al. 2010). Studies have
shown that the functional groups containing nitrogen
atoms (such as amino, imine, hydrazine, amidoxime, and
imidazole groups) are useful for adsorbing organics con-
taining lone pairs of electrons (Wang et al. 2018). The
commonly used methods for GO amination mainly in-
clude in situ polymerization, direct compounding,

solvothermal synthesis, photoelectric reduction, and dia-
zonium salt reaction (Wang et al. 2018). Among them, the
diazonium salt reaction is simple and environmentally
friendly for modifying the GO surface with amino groups.
The aminated GO can reduce the water solubility of GO
and improve its adsorption characteristics for some organ-
ic compounds via strong 7t-7t stacking interaction and hy-
drogen bonds.

Wau et al. (2016) have synthesized a p-phenylenediamine
functionalized GO with the aid of the coupling reagents of 1-
ethyl-3-(3-dimethyaminopropyl) carbodiimide (EDC) and N-
hydroxyl succinimide (NHS) for the adsorption of Conge red.
Hung et al. (2014) used pressure-assisted self-assembly tech-
nique to prepare a series of graphene oxide framework mem-
branes with different diamine monomers (ethylenediamine,
butylenediamine, and p-phenylenediamine). Fang et al.
(2014) have applied diazonium salt reaction to synthesize a
GO-NH, for the removal of cobalt ions from aqueous
solution.

In this work, an aminated GO composite nanomaterial
(DABP-GO) was prepared by surface chemical modification
of the graphene oxide with 4,4'-diaminobiphenyl (DABP) as
the amination reagent. The DABP-GO was then explored as
the SPE adsorbent to enrich some carbamates from
benincasahispida and pakchoi samples. The main factors af-
fecting the extraction, including sample pH, sample loading
rate, adsorption capacity, and the type and dosage of eluent,
were investigated. Finally, a sensitive and effective method for
the determination of carbamates in vegetables was
established.

Experimental
Reagents and Materials

Graphene oxide powder was purchased from Tangshan
Jianhua Technology Development Co., Ltd. (Tangshan,
China). 4,4'-Diaminobiphenyl, sodium nitrite, and
HPLC-grade methanol were provided by Boaixin Co.
(Baoding, China). The standards of metolcarb, arprocarb,
carbaryl, isoprocarb, fenobcarb, and diethofencarb were
purchased from Aladdin Industrial Corporation
(Shanghai, China) and used without additional purifica-
tion. The individual stock solutions for each of the carba-
mates were prepared in methanol at the concentration of
1 mg mL™". The standard mixture solution at each con-
centration of 40 ug mL ™' was prepared by the dilution of
the individual stock solutions with methanol and stored at
4 °C. The water used throughout the work was ultra-pure
water prepared with a Molelement 1820D ultra-pure water

@ Springer



692

Food Anal. Methods (2020) 13:690-698

machine purchased from Chongqing Molecular Water
System Co., Ltd. (Chongqing, China).

Preparation of DABP-GO Composite

The preparation of the DABP-GO is divided into two
steps, i.e., the diazotization and coupling ones. For the
diazotization, 300 mg 4,4'-diaminobiphenyl was dissolved
completely in the solution prepared by mixing 95 mL of
water and 5 mL of concentrated hydrochloric acid togeth-
er. Then, the solution was placed in an ice bath at the
temperature below 5 °C. Sodium nitrite of 120 mg was
first dissolved in 10 mL water and then was added
dropwise into the solution. After the solution was stirred
for 40 min in the ice bath, a uniform bright yellow diazo-
nium salt solution was obtained.

For the coupling reaction, 50 mg GO powder was dis-
solved in 50 mL water via ultrasonication to form a clear
and well-dispersed solution. Then, the resulting GO solu-
tion was added in drops into the diazonium salt solution.
Then, the pH of the mixture solution was adjusted to 8~9.
After the reaction proceeded at the temperature below
5 °C for 2 h, a brown solid product was produced. After
the product was filtered, washed with water and methanol,
and freeze-dried, the final DABP-GO absorbent was
obtained.

