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Abstract A method for simultaneous analysis of residues
of nine organophosphorus pesticides in fruit and vegetables
has been developed. It involves matrix solid-phase dis-
persion (MSPD) for preconcentration before rapid resolu-
tion liquid chromatography—tandem mass spectrometry
(RRLC-MS-MS). In the MSPD pre-concentration step, the
adsorptive performance of multi-walled carbon nanotubes
(MWCNT) as MSPD adsorbent and elution with four sol-
vents were investigated; in the LC separation step, a rapid
resolution high-throughout LC column was used with
gradient elution. The results of the research showed that the
linear correlation coefficients (+%) of the method for the
nine target analytes varied between 0.9942 and 0.9996,
mean recovery was in the range 71.2-102.8%, with relative
standard deviations (RSD) 2.0-11.8%, and limits of
detection were all below 0.2 pug kg™'. The method was
used for simultaneous analysis of the nine pesticides in
eight different fruit and vegetable samples.
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Introduction

Organophosphorus pesticides (OPP) are a class of organic
compounds containing C—P or C-O-P, C-S-P, and C-N-P
bonds. These pesticides have been used for control of
spiders, mites, aphids, beetles, caterpillars, etc., on a wide
variety of crops worldwide, because of their advantages of
high effectiveness and low toxicity [1]. Because of this
widespread use, they have become the most common and
persistent contaminants of products of agriculture in
developing countries [2]. OPP inhibit acetylcholinesterase,
the enzyme that hydrolyzes the neurotransmitter acetyl-
choline and, thus, terminates the transmission signal on
postsynaptic cholinergic receptors [3, 4]. They can reach
the food chain in various ways and may, therefore, pose a
risk to human health [5, 6]. Thus, the development of
analytical methods suitable for their surveillance in food is
quite important.

Within the EU, maximum residue levels ranging from
0.01 to 3 mg kg~ ' have been established for these pesti-
cides in many vegetables and fruit [7]. This threshold level
is also frequently used for testing compliance with guide-
lines for production of organic food.

For analysis of OPP residues in food, traditional chro-
matographic analysis, for example gas chromatography
(GC) [8-10], gas chromatography—mass spectrometry (GC—
MS) [11], high-performance liquid chromatography (LC)
[3, 12], and liquid chromatography—mass spectrometry (LC—
MS) [13-15], are usually adopted. Traditional LC needs long
analysis times to achieve complete separation and quantifi-
cation of OPP multi-residues. In recent years, with break-
throughs in two core techniques, sub-two-micron particle
chromatographic columns and new liquid chromatographic
systems, LC-MS technology is entering a new era. Rapid-
resolution liquid chromatography—mass spectrometry
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(RRLC-MS) from Agilent Technologies (Chandler, AZ,
USA) is a representative example. This technique is faster
and more sensitive than traditional LC-MS [16—18]. These
particular advantages will make it widely used in prospective
pesticide residue monitoring, although so far there have been
few reports of its application.

Effective pretreatment is often required before analysis
of trace level pesticide residues in foodstuffs. The methods
used frequently include liquid-liquid extraction (LLE) [19],
supercritical-fluid extraction (SFE) [20], pressurized liquid
extraction (PLE) [21], solid-phase extraction (SPE) [22—
24], solid-phase micro-extraction (SPME) [25-27], quick,
easy, cheap, effective, rugged, and safe (QuEchERS) [28],
and matrix solid-phase dispersion (MSPD) [29, 30]. MSPD,
first reported in 1989 [31], is a simple pretreatment method
based on dispersion of the sample on an adsorbent which
enables simultaneous disruption and homogenization of
solid and semi-solid samples, and extraction, fractionation,
and clean-up of the analytes in a single step. Its many uses
have been extensively reviewed [32-38]. It reduces
extraction time and solvent and cartridge consumption,
which are the drawbacks of LLE and SPE. In recent years,
the technique has become more popular in pesticide anal-
ysis and has been introduced in many multi-residue meth-
ods for analysis of food [29, 30, 39-41].

