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Abstract We report on a method for the determination of
twelve herbicides using solid–liquid–solid dispersive extrac-
tion (SLSDE), followed by dispersive liquid-liquid micro-
extraction (DLLME) and quantitation by gas chromatography
with triple quadrupole mass spectrometric detection. SLSDE
was applied to the extraction of herbicides from tobacco sam-
ples using multi-walled carbon nanotubes (MWCNTs) as
clean-up adsorbents. The effect of the quantity of MWCNTs
on SLSDE, and of type and volume of extraction and disperser
solvents and of salt effect on DLLME were optimized. Good
linearity is obtained in the 5.0 - 500 μg kg−1 concentration
range, with regression coefficients of >0.99. Intra-day and
inter-day repeatability, expressed as relative standard devia-
tions, are between 3 and 9 %. The recoveries in case of
herbicide-spiked tobacco at concentration levels of 20.0, 50.0
and 100.0 g kg−1 ranged from 79 to 105 %, and LODs are
between 1.5 and 6.1 μg kg−1. All the tobacco samples were
found to contain butralin and pendimethalin at levels ranging
from 15.8 to 500.0 μg kg−1.

Keywords Herbicides . Tobacco .Multi-walled carbon
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Introduction

During the planting period the tobacco is challenged by var-
ious plant diseases, insect pests and weeds, among them
various miscellaneous weeds affect the yield of the tobacco.
For labor-saving, increasing yield and resistance to disease,
herbicides (such as amide herbicide, dinitroaniline herbicide,
etc.) are widely used in tobacco production. Although tobacco
cannot be eaten directly, many countries still take tobacco as
food or quasi food. As absorption of food, herbicide residues
could transfer to flue gas with higher delivery rate during the
smoking tobacco [1]. Moreover, the intensive application of
herbicides has resulted in the contamination of the atmo-
sphere, ground and waste waters, agricultural products and,
consequently, in the direct or indirect pollution of food and
food products and biological systems, and may represent a
serious hazard to human health by environment and the food
chain. Hence many countries established maximum recom-
mended limits for herbicide residues in tobacco [2]. China
Tobacco Monopoly Bureau at 2002 established its maximum
recommended limits for herbicide residues in tobacco, such
as, 5.0 mg·kg−1 for butralin and pendimethalin, 20.0 mg·kg−1

for Benfluralin, 1.0 mg·kg−1 for metolachlor, 2.0 mg·kg−1 for
diphenamid. Consequently, accurate and reliable methods for
the determination of herbicide residues are required for the
safety assurance of tobacco products.

Among analytical methods of herbicide residues in tobac-
co, MS/MS detectors could provide unambiguous identifica-
tion and accurate determination of herbicide residues at trace
levels (<μg L−1), and the detector is particularly suitable to
multi-residue analysis of different types of herbicides [3–6].
Nevertheless, most of these techniques require an extensive
and time-consuming sample pretreatment.

Q. G. Liao :Y. M. Zhou : L. G. Luo (*)
Key Laboratory for Quality and Safety of Agricultural Products,
Agricultural Product Quality Safety and Standards Institute, Jiangxi
Academy of Agricultural Sciences, Nanchang 330200, People’s
Republic of China
e-mail: luolinguang@126.com