Characterization

The surface morphology and pore structure of the DABP-
GO composite were characterized by scanning electron
microscope (SEM) with a Hitachi Model S-4800 instru-
ment (Hitachi High Technologies, Tokyo, Japan). The
Brunauer-Emmett-Teller (BET) surface areas were mea-
sured from the N, adsorption at 77 K using V-Sorb
2800P specific surface analyzer (Gold APP Instrument
Corporation, Beijing, China).The Fourier transform infra-
red spectra (FT-IR) were recorded on a WQF-510A FT-IR
spectrometer (Ruili Analytical Instrument, Beijing,
China). For the FT-IR measurements of the GO and
DABP-GO, they were pressed into pellet using spectro-
scopic grade KBr.

Sample Preparation

The vegetable samples (Benincasahispida and pakchoi)
were purchased from the local market (Baoding, China).
The samples were first washed and homogenized with a
blender. Then, 50.0 g of the homogenate was put into a
100-mL centrifuge tube and centrifuged at 10,000 rpm
(9917xg) for 10 min. After that, the supernatant was
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poured into an Erlenmeyer. Then, 10 mL acetonitrile
was added into the residue and the mixture was vortexed
for 2 min. After the centrifugation at 10,000 rpm
(9917xg) for 2 min, the acetonitrile extract was merged
into the previous supernatant and made up to 100 mL
with water. At last, the extract was filtered through
0.22-pum nylon filter for the following SPE procedures.

SPE Procedures

The 3-mL empty polyethylene SPE cartridges were purchased
from Agela Technologies (USA). Twenty milligrams of the
DABP-GO composite was packed into the SPE cartridge in
between two sieve plates. After the packed cartridge was con-
ditioned in sequence with 2 mL methanol, 2 mL acetonitrile,
and 5 mL water, 100-mL sample solution was passed through
the cartridge at the flow rate of 3 mL min . Then, after the
cartridge was washed with 5 mL of 10% (v/v) methanol water
solution, 600 nL acetonitrile was added into the cartridge at a
flow rate of about 1 mL min ™" for the elution. After the eluate
was filtered through a 0.45-pum nylon filter, 20 pL of the
resulting filtrate was injected into the HPLC-UV system for
analysis.

HPLC Analysis

The Agilent 1260 Infinity LC instrument used in this work
consists of an Agilent 1260 VWD detector, an Agilent 1260
pump, and a six-port valve with a 20-pL sample loop. A
CenturySIL C18 column (200 mm x 4.6 mm, with 5 um par-
ticle size) from Jiang Shen Separation Science Co., Ltd.
(Dalian, China) was used for separations. The mobile phase
was a mixture of acetonitrile and water (48:52, v/v) at the flow
rate of 1 mL min~'. The common UV detection wavelength
for the analytes was set at 208 nm.

Results and Discussions
Characterization of the DABP-GO Composite

The typical SEM graphs for both the GO and DABP-GO are
shown in Fig. 1. As shown in Fig. 1a, the GO sheet looks like
a layer of silk with wrinkles. Figure 1b illustrates that 4,4'-
diaminobiphenyl was incorporated onto the GO surface and
the surface of the DABP-GO is rougher than GO, which
should be more beneficial to the adsorption.

The FT-IR spectra for both GO and DABP-GO are
shown in Fig. lc. The characteristic absorption peaks of
the GO at 3126 cm ™', 1678 cm ™', 1554 ecm™', and
1012 cm™' from the hydrogen bonded O-H stretching,
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Fig. 1 a SEM image of GO. b
SEM image of DABP-GO. ¢ FI-
IR spectra. d N, adsorption-
desorption isotherms of DABP-
GO
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carbonyl (C=0) stretching, C=C stretching, and the C-O
stretching of the epoxides (C—O-C) can be observed
(Fang et al. 2014; Hung et al. 2014; Wu et al. 2016).
Compared with the IR spectrum of the GO, the spectrum
of the DABP-GO gives the additional absorption peaks at
1437 ¢m™! and 830 cmfl, which can be attributed to the
characteristic deformation vibration peak of amine N-H at
1437 cm™' and the bending vibration peak of N-H at
830 cm ', suggesting that amine groups are successfully
compounded on the GO surface (Fang et al. 2014).

