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a  b  s  t  r  a  c  t

A  new  self-designed  microwave  absorption  tube  was  used  in  microwave-assisted  extraction  of  seven
organophosphorus  pesticides  from  four kinds  of  vegetable  samples.  The  non-polar  solvent  was  used  as
extraction solvent,  and  a  new  portable  microwave  extraction  apparatus  was  used.  By  sealing  graphite
powder  in  glass  tube,  microwave  absorption  tube  was  made  and  used  to heat  samples  directly.  The
vailable online 18 January 2012

eywords:
icrowave absorption tube

ortable microwave extraction apparatus
on-polar solvent

extracts  were  directly  analyzed  by  GC–MS  without  any  clean-up  process.  The  effects  of  some  experimental
parameters  on  extraction  efficiency  were  investigated  and  optimized.  3.0  g  of  sample,  25 mL  of  hexane
and  three  microwave  absorption  tubes  were  added  in  the  microwave  extraction  vessel,  the  extraction
was  carried  out  under  425  W  irradiation  power  at 70 ◦C  for 8 min.  The  recoveries  were  in  the range  of
76.5–109.4%  and  the  relative  standard  deviations  were  lower  than  13.1%.
rganophosphorus pesticides

. Introduction

Organophosphorus pesticides (OPPs) are generally used as
nsecticides in a wide variety of crop. OPPs are used extensively
n agriculture due to their relatively low cost, broad spectrum of
ctivity and high efficiency on insects. Although the use of OPPs
rovides unquestionable benefits to farmers and enhances the
ntioxidant potential in plants [1],  these pesticides are harmful
nd frequently found in soil and other environmental matrices.
he effects of carcinogenic, genotoxic, and teratogenic of OPPs
ave been individually investigated [2–5]. The OPPs can cause irre-
ersible phosphorylation of esterase in the central nervous system
f human and act as cholinesterase inhibitor [6],  which can cause
isks to human health and life. So, it is necessary to develop effec-
ive methods for determination of OPPs in foods and environmental

atrices.
A key aspect in the determination of OPPs is sample prepara-

ion. The sample preparation step before chromatographic analysis
s considerable complex, waste and expensive [7].  Many rou-
ine pretreatment methods used in the determination of OPPs
re often time consuming, labor intensive and large amount of

rganic solvent wasting. Additionally, more than one clean-up
tep are usually required. A wide variety of techniques have
een employed to extract and purify pesticides from fruits and

∗ Corresponding author. Tel.: +86 431 85168399; fax: +86 431 85112355.
E-mail address: wangziming@jlu.edu.cn (Z. Wang).

021-9673/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2012.01.018
© 2012 Elsevier B.V. All rights reserved.

vegetables, such as soxhlet extraction [8],  liquid–liquid extrac-
tion [9],  dispersive liquid–liquid micro-extraction [10], solid-phase
extraction [11], solid-phase micro-extraction [12,13], matrix
solid-phase dispersion [14,15], supercritical fluid extraction [16],
sonication extraction [17], accelerated solvent extraction [18,19],
microwave-assisted extraction (MAE) [20–23].  In MAE, a wide
range of polar or mixed organic solvents are needed and frequently
used as extraction solvent. However, non-polar solvents, such as
ether and hexane, cannot used directly in MAE. When MAE  was
employed to extract non-polar compounds, some polar solvents
had to be added to absorb microwave energy and heat sample sys-
tem, which resulted in the complexity of extraction. In recent years,
single non-polar solvent has been successfully used as extrac-
tion solvent in improved microwave-assisted extraction without
adding any polar solvent [24]. Some kinds of carbon materials have
recently been attracting more and more interest due to their excel-
lent adsorption properties [25] and microwave absorbing capability
[26–30]. These carbon materials were employed to heat samples
and accelerate the extraction process. But in most of reported lit-
erature the materials were directly added into samples and could
not be reused. Beside, a stirrer bar (Weflon) made by a synthetic
of polytetrafluoroethylene and graphite was  used in microwave-
integrated Soxhlet extraction [31].

In this study, a new microwave absorption tube was designed

and could be reused in MAE. By using microwave absorption tube,
MAE  was developed, and would be applied to the extraction of
OPPs from vegetable samples with non-polar solvent only. Because
polar solvent was not used, the polar interferents could hardly be

dx.doi.org/10.1016/j.chroma.2012.01.018
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:wangziming@jlu.edu.cn
dx.doi.org/10.1016/j.chroma.2012.01.018
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Table  1
Qualitative and quantitative data of seven OPPs.

