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a b s t r a c t

A method was developed for the simultaneous determination of 15 phenylurea herbicides (fenuron,
tebuthiuron, metoxuron, monuron, chlortoluron, fluometuron, isoproturon, diuron, monolinuron, meto-
bromuron, buturon, siduron, linuron, chlorbromuron, and neburon) in rice and corn samples by HPLC with
fluorescence detection combined with UV decomposition and post-column derivatization. After extraction
with acetonitrile and evaporation, the herbicides were redissolved in n-hexane and purified on a Florisil
solid-phase extraction column. HPLC separation was carried out on a C18 column with water–acetonitrile
gradient elution. UV decomposition was carried out under a 254-nm UV lamp. The method was evaluated
in terms of the limits of detection and quantification. The linearity was satisfactory, with a correlation
coefficient of >0.9980. Precision and recovery studies were evaluated at three concentration levels for each
matrix. Good precision was obtained, with relative standard deviation in the range 1.5–9.6% for spiked
rice samples and 0.9–9.9% for spiked corn samples. Recovery (n = 6) ranged between 75.3% and 104.3% for

rice and between 75.0% and 105.1% for corn. The intra-day precision (n = 5) for the 15 herbicides in rice
and corn samples spiked at an intermediate level was between 1.5% and 7.1%, and the inter-day precision
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. Introduction

Many herbicides are used for agricultural purposes all over the
orld. Despite their benefits in increasing agricultural production,
erbicides, including phenylurea compounds, can have a negative

mpact on the environment [1,2]. The wide use of herbicides leads to
ioaccumulation through the food chain, so that these compounds
an eventually pose a risk to animals and humans. The harm-
ul effects of pesticides on humans include carcinogenesis, nerve
isorders and immunological and respiratory diseases. For these
easons, there is a growing demand for fast and reliable pesticide
onitoring in agriculture and food production.
Phenylurea herbicides are widely used because of their inhi-

ition of photosynthesis that provides pre- and post-emergence
ontrol of many annual and perennial weeds in rice, corn, soy-

ean, cotton and potato crops [1,3]. Owing to their high toxicity
4] and possible carcinogenicity, the determination of phenylurea
erbicides at low concentrations in agricultural samples is of prime

mportance.
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Methanol has been used as an extraction solvent for the analysis
f phenylurea herbicides in plant samples [5]. Sample prepara-
ion was accomplished by liquid–liquid extraction. This technique
s common, but is time-consuming and complicated and requires
arge amounts of organic solvents [6]. In the present study, the
xtraction method for phenylurea herbicides was significantly
implified to facilitate sample pretreatment and extraction, with
onsequent good recovery and selectivity [7].

Florisil is very effective in cleaning up sample extracts by
dsorbing polar contaminants before determination by HPLC
8]. This technique offers a simple and selective means of
urifying extracts before analysis. In addition, it offered the poten-
ial of reducing the use of organic solvents normally used in
urifying extracts of complex matrices such as rice and corn sam-
les.

Phenylurea herbicide concentrations have been determined
sing gas chromatography (GC) [1,9–11], HPLC for plant material
12,13], soil [14,15], and water samples [16,17] and electrochemi-

al detection for groundwater samples [4]. However, determination
f phenylurea herbicide concentrations by GC is difficult owing to
hermal decomposition [3], so various derivatization techniques
ave been used to solve this problem [11]. HPLC allows direct
nalysis of phenylurea herbicides [16]. HPLC with UV detection

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:renxiangmou@hotmail.com
dx.doi.org/10.1016/j.jchromb.2008.09.022
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Table 1
The time procedure of gradient elution

Time (min) Acetonitrile (%) Water (%)

0:0 30 70
15:0 50 50
31:0 90 10
31:5 30 70
40:0 30 70

Table 2
Retention times and resolution for 15 phenylurea herbicides

Herbicides Retention time (min) Resolution

Fenuron 9.857 13.40
Tebuthiuron 11.913 5.59
Metoxuron 13.497 3.54
Monuron 15.273 4.42
Chlortoluron 19.073 9.67
Fluometuron 19.822 1.90
Isoproturon 20.489 1.83
Diuron 21.159 1.45
Monolinuron 21.745 1.27
Metobromuron 23.022 3.57
Buturon 24.734 5.02
Siduron I 25.193 1.89
Siduron II 25.736 2.07
L
C
N

w
(

2

(
h
a
p
w
1
p
j
T
t

U
a
w
a

38 R.-X. Mou et al. / J. Chrom

as been used to assay water [16,17] and soil samples [14,15].
ecause of a lack of selectivity [6,18], no official method for simul-
aneous direct determination of trace phenylurea herbicides in
lant matrices is available, although some methods have been
ested in comparative studies [12,13]. This led to the devel-
pment of a post-column derivatization procedure that greatly
mproved the analytical selectivity and allowed HPLC assays of
race amounts of phenylurea herbicides in complicated matri-
es.