In the work discussed in this paper, MSPD with a new
carbon-based nano-material adsorbent, multi-walled car-
bon nanotubes (MWCNT), has been used to isolate nine
OPP, simultaneously, from fruit and vegetables before
chromatographic analysis. With large accessible specific
surface area and hydrophobic surface, this novel carbona-
ceous material has large adsorption capacity, and in recent
years has been widely used as an effective SPE adsorbent
for pre-concentration of pesticides [42-46]. As far as we
are aware, however, there have been no reports of use this
material as MSPD adsorbent for analysis of organic pol-
lutant residues in different matrixes.

The purpose of this study was to establish an MSPD
method using MWCNT as adsorbent for simultaneous
analysis of nine OPP in fruit and vegetables by RRLC-
MS-MS. Conditions possibly affecting MSPD efficiency
and subsequent RRLC-MS-MS analysis were optimized,
and are discussed in detail. The proposed method was
validated and applied to the analysis of these pesticide
residues in eight real samples from a local food market.

Experimental
Reagents and Materials

Standards of the nine pesticides with certified purities of
at least 98% were purchased from the Environmental
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Monitoring Center of the Department of Agriculture
(Beijing, China). Formic acid (LC-grade) was purchased
from Beijing Chemical Reagents Company (Beijing,
China). Ethyl acetate, n-hexane, and acetone (all LC-
grade), and dichloroethene and ammonium acetate (both
GR-grade) were supplied by Shanghai Chemical Reagents
Company (Shanghai, China). Methanol (LC/Spectro-grade)
was obtained from Tedia (Fairfield, OH, USA). Acetoni-
trile (LC/Spectro-grade) was purchased from Burdick and
Jackson (Muskegon, MI, USA). A Milli-Q ultra-pure water
system from Millipore (Bedford, MA, USA) was used to
obtain purified water (>18.3 MQ). MWCNT (40-60 nm
i.d., 40-300 m* g~') were obtained from Chengdu AIFA
Nanotechport (Chengdu, China).

Individual stock solutions (50.0 mg L") of the nine
pesticide standards were prepared by dissolving 5.0 mg of
each in 100 mL acetonitrile. A multi-component standard
solution (1.0 mg L™") was prepared by mixing 1.0 mL of
each individual stock solution and diluting to 50 mL with
acetonitrile; this solution was used for optimizing MSPD
conditions, for spiking blank sample matrices, for preparing
calibration standard solutions, and for studying the linear
dynamic range of the RRLC-MS-MS method. Six calibra-
tion standard solutions (0.02, 0.1, 0.5, 1.0, 2.0, and
4.0 pg kg~ ") were prepared by adding different volumes of
the composite standard solution to blank extracts obtained by
use of the MSPD procedure. All fresh individual stock
solutions were prepared weekly and stored under refrigera-
tion (4 °C) away from light. All other standard multi-com-
ponent solutions were prepared immediately before use.

Sample Preparation

The samples analyzed (apple, grape, banana, strawberry,
tomato, cabbage, spinach, and rape), were obtained from a
local market. All the samples were taken from different
places throughout the lot (size ca 50 kg). Samples weighed
at least 1.0 kg and consisted of at least ten individual fruits
or vegetables.

A representative portion of the sample (200 g whole
fruit or vegetable) was chopped and homogenized in a
plant pulverizer (Shanghai, China). Portions (0.5 g) were
then weighed, placed in a glass mortar (50 mL capacity),
and gently blended with 1.0 g MWCNT for 5 min using a
glass pestle to obtain a homogeneous mixture. This mixture
was transferred to a 6-mL SPE tube with a polypropylene
frit at the bottom. Another frit was placed on top of the
mixture before compression to form a column packing by
use of a modified syringe plunger. A 1:1 mixture of acetone
and ethyl acetate (20 mL) was used to elute the column at a
flow rate of 1 mL min~'. The eluent was collected in a
graduated conical tube (15 mL) and evaporated to dryness
under a gentle stream of nitrogen. The residue was
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Table 1 Conditions for mass