Analytes Retention time (min) Main fragment ion (m/z) Calibration curvea Linear range (�g/kg) r LOD (�g/kg) LOQ (�g/kg)

Phorate 9.842 260b, 75, 121, 65 A = 604.21 c-358.11 1.7–170 0.9998 0.42 1.4
Diazinon 10.950 304b,137, 179, 93 A = 645.91 c-576.47 1.7–170 0.9997 0.40 1.3
Tolclofos-methyl 12.700 265b, 125, 267 A = 2629.08 c-1722.97 0.85–85 0.9998 0.15 0.5
Malathion 13.825 173b, 93, 125, 127 A = 1314.63 c-1603.19 1.7–170 0.9997 0.29 0.9
Chlorpyrifos 14.142 314b, 258, 286 A = 1239.17 c-1268.16 3.3–330 0.9996 0.38 1.3
Fenthion 14.350 278b,125, 109, 169 A = 2652.51 c-3235.67 1.7–170 0.9995 0.42 1.4

b 345.26
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Methidathion 17.467 145 ,85, 93 A = 1

a Where A and c are the peak area and concentration of the analytes, respectively
b The ion for quantitative analysis.

nvolved, and the extract can be analyzed directly by GC–MS. Some
xperiment parameters, such as amount of microwave absorbing
edium, kind of extraction solvent, solid-to-liquid ratio, extraction

emperature and extraction time, were optimized, respectively. In
ddition, a portable microwave extraction apparatus was  first used
n this study.

. Experimental

.1. Chemicals and reagents

Seven OPPs including phorate, diazinon, tolclofos-methyl,
alathion, chlorpyrifos, fenthion and methidathion, were pur-

hased from National Institute of Metrology (Beijing, China), and
he purity of OPPs is ≥98%. Stock solutions for the OPPs were
repared in hexane at 1000 �g/mL and stored at 4 ◦C. Working stan-
ard solutions were prepared daily by diluting the stock solution
ith hexane. Anhydrous sodium sulfate (99%), hexane, cyclohex-

ne, isooctane, petroleum ether and carbon tetrachloride were of
nalytical grade and purchased from Beijing Chemical Factory (Bei-
ing, China).

.2. GC–MS analysis

A  GC–MS system (GCMS-QP 2010 plus, Shimadzu, Kyoto,
apan) was used. Chromatographic separation was conducted

ith a DB-5MS capillary column (30 m × 0.25 mm I.D., film thick-
ess of 0.25 �m,  J&W Scientific, Folsom, CA, USA). Helium
purity ≥ 99.999%) was used as carrier gas at a constant flow of
.0 mL/min. The temperature program was set initially at 70 ◦C
or 1 min  to 180 ◦C at a rate of 25 ◦C/min, and then to 210 ◦C at

 rate of 5 ◦C/min (held for 6 min), finally raised to 270 ◦C (held
or 1 min). Injector temperature was maintained at 280 ◦C, and the
njection volume was 1.0 �L in the splitless mode. The ion source,

nterface temperatures and electron impact ionization energy were
00 ◦C, 250 ◦C and 70 eV, respectively. The mass spectrometer was
perated in the selective ion monitoring (SIM) mode and the char-
cteristic ions are given in Table 1. Full-scan MS data were acquired

Fig. 1. Portable microwave extraction syst
 c-1082.41 1.7–170 0.9995 0.54 1.8

in the range of m/z  50–900 to obtain the fragmentation spectra of
the analytes.

2.3. Vegetable samples

Fresh vegetable samples (cucumber, eggplant, cole, pepper)
were purchased from local supermarket (Changchun, China). The
vegetable samples were chopped and homogenized with food pro-
cessor. 50 g of vegetable sample was weighed and spiked with
working standard solutions. The spiked samples were stored for
24 h in the dark place at room temperature. The cucumber sam-
ple was used in the optimization of experimental conditions. All
experiments were performed in triplicate.

2.4. Preparation of microwave absorption tube

In this paper, graphite powder was  used as microwave absorb-
ing medium. 0.4 g of graphite powder was filled in a glass tube (ϕ
0.9 cm,  L 3.0 cm,  thickness 1.0 mm),  and the tube was then sealed.

2.5. Portable microwave extraction apparatus

The portable microwave extraction apparatus (Fig. 1A) con-
sists of a portable microwave oven (WBP-TP-660, WaveBox, USA),
thermometry system, PTFE microwave closed-vessels (Fig. 1B) and
microwave absorption tube. The microwave energy of the portable
microwave oven can be continuously transmitted to the extrac-
tion vessel. Its maximum microwave output power is 425 W with
2460 MHz  of microwave irradiation frequency.