L. B. Wang :X. H. Feng
Fuzhou Tobacco Company, Jiangxi Province Fuzhou 344000,
People’s Republic of China

Microchim Acta (2014) 181:163–169
DOI 10.1007/s00604-013-1086-4



As is well-known, sample preparation is an important ana-
lytical step especially for the determination of trace analytes in
complex sample matrices. Although some groups were able to
completely omit sample purification by injecting the raw sam-
ple extracts [7, 8], unfortunately, the direct injection of raw
extracts fails poor sensitivity frequently due to too dirty matri-
ces. Thus, improved sample purification is required. Further-
more, the development of a simultaneous multi-residue extrac-
tion method entails difficulties due to the different physico-
chemical properties of herbicides (polarity, solubility, volatili-
ty).Matrix solid-phase dispersion which involves the dispersion
of the sample in a solid sorbent, followed by preliminary
purification and the elution of the analytes with a relatively
low solvent volume and small sample size [9, 10]. The quality
of the matrix solid-phase dispersion performance depends on
multiple factors, particularly the sorbent type and extraction
solvent. Owing to their extremely large surface area and unique
structure, multi-walled carbon nanotubes (MWCNTs) can have
excellent adsorption ability. In recent reports, CNTs was pri-
marily focusing on the use of SPEmethod, as a kind of sorbents
in a packed column, applied to the extraction of pesticides for
water samples [11–15]. Few reports had been published on the
use of MWCNTs as a type of solid sorbent materials to absorb
the interfering substances in the sample matrices, rather than the
analytes [16]. Su et al. [17] used MWCNTs as matrix solid
phase dispersion extraction material in butter samples. Howev-
er, matrix solid-phase dispersion has some disadvantages, such
as toomanymanual operating steps. Thus, the development of a
simple, rapid and low organic solvent-consuming sample prep-
aration procedure combining extraction and cleanup in one
single step is of great interest. For this purpose, a novel one-
step sample preparation technique, namely ultrasound or
microwave-assisted solid–liquid–solid dispersive extraction
(SLSDE) [18, 19]. During the extraction procedure, the analytes
are extracted into the extraction solvent while the interfering
matrix components are retained by the dispersing sorbent.

In addition, it was necessary for the preconcentration to
improve the detection limit of target analytes. Recently, a
novel microextraction technique, dispersive liquid–liquid
microextraction (DLLME), has been reported for extracting
and/or preconcentration target analytes from samples [20–24].
DLLME has high preconcentration capabilities in a very short
time. The main disadvantage of the DLLME is that it cannot
apply to directly extraction of solid substances and heavily
contaminated extracts. Thus, in order to overcome this prob-
lem it is necessary to include a clean-up stage before DLLME
technique. Dispersive solid-phase extraction was recently in-
troduced as a rapid and simple technique for clean-up crude
extracts of different food and environmental samples [25, 26].
Compared to dispersive solid-phase extraction technology,
SLSDE technology may be more rapid and simple.

In this work, we describe a novel and accurate method for
the determination of herbicide residues in tobaccowith SLSDE

procedure and DLLME procedure. Efficiency of SLSDE ex-
tractions were optimized by comparing with the amount of
sample, type and quantity of sorbents, and nature and volume
of the extraction solvent. The parameters affecting the DLLME
procedure such as type and volume of extraction and disperser
solvents, salt effect and extraction time were studied. More-
over, the method performance was evaluated by studies of
recovery, limits of detection, analysis of real samples.

Experimental

Reagents and materials

Analytical standards of benflurain, clomazone, acetochlor,
alachlor,metolachlor, butralin, pendimethalin, diphenamid,
butachlor, benfluralin, napropamide, nitrofen were supplied by
J&K Technology Co. Ltd. (Beijing, China, www.jkchemical.
com). Sodium chloride (NaCl), bromobenzene (C6H5Br), car-
bon tetrachloride (CCl4), chlorobenzene(C6H5Cl), chloroform,
1,2-dichloroethane (C2H4Cl2), dichlorometane (CH2Cl2), meth-
anol, acetonitrile, and acetone, all of analytical grade, were
purchased from Sinopharm Chemical Reagent Co. Ltd (Shang-
hai, China, reagent360.cn.b2b168.com). Ultrapure water was
obtained from a Milli-Q system from Millipore (Milford, MA,
USA) and used throughout the work.

MWCNTs with average external diameters of 10–20 nm,
5 nm i.d. and PSAwere provided by Tianjing Agela Co. Ltd.
Co. (Tianjing, China, www.agela.com.cn). All sorbent types
were first washed three times with n-hexane and then three
times with methanol. MWCNTs were dried for 2 h at 120 °C
to remove the absorbed water and then kept it in desiccators
for storage.

Samples

Tobacco samples were provided by China tobacco Fuzhou
Industrial Corporation. The samples were dried naturally,
then, samples were finely milled using a knife and homoge-
nized to achieve a representative samples and then dispensed
into plastic bags. All samples were stored at 4 °C and out of
direct sunlight until the analysis. Spiked samples were pre-
pared by adding standard solution to 1 g of blank samples. The
spiked samples were mixed on a vortex mixer for 1 min and
then incubated at room temperature for 2 h before analysis.