. Retention Analyte Parent ion Daughter Fragmentor Collision
spectrometry in MRM mode time (min) ion (pl/p2) potential (V) energy (V)
1.24 Methamidophos 142.0 94.0 80 15
125.1 80 10
2.98 Monocrotophos 224.0 127.1 100 20
192.6 100 5
3.35 Mevinphos 225.2 193.3 80 10
127.1 80 15
4.97 Methidathion 303.2 85.0 80 10
145.1 80 5
5.44 Parathion-methyl 264.2 232.1 120 15
125.2 120 20
5.95 Malathion 331.3 127.1 80 10
285.2 80 5
6.95 Parathion-ethyl 292.2 236.0 120 10
264.0 120 5
7.51 Diazinon 305.2 169.0 160 20
153.2 160 20
8.50 Ethion 385.0 171.2 80 15
199.0 80 5

dissolved in 1:1 acetonitrile—water (2.0 mL) and the pH
was adjusted to 5.0 by addition of formic acid. The final
extracts were vortex mixed for 2 min and filtered through a
0.45 um Nylon syringe filter into autosampler vials for
analysis.

RRLC-MS-MS Analysis

RRLC analysis was performed on Agilent (USA) 1200
series equipment comprising quaternary pump, micro
degasser, high-performance well-plate autosampler, and
thermostated column compartment. Samples were sepa-
rated at 30 °C on an Agilent Zorbax RRHT SB-C;g column
(100 mm x 2.1 mm, 1.8-um particle). The mobile phase
was a gradient prepared from an aqueous solution con-
taining 0.1% formic acid and 10 mmol L™' ammonium
acetate (component A) and acetonitrile containing 0.1%
formic acid (component B). The gradient conditions were:
0-2.0 min, from 95% A + 5% B to 50% A + 50% B, flow
rate 0.6 mL minfl; 2.0-7.0 min, from 50% A + 50% B to
40% A + 60% B, flow rate 0.6 mL min~'; 7.0-8.5 min,
from 40% A + 60% B to 15% A + 85% B, flow rate
1.2 mL min~'; 8.5-9.0 min, from 15% A + 85% B back to
95% A + 5% B, flow rate 1.2 mL min~!; 9.0-10.0 min,
constant at 95% A + 5% B and flow rate 0.6 mL min~"' to
equilibrate the flow. The injection volume was 5.0 pL.
Mass spectrometric analysis was performed on an Agi-
lent 6410 triple-quadrupole mass spectrometer fitted with
an electrospray ionization (ESI) source and controlled by

Mass Hunter (Version B.01.03) software. The ESI source
conditions were established to furnish average maximum
intensity of the precursor ions. The compounds were
ionized in the positive-ion polarity mode. The nitrogen
nebulizer pressure was 40 psi and the nitrogen drying gas
temperature was 350 °C and the flow rate 12 L min~"'. The
capillary potential was 4,000 V. Quadrupoles Q1 and Q3
were operated at unit resolution. For MS-MS, high-purity
nitrogen (>99.99%) was used as collision gas. To optimize
the multiple reaction monitoring (MRM) transitions, each
individual pesticide at a concentration of 10 mg L™ in
acetonitrile was injected directly. Optimum conditions are
summarized in Table 1.

Results and Discussion
Optimization of MSPD Conditions

For efficient isolation of the nine OPP from fruit or vege-
table matrixes and evaluation of the analytical potential of
MWCNT as MSPD adsorbent, a series of experiments was
designed to optimize several important conditions affecting
the extraction efficiency, including the type of eluent, the
ratio of sample to adsorbent, the volume of eluent, and the
flow rate during elution. To determine the optimum ratio of
sample to adsorbent, recovery studies were conducted by
spiking blank samples (0.5 g) with 10 mg kg~' of the
analyte standards and then blending with 0.5, 1.0, 1.5, or
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Table 2 Effect of different sample-to-sorbent mass ratios on recov-
ery of the analytes

Sample:sorbent Recovery (%)* by use of 1:1 acetone—ethyl acetate

10 20 30 40
1:1 48.8-60.2 52.8-65.8  54.2-66.8  56.0-68.6
1:2 68.5-85.2 80.6-102.5 81.0-103.2 81.5-103.8
1:3 68.2-82.2 782-97.8 79.8-984  80.6-98.8
1:4 66.8-78.8 76.2-958  78.2-101.6 79.2-102.2

* Mean value from three replicate analyses of pesticide-free cabbage
sample spiked with standard solution

2.0 g of the appropriate adsorbent. For optimization of the
other three conditions, 1.0 g adsorbent was used.