A fluorescence thermometry system (FOTS-100A, Probing Tech-
nologies Inc, Canada) with the detecting temperature range from
−40 to 200 ◦C was  used to measure the temperature of sample
system.

2.6. MAE
3.0 g of vegetable samples, 25 mL  of hexane and microwave
absorption tube were transferred into PTFE microwave closed-
vessel. Under 425 W of microwave irradiation, MAE  was  hold at

em (A) and the extraction vessel (B).



8 atogr. A 1229 (2012) 6– 12

7
t
d
a

3

3

s
i
m
a
w
m
w

3

i
p
t
t
o
t
w
i
t

3
t

m
4
o
t
t
o
t
m
a

3

a
v
t
p

3

q
a
s
a
s
U
t
w
m
p
a
t

Fig. 2. Effect of extraction solvent *Extraction temperature, 70 ◦C; extraction time,
X. Zhao et al. / J. Chrom

0 ◦C for 8 min. After extraction, the extract obtained was  concen-
rated to dryness in rotary evaporator at 30 ◦C. The residue was
issolved in 1 mL  of hexane, filtrated through 0.22 �m membrane,
nd then directly analyzed by GC–MS.

. Results and discussion

.1. Microwave absorption tube

Generally, non-polar solvents cannot be used as extraction
olvents in MAE, because the solvents are not microwave absorb-
ng compounds. Some kinds of polar solvents, such as acetone,

ethanol, ethanol and so on, were frequently used as microwave
bsorbing medium, even though so many undesired interferents
ould be simultaneously extracted [31–34].  In this study, the solid
icrowave absorbing medium was used to replace polar solvent
hen non-polar solvent was solely used in MAE.

.1.1. Kind of microwave absorbing medium
In this study, three kinds of microwave absorbing mediums,

ncluding graphite powder, active carbon powder and carbonyl iron
owder [27], were used as filling materials in microwave absorp-
ion tube. The heating capabilities of the microwave absorption
ube were compared under the same microwave irradiation. It was
bserved that the heating capabilities of three microwave absorp-
ion tubes were similar, but the microwave absorption tube stuffed
ith active carbon powder and carbonyl iron powder were both

nsecure to burst frequently. Finally, graphite powder was chosen
o be filling materials in microwave absorption.

.1.2. Microwave absorbing capability of microwave absorption
ube

A comparison of microwave absorbing capability between
icrowave absorption tube with acetone was carried out. Under

25 W of microwave irradiation, it took about 50 s to heat 25 mL
f hexane from 18 ◦C to 70 ◦C when three microwave absorption
ubes (1.2 g of graphite powder) were used. Correspondingly, it
ook about 210 s when 25 mL  of acetone was used. It is obvi-
us that microwave absorbing capability of microwave absorption
ube is much higher than that of acetone. It can be supposed that

icrowave absorption tube made by filling graphite powder would
ccelerate the MAE  process.

.2. Optimization of MAE  conditions

In MAE, many conditions can affect the extraction, such as
mount of microwave absorbing medium, kind of extraction sol-
ent, solid-to-liquid ratio, extraction temperature and extraction
ime. In this paper, the effects of MAE  conditions on the extraction
rocess and recoveries of OPPs were studied.

.2.1. Amount of microwave absorbing medium
Three microwave absorption tubes were filled with different

uantities of graphite powder (0.2, 0.4 and 0.6 g), respectively,
nd the heating speeds of the tubes were compared under the
ame microwave irradiation. The experiment was performed on

 household microwave oven (SANYO, China) equipped with a
hielded non-invasive thermometry system (EXERGEN, Irt/c.01,
SA) with a maximum microwave output power of 360 W.  The

emperatures of these microwave absorption tubes were measured
ith the infrared thermometry system, and the heating speeds of

icrowave absorption tubes filled with 0.4 and 0.6 g of graphite

owder were both favorable. However, the size of microwave
bsorption tube filled with 0.6 g of graphite powder was  too big
o be completely immersed in the extraction solvent. So, 0.4 g of
8  min; solid-to-liquid ratio, 3:25 (g/mL); number of microwave absorption tubes,
three.

graphite powder was  finally chosen to be the optimal amount in
microwave absorption tube.

The number of microwave absorption tube is closely related
to the heating speed of sample system. The effect of number of
microwave absorption tubes on the heating speed of sample sys-
tem (25 mL  of hexane and 3.0 g of vegetable samples) were tested,
and the results showed that the heating speed increased obviously
with the increase of microwave absorption tube number. Consid-
ering that the size of PTFE vessel and the volume of the extraction
solvent, three microwave absorption tubes were finally selected.