The N, adsorption-desorption isotherms of the DABP-
GO are shown in Fig. 1d. As can be seen from the Fig.
1d, the isotherms of the DABP-GO belong to type IV
with H3, revealing a lamellar structure for the DABP-
GO. The BET surface area for the DABP-GO was calcu-
lated to be 138.1 m? g .

Optimization of SPE Conditions

In order to achieve the highest extraction recovery for the
analytes, the main influencing factors for the SPE were opti-
mized as follows.

Effect of Sample Loading Rate

Sample loading rate not only influences the analysis time
of the whole analytical process but also affects the extrac-
tion recovery for the analytes. A too slow flow rate will
result in an unnecessary prolonged time for the entire
experiment. On the other hand, a too fast flow rate may
cause the analytes to flow through the adsorbent without

being adsorbed, resulting in a decrease in recovery. In this
work, the effect of sample loading rate was optimized in
the range of 1~5 mL min™'. Figure 2a shows that the
extraction recoveries for the analytes are almost un-
changed when the flow rate is less than 3 mL min ',
and when the flow rate is higher than 3 mL min ', the
extraction recoveries decrease slowly. Therefore, the opti-

mal sample loading rate was chosen as 3 mL min '

Effect of Sample pH

The pH of the sample solution can affect the existing
forms and stability of certain analytes. In this experiment,
the effect of sample pH on the extraction was examined in
the pH range of 2—10. As shown in Fig. 2b, when the pH
is changed between 2 and 7, the extraction recoveries of
the carbamates change little, and when the pH is larger
than 7, the extraction recoveries decline to varying de-
grees, depending on the compounds. The above result is
consistent with the literature reports (Li et al. 2015). This
may be caused by the decomposition of the carbamates
under alkaline conditions since carbamate pesticides are
esters, and their carbon-oxygen ester bonds are unstable
and easily broken down under alkaline conditions,
resulting in a decrease in extraction recovery (Santalad
et al. 2010).

In respect of the adsorbent, its adsorption behavior for
the analytes was evaluated after it was treated with HCI
solution (pH=2), NaOH solution (pH=12), and deion-
ized water (pH =7) for 24 h. The results (Fig. S1) show
that the extraction recoveries for the carbamates were not
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Fig. 2 The impact of different
conditions on the extraction
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stable to pH changes. Since the pH of the sample
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solutions involved in this study is lower than 7, there is
no need to adjust the sample pH.