Extraction procedure

A diagram of the SLSDE-DLLME protocol was shown in
Fig. 1. The homogenized tobacco sample (1 g) was extracted
with 10 mL of a mixture of acetonitrile. MWCNTs (200 mg)
were added into the mixture. Then, the mixture was mixed on
a vortex mixer for 20 s, and sonicated for 10 min. After
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centrifuged for 3 min at 4,500 rpm, the upper phase was used
for the DLLME process.

Chloroform (100 μL) as DLLME extraction solvent was
added to an aliquot of 1 mL of acetonitrile extract, which used
as disperser solvent, and the mixture was rapidly injected into
a 15 mL screw cap glass centrifuge tube with conical bottom
containing 4 mL of water. The ternary component system was
mixed by vortex mixer for 1 min. The cloudy solution (water,
acetonitrile, and chloroform) stably formed for a long time in
the test tube. After centrifugation for 3 min at 4,500 rpm, most
of the supernatant was removed with a Pasteur pipette and the
sedimented chloroform phase was quantitatively transferred to
a small vial using a 200 μL intubation.

Instruments and chromatographic conditions

An Agilent 7890A GC system (Agilent Technologies, Palo
Alto, CA, USA) equipped with an autosampler (Agilent
7683) was coupled to a 7000A QqQ mass detection, operating
in electron impact ionization mode. The GC separation was
performed using a DB-1701 capillary column with a length of
30 m×0.25 mm I.D. and a film thickness of 0.25 μm (J&W
Scientific, USA). Temperature program: 40 °C holds for 1 min,
30 °C min−1 up to 130 °C, 5 °C min−1 up to 250 °C, 20 °C
min−1 up to 270 °C, hold for 2 min. The total running time was
31min. The temperatures for the injection port, transfer line and
ion source were set at 280 °C, 280 °C and 230 °C, respectively,
and a solvent delay of 10 min was selected. Splitless injection
of 1 μL sample was carried out. Helium was used as carrier gas
at a flow rate of 1.2 mL min−1. Electron impact mass spectra
were measured in the range from m/z 50 to m/z 400 at accel-
eration energy of 70 eV. The system was operated in MS/MS
mode using nitrogen as collision gas at a flow rate of
1.5 mL min−1 and using helium as quenching gas at a flow rate
of 2.25 mL min−1 in the collision cell. The retention times,
precursor ions, product ions and collision energy for identifi-
cation and quantitation of 12 herbicides were shown in Table 1.

Calibration curve and evaluation of method performance

For method validation, five point matrix matched calibration
curves were obtained by spiking blank tobacco samples with

the target herbicides in the range from 5.0 to 500.0 μg kg−1,
and each spiking level was prepared two times.

Limits of detection (LOD) and of quantification
(LOQ) were determined using blank tobacco samples
spiked at herbicides levels with 20.0 μg kg−1. Each
level was processed in triplicate by optimized method,
and the LODs and LOQs were calculated by extrapola-
tion of the concentrations giving a signal-to-noise ratio
of 3 and 10, respectively.

Fig. 1 Schematic diagram of herbicide extraction from tobacco sam-
ples by SLSDE-DLLME procedures. a sample solution containing
herbicide and 10 mL acetonitril, b MWCNTs cleanup, c extract mixed

with water, d addition of 100 μL of extraction solvent(chloroform)
into mixed solution, e vortex mixer for 1 min, f phase separation after
centrifugation

Table 1 The retention times, precursor ion, product ion and collision
energy for identification and quantitation of 12 herbicides using the
multiple reaction monitoring (MRM) mode

No. Herbicide Group
no.