3.2.2. Kind of extraction solvent
In this study, non-polar solvents, including hexane, cyclohex-

ane, isooctane, petroleum ether and carbon tetrachloride, were
tested, respectively. The experimental results were obtained in
triplicate and are shown in Fig. 2. It can be seen that the recov-
eries of seven OPPs obtained using hexane as extraction solvent
are the highest. After GC–MS analysis, the extract obtained with
hexane was proved to be clean enough to be directly analyzed
because few of polar interferent was  detected. Therefore, hexane
was  chosen to be the optimal solvent for extraction of OPPs in MAE
experiment.

3.2.3. Solid-to-liquid ratio
Several solid-to-liquid ratios were tested to investigate the

influences on the recoveries of OPPs. In these tests, the volume
of solvent was fixed at 25 mL  in order to ensure the pressure of
closed-vessel to be same. All the experiments were performed in
triplicate. The results are shown in Fig. 3. Most of the recoveries of
OPPs were the highest when the ratio was 3:25 (g/mL). Therefore,
3:25 (g/mL) was considered as the optimal solid-to-liquid ratio for
the MAE  process.

3.2.4. Extraction temperature
The influences of extraction temperature on recoveries of OPPs

were studied. Four different extraction temperatures (60, 70, 80
and 90 ◦C) were tested, respectively. The experimental results were
obtained in triplicate and are shown in Fig. 4. It can be seen that
the recoveries of OPPs are the highest when the extraction tem-

perature is held to be 70 ◦C, except for those of tolclofos-methyl
and fenthion. Generally, the recoveries of OPPs would increase
along with the increase of extraction temperature. The recoveries
of some OPPs decreased when extraction temperature exceeded
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ig. 3. Effect of solid-to-liquid ratio Extraction solvent, hexane; extraction tem-
erature, 70 ◦C; extraction time, 8 min; number of microwave absorption tubes,
hree.

0 ◦C, which may  be due to the loss of volatilization of these ana-
ytes at higher temperature [35]. Finally, 70 ◦C was chosen to be the
easible extraction temperature.

.2.5. Extraction time
The effect of extraction time on recoveries of OPPs was investi-

ated. The experimental results indicate that when the extraction
ime is shorter than 8 min, the recoveries for OPPs increase with
he increase of the extraction time, and most of the recoveries of
PPs are the highest when the extraction time is 8 min. Thus, 8 min
as considered as the appropriate extraction time.

.2.6. Statistical analysis

To evaluate the optimization of these extraction parameters, the

tudent’s t-test was applied, and the t values are listed in Table 2.
he statistical analysis indicates that the differences between
he optimal values and the nearest values for the experimental

able 2
 values between experimental parameter.

Experimental parameter Parameter values Analytes

Phorate Diazinon Tol

Solid-to-liquid ratio (g/mL) 1:25 3.7 3.1 1.9 

2:25
2:25  5.0 6.9 2.4 

3:25
3:25  2.4 0.6 0.2 

4:25
4:25 1.4 3.9 2.2 

5:25
Extraction temperature (◦C) 60 10.4 8.2 1.7 

70
70  4.7 11.6 1.8 

80
80  1.3 0.3 1.5 

90
Extraction time (min) 6 9.2 7.5 6.9 

8
8  5.5 3.6 2.5 

10
10 0.2  2.0 0.1 

12
12  1.4 1.3 0.1 

14

0.05,4 = 2.78.
8  min; solid-to-liquid ratio, 3:25 (g/mL); number of microwave absorption tubes,
three.

parameters are significant (P < 0.05). So, the selected optimal
extraction parameters should be reasonable.

3.3. Validation of the method

Seven OPPs were identified by their retention time and
fragmentation spectra in the chromatograms. Standard curves
were made with freshly prepared standard solutions. All the
experiments were performed in triplicate. The linear regres-
sion equations, linear ranges and correlation coefficients are
listed in Table 1. The correlation coefficients (r) ranging from
0.9995 to 0.9998 are obtained for all the analytes. The instru-
mental limits of detection (LODs) (S/N = 3) and quantification

(LOQs) (S/N = 10) are listed in Table 1. The LODs and LOQs are in
the range of 0.15–0.54 �g/kg and 0.5–1.8 �g/kg for all analytes,
respectively.

clofos-methyl Malathion Chlorpyrifos Fenthion Methidathion

6.8 3.5 2.3 2.1

3.6 1.7 4.4 2.4

0.1 0.1 0.1 0.9

0.5 0.1 1.7 1.7

3.2 7.9 0.3 1.7

3.1 4.1 12.1 2.2

0.9 0.4 4.1 2.2

3.1 1.9 4.4 0.6

0.6 1.2 0.1 0.5

0.1 0.7 0.7 0.1

0.5 1.9 6.1 1.7
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F mple (b) *Concentration of each pesticide, 30 �g/kg for phorate, diazinon, methidathion,
f os. 1. phorate, 2. diazinon, 3. tolclofos-methyl, 4. malathion, 5. chlorpyrifos, 6. fenthion,
a
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Table 3
Concentrations of seven OPPs in four vegetable samples (�g/kg) (n = 3).