Table 1 Quantitative parameters of established method for real samples
Real sample Pesticides Linearity (ng g ") r LOD (ng g ") LOQ(ng g ") Intra-day Inter-day
RSD (%) RSD (%)
Benincasahispida Metolcarb 1.5-40.0 0.9990 0.5 1.5 6.9 7.6
Arprocarb 1.5-40.0 0.9958 0.5 1.5 5.8 5.8
Carbaryl 1.0-40.0 0.9982 0.3 0.9 4.7 6.3
Isoprocarb 1.0-40.0 0.9970 0.3 0.9 8.2 8.9
Fenobcarb 1.5-40.0 0.9982 0.5 1.5 7.7 92
Diethofencarb 1.5-40.0 0.9988 0.5 1.5 6.6 6.8
Pakchoi Metolcarb 3.0-40.0 0.9966 1.0 3.0 23 6.5
Arprocarb 3.0-40.0 0.9928 1.0 3.0 6.3 79
Carbaryl 1.5-40.0 0.9981 0.5 1.5 4.5 5.1
Isoprocarb 3.0-40.0 0.9927 1.0 3.0 7.6 8.0
Fenobcarb 3.0-40.0 0.9956 1.0 3.0 4.1 4.6
Diethofencarb 3.0-40.0 0.9976 1.0 3.0 4.0 4.5
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Table2 Analytical results for real
samples Pesticides Spiked ~ Benincasahispida Spiked Pakchoi
(ngg") (ngg ")
Found + SD R RSDs Found + SD R RSDs
(ngg ") %) (%) (ngg ) %) (%)
(n=5) (n=5)
Metolcarb 0.0 <LOQ - - 0.0 Nd - -
2.0 1.9 +£0.14 95.0 7.2 5.0 4.7 +£0.34 94.0 6.7
10.0 10.2 £0.51 1020 5.1 10.0 10.2 £0.69 1020 69
Arprocarb 0.0 Nd - - 0.0 <LOQ -
2.0 22 +0.17 110.0 8.3 5.0 5.3+0.27 106.0 53
10.0 9.7 £0.28 97.0 2.8 10.0 11.6 £0.48 116.0 4.8
Carbaryl 0.0 Nd - - 0.0 Nd -
2.0 2.3 +0.09 115.0 4.7 5.0 4.8 £0.27 96.0 53
10.0 9.5 +£0.86 95.0 8.6 10.0 9.5 +£0.49 95.0 49
Isoprocarb 0.0 Nd - - 0.0 Nd - -
2.0 1.9 £0.07 95.0 34 5.0 5.1+034 102.0 6.7
10.0 9.9 +£0.39 99.0 39 10.0 10.7 £0.33 107.0 33
Fenobcarb 0.0 Nd - - 0.0 Nd - -
2.0 1.8 £0.12 90.0 5.8 5.0 5.4 +£033 108.0 6.6
10.0 10.4 £0.92 1040 92 10.0 9.9 +£0.73 99.0 7.3
Diethofencarb 0.0 Nd - - 0.0 Nd - -
2.0 2.1 +£0.10 1050 52 5.0 5.2+033 1040 6.6
10.0 9.6 £0.73 96.0 7.3 10.0 10.2 £0.24 1020 24

SD standard deviations, R recovery of the method, Nd not found

Elution of the Analytes

In this work, the elution of the analytes was examined by
using the three commonly used organic solvents metha-
nol, acetonitrile, and acetone. As can be seen from Fig.
2c, the elution capability of the three organic solvents for
the carbamates is similar. Considering that the HPLC mo-
bile phase contained acetonitrile, acetonitrile was chosen
as the eluent.

Effect of Eluent Volume

The eluent volume is also an important parameter in SPE.
If the eluent volume is too small, the analytes may not be
completely eluted. On the other hand, an excessive
amount of the eluent may decrease the sensitivity due to
dilution effect. As can be seen from Fig. 2d, a complete
elution can be achieved when the eluent volume is 0.6 mL
or larger. Therefore, 0.6 mL acetonitrile was selected.

mAU mAU
30
30
207
20
3
12 "
10 4 6 1
W 50 b
j L’WMLN__A_, 1
0 a 0_'*\
0 5 10 15 20min 0 5 10 15 20 min

Fig. 3 Typical chromatograms of a benincasahispida sample, b the
Benincasahispida sample spiked with the carbamate pesticides at the
concentration of 5.0 ng mg™', ¢ pakchoisampl, and d the pakchoi

sample spiked with the carbamates at the concentration of 2.0 ng mg ';
peak identification: (1) metolcarb, (2) arprocarb, (3) carbaryl, (4)
isoprocarb, (5) fenobcarb, and (6) diethofencarb
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Fig. 4 a The recycling times of ol a
the DABP-GO. b Comparison of

100 F

the extraction recoveries between

DABP-GO and other adsorbents 80

60
40

Recovery (%)

20

Adsorption Capacity

In order to explore the adsorption capacity of the DABP-GO
composite, the saturated adsorption study of the DABP-GO
composite was performed by increasing the analyte concen-
tration without changing the volume of the sample solution.