For MSPD extraction, choice of the appropriate eluent is
very important. Use of the wrong eluent can result in a long
elution time and low recovery of target analytes. Four
organic solvents of different polarity, acetone, dichloro-
methane, ethyl acetate, and n-hexane, were investigated.
The experimental results showed that n-hexane did not
elute any of the nine analytes fully, and acetone and ethyl
acetate did not elute most of the analytes fully. The elution
performance of dichloromethane was best for most of the
analytes although elution of methamidophos was poor.
These results were attributed to the different polarities of
the solvents—the dielectric constants of acetone, dichlo-
romethane, ethyl acetate, and n-hexane were 20.70, 8.93,
6.02, and 1.88, respectively. To improve the eluent strength
for methamidophos, 1:1 acetone—ethyl acetate was inves-
tigated. Its dielectric constant was 13.4, approximately 4.0
higher than that of dichloromethane. The high recoveries
obtained suggested that this solvent mixture enabled good
elution of all nine analytes. It was therefore chosen for use
in subsequent experiments.

The ratio of sample to adsorbent can also affect
extraction efficiency. A series of experiments was designed
to investigate the effect of different ratios (1:1, 1:2, 1:3,
and 1:4) of sample to MWCNT adsorbent on recovery of
the nine OPP. The results are shown in Table 2. It is
apparent that recovery of most of the analytes was low
when the ratio was 1:1. This low recovery could not be
improved by increasing the volume of eluent, possibly
because the sample matrix could not be dispersed fully in
the adsorbent because the volume of adsorbent used was
too low. In contrast, recovery was satisfactory when the
ratio was 1:2, 1:3, or 1:4. Because a large volume of
adsorbent will use more MWCNT and more eluent, a 1:2
ratio of sample to adsorbent was chosen.

After the eluent was chosen, four compounds repre-
senting the distribution of polarity of the nine OPP,
methamidophos, methidathion, malathion, and ethion, were
chosen for optimization of eluent volume and elution flow
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Fig. 1 Effect of different volumes of eluent on recovery: a metham-
idophos, b methidathion, ¢ malathion, d ethion

rate. To assess the effect of eluent volume, a series of
experiments was designed in which the eluent volume was
changed from 5.0 to 30.0 mL. As shown in Fig. 1, recovery
of the target analytes increased with increasing eluent
volume from 5.0 to 30.0 mL, although recovery changed
very little for eluent volumes >20.0 mL. Thus, to achieve
complete elution of the target analytes and save time and
solvents, 20.0 mL eluent was selected.

The elution flow rate can also affect extraction effi-
ciency. To evaluate the effect of eluent flow rate, a series of
experiments was designed in which the elution flow rate
was changed from 0.2 to 1.2 mL min~'. In general,
recovery increased with decreasing flow rate, and recovery
of all analytes was satisfactory when the flow rate was
1.0 mL min~'. To save time and solvents, a flow rate of
1.0 mL min~" was selected.