Analytes Cucumber Eggplant Cole Pepper

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Phorate 1.83 ± 0.12 1.95 ± 0.11 1.77 ± 0.09 ND
Diazinon ND ND ND ND
Tolclofos-methyl ND ND 2.29 ± 0.11 ND
Malathion 2.41 ± 0.22 3.36 ± 0.14 4.48 ± 0.19 2.11 ± 0.09

T
R

ig. 5. The GC–MS chromatograms of cucumber sample (a) and spiked cucumber sa
enthion and malathion; 15 �g/kg for tolclofos-methyl and 60 �g/kg for chlorpyrif
nd  7. methidathion.

.4. Real sample analysis

The proposed method was applied to the determination of
PPs residues in four vegetable samples (cole, eggplant, pepper
nd cucumber). The analytical results are shown in Table 3. Chro-
atograms of both unspiked and spiked samples are shown in

ig. 5. Some kinds of OPPs including phorate, tolclofos-methyl,
alathion, chlorpyrifos, fenthion and methidathion are detectable

n the real samples. The concentrations of the OPPs in the real
amples are in the range of 1.67–8.57 �g/kg. Diazinon was  not

etectable in all the real samples. These pesticide concentrations
ound are all lower than Maximum Residue Limits (0.01 mg/kg)
36,37]

able 4
ecoveries and RSD for spiked vegetable samples at two different concentration levels of

Analytes Spiked concentration (�g/Kg) Cucumber Eg

Recovery (%) RSD (%) Re

Phorate 10 91.5 7.87 8
50  92.1 4.34 8

Diazinon 10 90.5 2.72 8
50  93.6 3.56 8

Tolclofos-methyl 5 91.4 1.51 7
25  96.4 4.31 8

Malathion 10 107.7 9.24 8
50  106.5 2.94 10

Chlorpyrifos 20 104.1 4.34 9
100  108.4 3.50 8

Fenthion 10 98.6 4.79 7
50  101.1 7.41 8

Methidathion 10 105.8 4.82 8
50  104.5 4.54 10
Chlorpyrifos ND 3.11 ± 0.03 ND ND
Fenthion ND 2.26 ± 0.09 1.73 ± 0.04 1.67 ± 0.22
Methidathion 8.57 ± 0.38 ND 2.68 ± 0.16 4.87 ± 0.43

ND, not detected; SD, standard deviation.

 OPPs (n = 3).

gplant Cole Pepper

covery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%)

0.2 6.64 85.4 4.00 84.3 6.78
0.4 5.33 86.4 5.17 81.4 11.8
4.1 5.43 76.7 2.14 86.9 7.82
6.1 9.77 79.6 10.9 78.5 11.2
8.2 4.08 76.5 2.81 78.0 4.09
6.6 7.54 78.9 8.96 78.9 5.97
3.6 4.69 85.1 2.30 100.7 9.61
8.1 2.20 96.1 12.0 99.4 5.68
4.6 1.24 77.9 3.14 87.5 1.30
2.5 10.5 84.2 7.15 85.2 3.55
8.9 4.31 79.1 2.88 84.4 13.1
4.1 8.43 84.7 7.17 81.3 2.78
6.0 5.62 86.0 5.44 96.2 8.54
9.4 4.61 105.6 12.8 100.9 8.77



X. Zhao et al. / J. Chromatogr

Ta
b

le

 

5
C

om
p

ar
is

on

 

w
it

h

 

ot
h

er

 

re
p

or
te

d

 

M
A

E 

m
et

h
od

s 

fo
r 

p
es

ti
ci

d
e 

d
et

er
m

in
at

io
n

.

A
n

al
yt

es

 

Sa
m

p
le

p
re

p
ar

at
io

n

 

st
ep

Ex
tr

ac
ti

on
ti

m
e 

(m
in

)
Ex

tr
ac

ti
on

te
m

p
er

at
u

re
(◦ C

)

El
ec

tr
ic

en
er

gy
/s

ol
ve

n
t

vo
lu

m
e

(k
W

 

h
/L

)

R
ec

ov
er

y 
(%

) 

R
ef

.