As can be seen from Fig. 2e, the adsorption capability of
the DABP-GO for the compounds is different. According to
the figure, the adsorption capacity of the DABP for the
analytes was calculated to be 3.5, 3.5, 3.0, 4.0, 4.0, and
4.5 mg g for metolcarb, arprocarb, carbaryl, isoprocarb,
fenobcarb, and diethofencarb, respectively.

Effect of Washing Prior to Elution

Due to the complexity of the real sample matrix, the co-
existence of other matrix substances may interfere with the
detection of the analytes of interest. Therefore, a washing
process prior to elution is often required to alleviate the matrix
effect. When the proportion of an organic solvent in the wash-
ing solution is too small, the interferences cannot be washed
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away. On the other hand, when the proportion of the organic
solvent is too large, the target analytes may be washed away
together with the interferences. Therefore, the ratio of the or-
ganic solvent methanol in the washing solution was optimized
in the experiment.

Figure 2 f shows that with increased proportion of metha-
nol, the extraction recoveries for the analytes decrease slowly.
Therefore, the lowest proportion of methanol in the washing
solution should be used for the elimination of the interfer-
ences. Figure S2 in Supporting Information shows that at the
methanol content of 10%, the extraction recoveries for the
analytes were not much influenced but most of the interfer-
ences were eliminated. Therefore, 5 mL of 10% methanol
aqueous solution was selected for washing.

Method Validation

The method was evaluated from the perspectives of line-
arity, limits of detection (LODs), and limits of quantifica-
tion (LOQs). In this study, matrix-matched calibration
samples for pakchoi and benincasahispida were prepared

Table 3 Comparison of the present method with other methods for the determination of carbamates
Method Adsorbent Sample Detection Linear range LODs RSDs Ref.
system (%)
SDME Benzonitrile Water GC 0.1-20 (ng mL™")  30-80 (ng LY 4.7-83 (Saraji and Esteki
2008)
DLLME Toluene Water GC-MS 0.005-5 (ng mL™") 0.001 mg mL™") 23 (Chen et al. 2010)
MSPE G-MNPs Tomatoes HPLC 5200 (ng g ") 0.58-2.06 (ng g ") 0.69-6.51 (Lietal. 2015)
SPE PAG Apple HPLC 0.5-80 (ng g ") 05-10(ngg ") 25-67 (Wuetal 2017)
Juice 1.0-80 (ng mL™")  0.2-03 (ng mL™") 4.3-73
VA-D-u-SPE  CTAB-Modified Water HPLC 0.004-24,000 0.004-4.000 0.2-1.1  (Salisaeng et al.
Zeolite NaY Cabbage (mg kg ") (mg kg ) 2016)
Cauliflowr
Cucumber
Dragon fruit
Rambutan
Watermelon
Grape
SPE DABP-GO Benincasahispida HPLC 1.0-400(ng g 03-05(mgg") 4.7-109 This work
Pakchoi 15400(ngg™") 05-1.0(mgg" 23-106

G-MNPs graphene-based magnetic nanoparticles, PAG graphene oxide cross-linked with phytic acid
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by spiking the standards in the analyte-free sample ho-
mogenate from 1.0 to 40 ng g ' at eight concentration
levels (0.5, 1.0, 1.5, 2.0, 5.0, 10.0, 20.0, and
40.0 ng g '), respectively. As shown in Table 1, the linear
correlation coefficients () for the calibrations for both
samples were greater than 0.9900, showing a good line-
arity. The measured LODs (S/N=3)and LOQs (S/N=9)
for the analytes were in the range from 0.5 to 1.0 ng g '
and from 1.5 to 3.0 ng g ' for pakchoi sample, and in the
range of 0.3-0.5 ng g ' and 0.9-1.5 ng g ' for
benincasahispida sample, respectively. The LOQs are
lower than the MRLs set by EU, meaning that the current
method is sensitive enough for the detection of the
carbamates.