Retention
time
(min)

Precursor
ion (m/z)

Product
ion
(m/z)

Collision
energy
(V)

1 Benflurain 1 AM 292.2 263.8 5

292.2 205.8 15

2 Clomazone 1 18.470 204.3 107 25

125.2 89 20

3 Acetochlor 2 21.079 223.2 147 10

223.2 132 20

4 Alachlor 2 21.465 188.2 160.1 10

188.2 132.1 20

5 Metolachlor 2 22.830 238.5 162.1 10

162.4 133.1 15

6 Butralin 2 23.420 266.1 220.1 5

266.1 190.2 5

7 Pendimethalin 3 23.999 252.5 208 5

252.5 162 5

8 Diphenamid 3 24.652 167.2 165 20

167.2 152.1 20

9 Butachlor 3 25.343 176.2 147 10

176.2 134.1 15

10 Benfluralin 3 25.664 143.1 117 30

143.1 107 30

11 Napropamide 4 26.533 271.3 128 5

271.3 71.7 15

12 Nitrofen 4 28,059 283.2 252.9 10

253.2 107.9 25
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For recovery studies, the tobacco samples were spiked at
three concentration levels 20.0, 50.0, and 100.0 μg kg−1 for
herbicides. All the experiments were carried out in triplicate.

Results and discussion

SLSDE extraction process

Efficiency of SLSDE extractions depends on the amount of
sample, type and quantity of sorbents, nature and volume of
the extraction solvent. To obtain the high recoveries and low
interferences, the parameters that affected the partition of
analytes were optimized such as the amount and type of solid
phase sorbent.

The analytes were extracted by 10.0 mL acetonitrile, and
further cleaned up and dried by mixing with the MWCNTs
sorbents and anhydrous MgSO4. The MWCNTs cleanup step
was designed to retain matrix components and allow the
analytes of interest into the acetonitrile phase. To evaluate
the effect of this parameter, different amounts of MWCNTs
were investigated in the same SLSDE extraction process. The
amount of sorbent was increased from 50.0 to 200.0 mg. As
shown in Table 2, by increasing the amount of MWCNTs
from 50.0 mg to 200.0 mg, the recoveries for most herbicides
remained at the acceptable level (79.2–90.8 %). However, the
recoveries decreased to 6–12 % when the amount of
MWCNTs was increased from 200.0 mg to 400.0 mg, partial
herbicides were adsorbed on the MWCNTs. In addition, al-
though better recoveries were achieved with 50 mg materials,
the cleanup performance was not as good as 200.0 mg. The
recoveries could be acceptable at the amount of 200 mg
MWCNTs. Consequently, 200.0 mg (10.0 mL extract) was
used as the optimum amount for the SLSDE extraction

process in the further studies since acceptable recoveries and
good cleanup performances were obtained at this amount.

PSA is typically used as SLSDE sorbents to remove the
interfering substances. However, sometimes the PSA-cleanup
performance is not good enough to remove the interfering
substances in the matrices. The tobacco sample processed by
MWCNTs looked transparent in color and the PSA-cleanup
sample had deeper color. MWCNTs displayed a better cleanup
performance than PSA to remove pigment in tobacco. Com-
pared to the use of PSA, the application of MWCNTs extend-
ed the lifetime of liner, which also showed the less contami-
nation with MWCNTs cleanup.

The solvent used to extract the analytes from matrix must
then act as disperser in DLLME process, therefore, its selec-
tion must take into account both the properties required to the
extraction. Methanol, acetonitrile, and acetone are normally
used as disperser solvents in DLLME. In order to select the
extraction solvent, spiked samples were extracted with each
selected extraction solvent and the obtained extracts were
processed by DLLME. The same DLLME process was
performed on the blank tobacco extracts, spiked with herbi-
cides after extraction step, to evaluate separately the efficiency
of the extraction and DLLME steps. The recoveries of the
whole procedure (SLSDE+DLLME) and DLLME procedure
of all extraction solvents tested. All extraction solvents were
able to efficiently extract herbicides from samples with the
recoveries ranging from 70 % to 110 %. However, methanol
and acetone produced co-extracted matrix components.

Optimization of DLLME

To obtain the optimal DLLME conditions for the determina-
tion of herbicides in tobacco, the influence of different exper-
imental parameters on DLLME performance (type and vol-
ume of extraction solvent, salt addition and water volume)
were carefully investigated.