O
PP

s 

V
eg

et
ab

le
ac

et
on

it
ri

le
/

ac
et

on
e 

(5
0:

50
, 

v/
v)

−→

 

ex
tr

ac
ti

on
d

SP
E 

(P
SA

, m
ag

n
es

iu
m

 

su
lf

at
e)

−→

 

cl
ea

n

 

u
p

G
C
–M

S
−→

an
al

ys
is

 

9 

75
–8

0 

3 

82
–1

14

 

[3
3]

O
C

Ps

 

V
eg

et
ab

le
h

ex
an

e/
ac

et
on

e 

(5
0:

50
, 

v/
v)

−→

 

ex
tr

ac
ti

on
EN

V
I-

C
ar

b  

SP
E 

ca
tr

id
ge

−→

 

C
le

an

 

u
p

h
ex

an
e/

et
h

yl

 

ac
et

at
e 

(8
0:

20
)

−→

 

el
u

ti
on

G
C
–E

C
D

−→
an

al
ys

is

 

12

 

N
o 

co
n

tr
ol

 

8 

92
–1

32

 

[3
0]

O
C

Ps

 

Se
as

am
e 

se
ed

w
at

er
/

ac
et

on
it

ri
le

 

(5
:9

5,

 

v/
v)

−→

 

ex
tr

ac
ti

on
ce

n
tr

if
u

ge
−→

fl
or

is
il

 

ca
tr

id
ge

−→
cl

ea
n

 

u
p

h
ex

an
e/

et
h

yl

 

ac
et

at
e 

(8
0:

20
)

−→

 

el
u

ti
on

G
C
–M

S
−→

 

an
al

ys
is

 

10

 

10
0 

4 
84

–1
05

 

[4
0]

O
C

Ps

 

Pl
an

ts
h

ex
an

e/
ac

et
on

e 

(1
:1

, 

v/
v)

−→

 

ex
tr

ac
ti

on
al

u
m

in
e,

 

fl
or

os
il

 

Se
p

-P
ak

 

ca
tr

id
ge

−→
cl

ea
n

 

u
p

h
ex

an
e/

et
h

yl

 

ac
et

at
e 

(8
0:

20
)

−→

 

el
u

ti
on

G
C
–E

C
D

−→
an

al
ys

is

 

12

 

95
–1

07

 

8 
50

–1
08

 

[2
0]

M
u

lt
ir

es
id

u
es

p
es

ti
ci

d
es

Ed
ib

le

 

se
aw

ee
d

h
ex

an
e/

et
h

yl

 

ac
et

at
e 

(8
0:

20
, 

v/
v)

−→

 

ex
tr

ac
ti

on
G

C
B

, fl
or

os
il

 

ca
tr

id
ge

−→

 

cl
ea

n

 

u
p

h
ex

an
e/

et
h

yl

 

ac
et

at
e 

(8
0:

20
)

−→

 

el
u

ti
on

PT
V
–L

IV
–G

C
/

M
S/

M
S

−→

 

an
al

ys
is

 

20

 

12
5 

10

 

– 

[4
1]

O
PP

s  

V
eg

et
ab

le
M

A
T,

 

h
ex

an
e

−→

 

ex
tr

ac
ti

on
G

C
–M

S
−→

 

an
al

ys
is

 

8 

70
 

2 

76
.5

–1
09

.4

 

Th
is

 

m
et

h
od
. A 1229 (2012) 6– 12 11

In order to validate the accuracy of MAE  procedure, the spiked
samples were analyzed in triplicate and the results are shown in
Table 4. The recoveries are in the range of 76.5–109.4%, and the rel-
ative standard deviations (RSDs) are ≤13.1%. These results could be
acceptable. The proposed MAE  was  proved to be a feasible method
in extracting OPPs from vegetable samples with non-polar solvent
only.

3.5. Safety consideration

In this work, the extraction was  carried out with a commercial
PTFE microwave closed-vessel. At airtight condition, inflammation
could hardly taken place because of the lack of oxygen. The secu-
rity of microwave absorption tube filled with graphite powder was
tested again and again, and no blast happened in the extraction pro-
cess. The bearable pressure of the PTFE microwave closed-vessel is
200 p.s.i. (ca.14 bar) [38]. In proposed MAE, the extraction process
was  carried out using hexane as extraction solvent, the pressures of
the solvent inside PTFE microwave closed-vessel can be obtained
based on Antoine equation [39] and are about 1.21 bar, 1.63 bar and
2.14 bar at temperatures 70 ◦C, 80 ◦C and 90 ◦C, respectively. So, the
proposed method should be safe.