Optimization of Mobile Phase, Mode of Elution,
and Mobile Phase Flow Rate

It is well known that the mobile phase, mode of elution,
and flow rate are three important conditions affecting
chromatographic separation of target analytes. A series of
experiments was designed to investigate the effect of
mobile phase on the chromatographic separation. The
mobile phases investigated were different mixtures of
acetonitrile, methanol, and water (of different pH). The
experimental results showed that a mixture of water con-
taining 0.1% formic acid and 10 mmol ammonium acetate
with acetonitrile containing 0.1% formic acid as mobile
phase was a good choice. Because of their similar chemical
structures and polarity, it is not easy to achieve complete
chromatographic separation of the nine target analytes by
isocratic elution, so gradient elution was adopted. The
gradient selected resulted in resolution of the nine target
analytes in nine min with ideal separation and good peak
shape.
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Fig. 2 Variation of mass spectrometer response with pH: a metham-
idophos, b methidathion, ¢ malathion, d ethion

Optimization of the Conditions Used for Mass
Spectrometry

The mobile phase used in LC-MS is important because it
can affect the response of the mass spectrometer to the
target analytes. In ESI, transfer of the ion to the gas phase
from solution using the appropriate solvent not only
increases the efficiency of generation of the gas phase ion
but can also enhance detection sensitivity by converting the
neutral target analyte molecule into an ion in the testing
solution. The MS response to slightly alkaline compounds
in the acidic solution is high in positive-ion scanning mode
whereas that to slightly acidic compounds is poor, as might
be expected on the basis of the theory of solution chemistry
[47]. A series of experiments was designed to investigate
the effect of solvent on MS response to the target analytes.
Except for methamidophos which is slightly alkaline, the
other eight analytes are all nearly neutral. When an acidic
solvent was used, a good MS response was obtained for
methamidophos in positive-ion scanning mode because the
acidic solvent greatly promotes pre-formation of its ion in
the sample solution, further improving the sensitivity of the
method. Acidic or alkaline mobile phases had little effect
on other eight analytes, however, because of their nearly
neutral properties. Four representative compounds, meth-
amidophos, methidathion, malathion, and ethion, were
investigated in this experiment. With 1:1 acetonitrile-water
containing 10 mmol L ammonium acetate as mobile phase
with the volatile formic acid or sodium acetate as the
regulator of acidity or alkalinity, the MS response to the
target analytes was investigated under acidic or alkaline
conditions in the pH range from 1.0 to 9.0 in positive-ion
scanning mode. pH was measured with precision pH test
paper. In Fig. 2, four detailed curves show the trend of MS
response to the four analytes with varying pH. It is apparent
that the experimental results support the previous pre-
sumption. The optimum pH was confirmed to be 5.0
because of the highest MS response to the four analytes.

The classical ESI interface usually requires a low mobile
phase flow rate to promote desolvation and thus improve
ionization efficiency. Use of a low flow rate can, however,
sacrifice the high separation efficiency of the sub-two-
micron particle chromatographic column, prolong the
retention time of the compounds, and further reduce the
sensitivity of the method. Compared with the classical ESIT
interface, with the development of high-desolvation-effi-
ciency technology, the ESI interface on the Agilent 6410
QQQ mass spectrometer has been improved to enable
mobile phase to pass through at a high flow rate without
affecting the ionization efficiency. Drying gas temperature
is usually 325-350 °C. Within this temperature range the
relationship between mobile phase flow rate and nebulizer
pressure or drying gas flow rate was investigated with the
requirement that good ESI efficiency was achieved.
According to the experimental results, to achieve good ESI
both nebulizer pressure and drying gas flow rate must be
increased when the mobile phase flow rate is increased.
This may be because incomplete ionization can result if
nebulizer pressure and drying gas flow rate are too low,
destroying the insulating property of the spray chamber.
High drying gas temperature can usually improve the
desolvation of the high-flow-rate solution. The optimum
conditions were finally confirmed to be 0.6-1.2 mL min~"
mobile phase flow rate, 40 psi nebulizer pressure, 12
L min~' drying gas flow rate, and 350 °C drying gas
temperature.