The type of extraction solvent is one of the most important
parameters affecting the DLLME efficiency. In a preliminary
optimization step, several halogenated solvents, with density
higher than water and different polarities, were proved as
possible DLLME extraction solvent. Most of them (CH2Cl2,
C6H5Br, C6H5Cl and C2H4Cl2) were found insoluble in dis-
persive solvent at volumes above 20–30 μL, so only CHCl3
and CCl4 were evaluated. For both solvents, a stable cloudy
solution was observed. CCl4 showed lower extraction effi-
ciency than to chloroform (Fig. 2), thus the latter was selected
as DLLME extraction solvent.

Volume of extraction solvent and percentage of NaCl were
tested, and their high and low levels were chosen according to
preliminary experiments. The volume of extraction solvent to
be added in order to obtain the highest extraction efficiency of
the analyte was studied within a volume range of 50–200 μL.
50 μL of extraction volume was completely dissolved in the

Table. 2 Effects of amount of MWCNTs on method recoveries

Herbicide Recovery±R.S.D. (%) (n =3)

50 mg 100 mg 200 mg 300 mg 400 mg

benflurain 88±6 85±5 86±4 80±4 76±4

clomazone 79±4 82±4 80±7 78±7 73±6

acetochlor 93±5 88±6 90±5 83±5 79±5

alachlor 89±6 88±5 86±6 81±6 76±6

metolachlor 84±6 83±7 81±5 78±7 76±4

butralin 92±5 89±4 90±5 84±5 81±5

pendimethalin 87±5 85±6 86±4 80±4 78±4

diphenamid 86±7 84±6 83±5 80±5 78±4

butachlor 83±5 85±5 84±4 79±5 77±7

benfluralin 80±3 78±4 79±6 76±4 73±5

napropamide 83±5 88±6 86±5 81±6 76±7

nitrofen 89±7 86±5 87±5 78±5 76±6
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aqueous bulk. It is possible to observe that the greater relative
extraction efficiency for herbicides was obtained when 100 μL
chloroform based on peak signal response and the extraction
phase volume. By increasing the volume of chloroform from
100 μL to 200 μL, the extraction phase volume increased and
the recoveries of herbicides decreased due to a dilution effect of
it. Therefore, 100μL chloroformwas selected in order to obtain
higher recovery and lower detection limit. The effect of ionic
strength on the efficiency of micro-extraction was evaluated by
adding NaCl in the range of 0–10 %. The DLLME experimen-
tal conditions were the same as those described before. The
results showed that by increasing the amount of NaCl, recov-
eries were not varied.Moreover, no salt was added in the further
experiments due to low salting out effect in this study. As a
consequence, DLLME was carried out without salting.

To study the effect of the dispersive solvent volume on
extraction efficiency, different volumes of SLSDE extract,
from 0.5 mL to 3.0 mL with gaps of 1.0 mL, were added to
different volumes of deionized water from 2.0 mL to 6.0 mL,
respectively. With the increase of deionized water ratio, the
extraction efficiency firstly increased and then decreased, and
the volumes of sedimented phase obtained were gradually
increased. Thus, 1.0 mL of the SLSDE extract and 4.0 mL
of deionized water were chosen as the optimal volume for the
dispersive solvent and deionized water.

Regarding the optimal DLLME conditions, the experimen-
tal factor values extrapolated by the experimental design
study, to obtain the highest responses, were as follows:
100 μL of chloroform, 1.0 mL of the SLSDE extract,
4.0 mL of H2O and no addition of NaCl. According to these
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results, the optimal conditions selected for the DLLME step
were employed for the rest of experiments in this study.

Analytical performance

The linear range of the method was established using blank
tobacco samples spiked with the target compounds at five
levels from 5.0 to 500.0 μg kg-1 for the herbicides, with five
calibration levels, each injected in triplicate with good corre-
lation coefficients of more than 0.99. The typical chromato-
grams of the tobacco DLLME extracts before and after spik-
ing with herbicides were reported in Fig. 3. It can be seen,
some interfering peaks were observed in the elution region of
the analytes for tobacco matrices, however, these interference
peaks were not found near the retention time of the analytes in
the EI MRM CID Figure.