3.6. Comparison of the proposed method with other MAE  methods

A comparison between the proposed method and other MAE
methods reported in literature was  made, and the results are shown
in Table 5. The results indicate that there is no significant difference
in the recoveries obtained by different methods. However, com-
pared with other method is simpler, and has some advantages in
extraction time and electricity energy consumption.

In recent report, graphite fiber was  the fist time used as a sorbent
in micro-solid phase extraction, coupled with MAE. The graphite
fiber exhibits excellent extraction capability for the extraction of
polycyclic aromatic hydrocarbon compounds [25]. A polytetraflu-
oroethylene/graphite compound (Weflon) was used as a stir bar in
Soxhlet extraction assisted by microwave and the extraction of fats
and oils was  complete and efficient [31]. In this study, the graphite
powder was  sealed in the glass tube was used as microwave
absorbing medium for the extraction of OPPs. The results were
satisfactory.

4. Conclusions

In this study, by sealing graphite powder in glass tube,
microwave absorption tube was made and used to directly heat
sample system under microwave irradiation. Microwave absorp-
tion tube was  harmless and could be reused. With both the
assistance of microwave absorption tube and the use of portable
microwave extraction apparatus, seven OPPs were extracted from
vegetable samples by MAE  using single non-polar solvent at 70 ◦C
within 8 min, and the extracts were directly analyzed by GC–MS
without any clean-up step. Some experimental parameters of MAE
were studied and optimized. The proposed method was proved to
be a simple, efficient and feasible method in extracting OPPs from
vegetable samples.

Acknowledgments
This work was  supported by the National Natural Science Foun-
dation of China (No. 20905030) and the China Postdoctoral Science
Foundation (No. 20090461039).



1 atogr

R

[

[

[
[
[
[
[
[
[
[

[

[

[
[
[

[
[

[

[
[
[

[

[
[
[

[
[

[

[

2 X. Zhao et al. / J. Chrom

eferences

[1] C.A. Jaleel, R. Gopi, P. Manivannan, R. Panneerselvam, Pestic. Biochem. Physiol.
91  (2008) 170.

[2] E.D. Wagner, S.M. McMillan, M.J. Plewa, Bull. Environ. Contam. Toxicol. 75
(2005) 329.

[3] L. Sarabia, I. Maurer, E. Bustos-Obregón, Ecotoxicol. Environ. Saf. 72 (2009) 663.
[4] G. Giordano, Z. Afsharinejad, M.  Guizzetti, A. Vitalone, T.J. Kavanagh, L.G. Costa,

Toxicol. Appl. Pharmacol. 219 (2007) 181.
[5] H.G. Kang, S.H. Jeong, J.H. Choa, D.G. Kima, J.M. Park, M.H. Chob, Toxicology 199

(2004) 219.
[6] M.A. Sogorb, E. Vilanova, Toxicol. Lett. 128 (2002) 215.
[7] B. Gilbert-López, J.F. García-Reyes, A. Molina-Díaz, Talanta 79 (2009) 109.
[8] R. Sanghi, V. Tewar, Bull. Environ. Contam. Toxicol. 67 (2001) 587.
[9] N.M. Britoa, S. Navickienea, L. Polesea, E.F.G. Jardima, R.B. Abakerlib, M.L.

Ribeiroa, J. Chromatogr. A 957 (2002) 201.
10] E.C. Zhao, W.T. Zhao, L.J. Han, S.R. Jiang, Z.Q. Zhou, J. Chromatogr. A 1175 (2007)

137.
11] M.  Barriada-Pereira, M.J. González-Castro, S. Muniategui-Lorenzo, P. López–Ma

hía,  D. Prada-Rodríguez, E. Fernández-Fernández, J. Chromatogr. A 1061 (2004)
133.

12] M. Chai, G. Tan, A. Lal, Anal. Sci. 24 (2008) 273.
13] C. Tsoutsi, I. Konstantinou, D. Hela, T. Albanis, Anal. Chim. Acta 573 (2006) 216.
14] P.C. Abhilash, S. Jamil, N. Singh, J. Chromatogr. A 1176 (2007) 43.
15] C. Blasco, G. Font, Y. Picó, J. Chromatogr. A 1028 (2004) 267.
16] K.N.T. Norman, S.H.W. Panton, J. Chromatogr. A 907 (2001) 247.
17] J. You, D.P. Weston, M.J. Lydy, Arch. Environ. Contam. Toxicol. 47 (2004) 141.
18]  D.L. Wang, J. You, M.J. Lydy, Arch. Environ. Contam. Toxicol. 59 (2010) 382.