MRM mode is usually used for quantitative analysis of
organic compounds at trace levels by mass spectrometry.
To optimize performance and sensitivity, the fragmentor
potential was selected to produce the highest signal inten-
sity for the precursor ion. The collision energy was then
adjusted to produce the highest intensity for the main
fragment. To select the proper fragmentor potential, flow
injections of 10 mg L' of each individual standard solu-
tion were performed with the fragmentor potential varied
from 50 to 130 V in steps of 10 V. From the total ion
chromatogram (TIC), the corresponding [M + H]" for
ESI* was used to obtain the extracted ion chromatograms
(EIC) for the different fragmentor potentials; the optimum
fragmentor potentials were then selected. With the opti-
mum fragmentor potential, another flow injection experi-
ment was conducted to optimize the collision energy. Each
time segment of the analysis was performed by varying the
collision energy from 5 to 40 V in steps of 5 V. The
optimum collision potential was defined as that generating
the highest signal for the main fragment ion. The optimum
conditions for each MRM transition are summarized in
Table 1. Two MRM transitions were chosen for each
analyte. The transition “parent ion — daughter ion (p;)”
was used for quantification and the transition “parent
ion — daughter ion (p,)” was chosen for confirmation.
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fortified by addition of mixed standard solution (TIC), ¢ m/z 94.0 ion
for methamidophos (EIC), d m/z 127.1 ion for monocrotophos (EIC),

TIC chromatograms obtained from a blank banana sample
and a blank banana sample fortified by addition of mixed
standard solution (2.0 pg L™"), and EIC of the nine con-
firmed monitoring quantitative ions are shown in Fig. 3.

Validation of the Method

To validate the method, the calibration plot, detection limit
(LOD), quantification limit (LOQ), recovery, and repeat-
ability were studied.

Calibration plots were established by spiking 0.5 g
blank banana samples with solutions containing the nine
target analytes at six different concentrations, subjecting
them to the optimized MSPD procedure, and analyzing the
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e m/z 193.0 ion for mevinphos (EIC), f m/z 85.0 ion for methidathion
(EIC), g m/z232.1 ion for parathion-methyl (EIC), h m/z 127.1 ion for
malathion (EIC), i m/z 236.0 ion for parathion-ethyl (EIC), j m/z 169.0
ion for diazinon (EIC), and k m/z 171.2 ion for ethion (EIC)

six extracts by the method described above. The linearity
of the calibration plots was calculated for all the pesti-
cides; the linear ranges and correlation coefficients are
listed in Table 3. It is apparent there is a good linear
relationship between response and concentration over the
range selected, with correlation coefficients ranging from
0.9942 to 0.9996. This indicates the method developed in
this work performed well in quantification of the nine
target analytes.

Analytical method detection limits for the pesticides
were calculated as the amounts for which the signal-to-
noise ratio was three (S/N = 3) in MRM mode, and LOQs
were calculated as the amounts for which S/N = 10. LODs
were in the range 0.06 to 0.15 pg kg~ and LOQs were in

Table 3 Validation data for the

method Analyte Linear range (nug kgfl) cc? (rz) LOD (ng kgfl) LOQ (ng kgfl)
Methamidophos 0.5-200.0 0.9942 0.15 0.5
Monocrotophos 0.2-200.0 0.9956 0.06 0.2
Mevinphos 0.2-200.0 0.9991 0.06 0.2
Methidathion 0.2-200.0 0.9993 0.06 0.2
Parathion-methyl 0.2-200.0 0.9996 0.06 0.2
Malathion 0.2-200.0 0.9996 0.06 0.2
Parathion-ethyl 0.2-200.0 0.9986 0.06 0.2
Diazinon 0.2-200.0 0.9982 0.06 0.2
Ethion 0.5-200.0 0.9976 0.15 0.5