The intra- and inter-day precisions of the method were
studied by analyzing spiked samples at 40 ng mg '. The
intra-day precision was investigated by analyzing the spiked
sample five times in a day and the inter-day precision was
obtained by analyzing the spiked sample for five times on five
continuous days. The intra-day RSDs for the pakchoi and
benincasahispida samples ranged from 2.3 to 8.2% and the
inter-day RSDs ranged from 4.5 to 9.2%, indicating that the
method has a quite good repeatability.

Analysis of Real Samples

In order to verify the applicability of the established method,
real pakchoi and benincasahispida samples were analyzed.
The results are listed in Table 2. Carbaryl was detected out
in the pakchoi sample and metolcrb was found in
benincasahispida sample. Both their concentrations were be-
low their LOQs. The method recoveries for the
benincasahispida samples spiked at two different levels (2.0
and 10.0 ng g ') were measured to be between 90 and 115%.
For the pakchoi samples, the method recoveries at the spiked
concentrations of 5.0 ng mg ' and 10.0 ng mg ' were in the
range from 94 to 116%. The typical chromatograms for the
pakchoi sample at 5.0 ng mg ' of the carbamates and the
benincasahispida sample at 2.0 ng mg ' of the carbamates
are shown in Fig. 3.

Reusability of the Composite

The reusability of the DABP-GO composite was evaluated by
its repeated use for more extractions. As shown in Fig. 4a,
after 25 extractions, the extraction recoveries for the carba-
mates declined about 10%. This indicated that the DABP-
GO has a quite good reusability.

Comparison with Other Adsorbents

The DABP-GO was compared with other commercial adsor-
bents for the extraction of the carbamates. In the study, same

amount of the adsorbents (20 mg each) was used. After being
activated with 3 mL of methanol and washed with 3 mL water,
100 mL of 40 ng mL ! carbamate solution was loaded. Then,
1 mL acetonitrile was used for desorption with the flow rate of
about 1 mL min . Figure 4 b shows that the extraction recov-
eries of the DABP-GO for the analytes are similar to that of
the commercial adsorbent HLB but are superior to other ad-
sorbents. It is observed that the extraction recoveries for the
analytes by GO alone are much lower than that by the DABP-
GO, suggesting that the GO modified by DABP is more suit-
able for the adsorption of the carbamates.

Comparison with Other Reported Methods

The established method was compared with some relevant
reported methods for the determination of carbamates in veg-
etables. The relevant data are shown in Table 3. The methods
reported by Saraji and Esteki (2008) and Chen et al. (2010)
provided lower LODs, but they only dealt with simple water
samples. For the analysis of fruit and vegetable samples, the
current method gives lower LODs than that of the SPEs either
with CTAB-modified zeolite NaY (Salisaeng et al. 2016) or
with PAG (Wu et al. 2017) as the adsorbent. The LODs of the
current method are also lower than those by the MSPE with G-
MNPs as the magnetic adsorbent (Santalad et al. 2009). The
current method provides the LODs much lower than the
MRLs set by many countries, and therefore, it can serve as
an alternative method of choice for the determination of car-
bamates in real vegetable samples.

Conclusions

In this work, a graphene oxide-based composite DABP-GO
composite was prepared for the enrichment of some carbamate
pesticide residues from vegetable samples. The DABP-GO
showed to be a good SPE adsorbent for the extraction of some
carbamates from benincasahispida and pakchoi samples. The
current method provides a new alternative of choice for the
determination of carbamate pesticides in complex vegetable
samples. However, the adsorption mechanism of the DABP-
GO towards the analytes needs to be further elucidated and its
more applications for different analytes and different samples
have yet to be explored.
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