19] S.K. Cho, A.M. Abd El-Aty, H.R. Jeon, J.H. Choi, H.C. Shin, J.H. Shim, Biomed.

Chromatogr. 22 (2008) 727.
20] M.  Barriada-Pereira, E. Concha-Graña, M.J. González-Castro, S. Muniategui

Lorenzo, P. López-Mahía, D. Prada-Rodríguez, E. Fernández-Fernández,
J.  Chromatogr. A 1008 (2003) 115.

[
[

[

. A 1229 (2012) 6– 12

21] A. Bouaid, A. Martín-Esteban, P. Fernández, C. Cámara, Fresenius J. Anal. Chem.
367 (2000) 291.

22] K. Ganzler, A. Salgó, K. Valkó, J. Chromatogr. 371 (1986) 299.
23] B. Zhang, R.Y. Yang, C.Z. Liu, Sep. Purif. Technol. 62 (2008) 480.
24] Y. Yu, Z.M. Wang, Y.T. Wang, T.C. Li, J.H. Cheng, Z.Y. Liu, H.Q. Zhang, Chin. J.

Chem. 25 (2007) 346.
25] L. Xu, H.K. Lee, J. Chromator. A 1192 (2008) 203.
26] Z.M. Wang, L. Ding, T.C. Li, X. Zhou, L. Wang, H.Q. Zhang, J. Chromatogr. A 1102

(2006) 11.
27] Z.M. Wang, L. Wang, T.C. Li, X. Zhou, L. Ding, Y. Yu, A.M. Yu, H.Q. Zhang., Anal.

Bioanal. Chem. 386 (2006) 1863.
28] M.E. Lucchesi, F. Chemat, J. Smadja, J. Chromatogr. A 1043 (2004) 323.
29] N. Li, C.H. Deng, Y. Li, H. Ye, X.M. Zhang, J. Chromatogr. A 1133 (2006) 29.
30] M. Barriada-Pereira, M.J. González-Castro, S. Muniategui-Lorenzo, P. López-

Mahía, D. Prada-Rodríguez, E. Fernández-Fernández, Talanta 71 (2007)
1345.

31] M.  Virot, V. Tomao, C. Ginies, F. Visnoni, F. Chemat, J. Chromatogr. A 57 (2008)
1196.

32] V. Camel, Trends Anal. Chem. 19 (2000) 229.
33] G. Satpathy, Y.K. Tyagi, R.K. Gupta, Food Chem. 127 (2011) 1300.
34] H.M. Pylypiw, T.L. Arsenault, C.M. Thetford, M.J.I. Mattina, J. Agric. Food Chem.

45 (1997) 3522.
35] Q.X. Zhou, H.H. Bai, G.H. Xie, J.P. Xiao, Chromatogr J. A 1188 (2008) 148.
36] Health and safety Executive, Chemical regulation directorate peticides.

https://secure.pesticides.gov.uk/MRLs/ [accessed October 2009].
37] EU MRLs shorted by pesticides updated 04/11/2004 disposable at

http://europ.eu.int European Union, Brussels, 2005.
38] C.S. Eskilsson, E. Björklund, J. Chromatogr. A 902 (2000) 227.

39] J.F. Wang, C.X. Li, Z.J. Li, Y.B. Jiang, Fluid Phase Equilib. 255 (2007) 186.
40]  E.N. Papadakis, Z. Vryzas, E. Papadopoulou-Mourkidou, J. Chromatorgr. A 1127

(2006) 6.
41] D. García-Rodríguez, A.M. Carro, R. Cela, R.A. Lorenzo, Anal. Bioanal. Chem. 398

(2010) 1005.


	An application of new microwave absorption tube in non-polar solvent microwave-assisted extraction of organophosphorus pes...
	1 Introduction
	2 Experimental
	2.1 Chemicals and reagents
	2.2 GC–MS analysis
	2.3 Vegetable samples
	2.4 Preparation of microwave absorption tube
	2.5 Portable microwave extraction apparatus
	2.6 MAE

	3 Results and discussion
	3.1 Microwave absorption tube
	3.1.1 Kind of microwave absorbing medium
	3.1.2 Microwave absorbing capability of microwave absorption tube

	3.2 Optimization of MAE conditions
	3.2.1 Amount of microwave absorbing medium
	3.2.2 Kind of extraction solvent
	3.2.3 Solid-to-liquid ratio
	3.2.4 Extraction temperature
	3.2.5 Extraction time
	3.2.6 Statistical analysis

	3.3 Validation of the method
	3.4 Real sample analysis
	3.5 Safety consideration
	3.6 Comparison of the proposed method with other MAE methods

	4 Conclusions
	Acknowledgments
	References