% Correlation coefficient
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E:tz:;?naif;ug; rfé(c):)lifery and Analyte Concentrationﬁl Mean recovery Repeatability Reproducibility
precision by analysis of 0.5 g added (ng kg ) (%) (RSD, %) (RSD, %)
blank banana sample for each Methamidophos 0.5 712 118 132
analyte at low, medium, and
high spike levels (n = 6) 100.0 766 66 70
200.0 78.8 4.8 5.8
Monocrotophos 0.2 82.0 6.8 7.2
100.0 89.9 2.6 3.6
200.0 93.2 2.0 32
Mevinphos 0.2 86.8 5.8 7.2
100.0 92.8 3.6 6.8
200.0 98.2 2.8 3.8
Methidathion 0.2 88.4 6.6 9.2
100.0 92.9 2.8 32
200.0 100.6 1.8 32
Parathion-methyl 0.2 90.2 5.4 8.6
100.0 93.8 3.6 6.8
200.0 102.8 2.8 4.6
Malathion 0.2 88.6 6.8 8.2
100.0 96.2 4.2 6.8
200.0 98.8 3.8 52
Parathion-ethyl 0.2 83.6 6.8 8.6
100.0 88.6 4.8 7.2
200.0 92.0 32 3.8
Diazinon 0.2 82.2 6.8 9.2
100.0 88.7 4.2 6.2
200.0 922 32 3.8
Ethion 0.2 76.8 8.8 11.2
100.0 82.6 5.8 7.2
200.0 86.8 3.6 5.8
:;l 31]: Sesﬁ::rilg:smii (r?aﬁ ls(agm;))les Apple Grape Strawberry Tomato Cabbage Spinach Rape
Mevinphos 0.06 0.04 0.18 0.08 0.05
Malathion 2.5 2.6 0.6 1.6 0.2 0.5
Methamidophos 0.05 0.1 0.08 0.03
No pesticides were found in Monocrotophos 0.03 0.04
bananas; parathion-ethyl, Methidathion 0.02 0.02
diazinon, and ethion were not Parathion-methyl 0.05

found in the samples

the range 0.2-0.5 pg kg~ '. The results are summarized in
Table 3.

To evaluate the accuracy of the method, recovery was
studied by spiking 0.5 g blank banana samples with
appropriate volumes of the composite working standard
solution to furnish concentrations in the final extract of 0.2
(0.5), 100.0, and 200.0 ng kg7l (low, medium, and high
concentration in the linear range). Recovery and precision
of the method were investigated by analysis of three rep-
licate samples as described above. The results, listed in
Table 4, show that the mean recovery of the nine pesticides

at three levels from blank samples are satisfactory, ranging
from 71.2 to 102.8%, which indicates the method meets
requirements stipulated for methods used for such analyses
(recovery from 70 to 110%). The precision of the method
was evaluated by study of repeatability and reproducibility,
expressed as relative standard deviations (RSD). Repeat-
ability was assessed by extraction and analysis of 0.5 g
blank samples spiked at each recovery level on the same
day; reproducibility was investigated by testing these same
samples on the next day. Replicate (n = 6 for each con-
centration) samples were analyzed and RSD was calculated
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for each pesticide (Table 4). The method was shown to be
precise, with RSD values ranging from 1.8 to 13.2% for all
the pesticides studied at all spiking levels, which again meets
requirements stipulated for such methods (RSD < 20%).

Application to Real Samples

To show the applicability of the method to real samples it
was used for analysis of residues of the nine pesticides in
five fruits (apple, grape, banana, strawberry, and tomato)
and three vegetables (cabbage, spinach, and rape) pur-
chased from a local food market in April 2009. The results
are listed in Table 5. Six of the pesticides were detected
in different amounts in four fruit and three vegetables, and
the other three pesticides were not detected. According
to Commission Directive 2000/24/EC established by the
European Union to stipulate maximum levels of organo-
phosphorus pesticide residues in fruit and vegetables,
concentrations of malathion in apple and grape exceeded
the specified values.

Conclusion

An MSPD-RRLC-MS-MS method has been developed for
simultaneous analysis of trace levels of nine OPP residues
in fruit and vegetables, and has been applied successfully.
The results show that use of MWCNT as MSPD adsorbent
results in efficient pre-concentration of the nine analytes
from fruit and vegetables. Results from analysis of eight
real fruit and vegetable samples revealed the method is
highly suitable for routine monitoring of low levels of OPP
multi-resides in fruit and vegetables, with the advantages of
ease of operation, high precision and selectivity, and low
limit of detection. It can be used to detect low levels of
OPP multi-residues in other foods.
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