The LODs ranged from 1.5 to 6.1 μg kg−1 while the LOQs
ranged from 5.0 to 15.0 μg kg−1 (Table 2). For recovery
studies, blank tobacco samples were spiked with herbicides
at three concentration levels of 20.0, 50.0 and 100.0 μg kg−1,
and The intraday recoveries obtained ranged from 79 % to
105 % at all spiked levels, while the intreday recoveries
obtained ranged from 76 % to 100 % at all spiked levels.
The intraday repeatability of the method expressed as relative
standard deviations (RSDs) for six replicates ranged from 3%
to 7 %, while the inter-day repeatability of the method
expressed as RSDs for six replicates ranged from 5 % to
9 % (Table 3).

Application of the method to real samples

To evaluate the methodology, 100 tobacco samples from the
Fuzhou city were collected and detected. All the samples were
extracted and analyzed by the optimal method. Butralin and

pendimethalin were detected in all the samples, and their
concentrations were ranged between 15.8 and 499.1 μg
kg−1. As for high and serious residual amount, the possible
reason was that butralin and pendimethalin as systemic
suckercides directly smeared tobacco leaf buds at the late
growth of tobacco. Diphenamid ranging between 7.6 and
21.3 μg kg−1 were analyzed in the 85.8 % of the samples,
while clomazone ranging between 5.2 and 9.8 μg kg−1 were
analyzed in the 56.3 % of the samples. Diphenamid and
clomazone belonged to prenatal systemic herbicide, thus they
could be detected with less residual amount. Acetochlor was
rarely used in tobacco production, but 3.8 % of the samples
ranging between 6.5 and 405.0 μg kg−1 were still detected, for
wheel crops such as rice, vegetables may use it. No other
herbicides were found, probably due to less use or less than
the detection limit.

Conclusions

In this work, a fast and simple preparation method was devel-
oped and evaluated for the analysis of twelve herbicides in the
tobacco samples. MWCNTs were proved to be a new and
effective sorbent and were successful applied for detection of
herbicides at trace levels in sample cleanup. The SLSDE
method realized the simultaneous extraction and purification,
and as for alternative method of matrix solid-phase dispersion,
which reduced manual factors. The enrichment step has
been considerably simplified by introducing the DLLME
procedure, in which the extractive solvent mixed with the
extract is simply dispersed in deionized water being the
analytes concentrated by centrifugation in the sedimented
phase. The DLLME procedure as a concentration step showed
time and expenses saving are and high enrichment effect. The

Table 3 Analytical performance in tobacco samples

Herbicide LOD, μg kg−1 LOQ, μg kg−1 Intra-day recovery±RSD (%) (n =6) Inter-day recovery±RSD (%) (n =6)

20.0 μg kg−1 50.0 μg kg−1 100.0 μg kg−1 20.0 μg kg−1 50.0 μg kg−1 100.0 μg kg−1

Benflurain 4.6 15.0 79±5 81±6 86±4 77±7 78±6 83±5

Clomazone 1.9 5.0 78±6 81±4 80±5 76±8 79±5 78±7

Acetochlor 4.3 15.0 81±4 87±5 91±3 79±5 84±8 88±6

Alachlor 1.8 5.0 105±7 98±6 87±3 100±9 92±7 85±5

Metolachlor 1.6 5.0 94±6 89±6 85±4 91±9 85±8 82±8

Butralin 4.9 15.0 101±4 102±5 93±3 95±6 99±7 91±5

Pendimethalin 5.2 15.0 86±7 88±5 86±4 83±9 84±8 83±6

Diphenamid 1.5 5.0 103±5 90±7 93±6 99±7 85±9 90±8

Butachlor 4.0 10.0 86±5 85±5 84±3 83±6 83±8 81±5

Benfluralin 5.4 15.0 92±6 85±3 79±4 89±5 83±6 77±7

Napropamide 3.3 10.0 79±7 81±5 86±6 75±9 80±8 81±6

Nitrofen 6.1 15.0 92±6 85±7 88±4 90±8 81±9 85±7
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proposed method met the requirements for herbicide analysis
(average recovery values were in the range 79–105 % for all
selected herbicides with RSD values lower than 9 %). So
many herbicide residues were detected, showed the feasibility
of the method.
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