HPLC analysis of phenylurea herbicides using UV decomposition
nd post-column derivatization has been described in the liter-
ture, but the three methods could only detect 14 [5], 4 [6] and
0 [19] phenylurea herbicides. In addition, owing to the poor res-
lution reported in previous studies [5], complete separation for
etermination of 14 phenylurea herbicides was difficult to achieve.

n the present study, we used a similar approach for the analysis
f 15 phenylurea herbicides in rice and corn samples. The analytes
ere well separated and subsequent UV treatment produced pri-
ary amines that could be labeled with o-phthalaldehyde (OPA) to

orm fluorescent isoindole derivatives (Fig. 1).
Sensitive and efficient Florisil solid-phase extraction (SPE) was

ollowed by HPLC with fluorescence detection combined with UV
ecomposition and post-column derivatization for the simultane-
us determination of 15 phenylurea herbicides in rice and corn
amples.

. Experimental

.1. Chemicals and solvents

HPLC-grade acetonitrile and methanol were obtained from
erck (Darmstadt, Germany). Acetone, n-hexane and toluene were

btained from Tedia (Fairfield, USA). Sodium chloride was obtained
rom Shanghai No. 4 Reagent & H.V. Chemical Company (Shanghai,
hina). OPA and Thiofluor (reagent grade) were purchased from
ickering Labs (USA). Sodium tetraborate and sodium hydroxide
ere purchased from Acros Organics (New Jersey, USA). HPLC-

rade water was obtained from a Milli-Q water purification system
Millipore Corp., USA) and used to prepare all aqueous solu-
ions.

Thiofluor stock solution was prepared by dissolving 2 g of
hiofluor in 10 mL of methanol. OPA stock solution was prepared
y dissolving 0.1 g of OPA in 10 mL of methanol. Sodium tetrabo-
ate stock solution was prepared by dissolving 7.5 g of ACS-grade
odium tetraborate in 1000 mL of HPLC-grade water and adjusting
he pH to 10.5.

The post-column derivatization solution was prepared by
dding 5 mL each of the OPA and Thiofluor stock solutions to 500 mL
f the sodium tetraborate stock solution. The resulting solution was
sed within 24 h.
Analytical standards of fenuron, tebuthiuron, metoxuron,
onuron, chlortoluron, fluometuron, isoproturon, diuron, mono-

inuron, metobromuron, buturon, siduron, linuron, chlorbro-
uron, neburon were obtained from Dr. Ehrenstorfer GmbH,
ermany.

e
r
t
0
r

Fig. 1. Analytical scheme for the determin
inuron 26.560 2.13
hlorbromuron 27.278 2.10
eburon 30.642 9.87

The mobile-phase and post-column derivatization solution
ere filtered through 0.45-�m cellulose acetate (water) or PTFE

ACN) filters and degassed by sonication prior to use.

.2. Sample preparation

Samples were finely ground using a model HR-2870 Philips mill
Philips, Zhuhai, China). An accurately weighed 10-g portion was
omogenized at high speed for 2 min with 50 mL of acetonitrile in
150-mL Erlenmeyer flask. The mixture was filtered through filter
aper into a mixing cylinder and sealed with a stopper. NaCl (10 g)
as added and the cylinder was manually shaken vigorously for
min. Then the phases were allowed to stand for 20 min. A 25-mL
ortion of the supernatant was removed by pipette and evaporated

ust to dryness using a vacuum evaporator (water bath at 50 ◦C).
he residue was dissolved in 2 mL of n-hexane and then subjected
o SPE clean-up.

Florisil SPE columns (6 mL, 1000 mg; Agilent Technologies,
SA) were conditioned by sequential washing with 5 mL of
cetone/n-hexane (40:60, v/v) and 5 mL of n-hexane. The extract
as transferred to a washed column and eluted with 10 mL of

cetone/n-hexane (40:60, v/v). The eluate was collected in a conical
◦
vaporating flask and evaporated to dryness at 50 C in a vacuum

otary evaporator. The residue was dissolved in 5.0 mL of acetoni-
rile/water (50:50, v/v), vortex mixed and then filtered through a
.45-�m Teflon filter. All samples were analyzed soon after prepa-
ation.

ation of 15 phenylurea herbicides.
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Fig. 2. Representative chromatogram of 15 phenylurea herbicides. Peak identification and concentrations: 1, fenuron (0.5 mg L−1); 2, tebuthiuron (5.0 mg L−1); 3, metox-
uron (0.5 mg L−1); 4, monuron (0.25 mg L−1); 5, chlortoluron (0.5 mg L−1); 6, fluometuron (0.5 mg L−1); 7, isoproturon (0.25 mg L−1); 8, diuron (0.5 mg L−1); 9, monolinuron
(2.5 mg L−1); 10, metobromuron (2.5 mg L−1); 11, buturon (0.5 mg L−1); 12 + 12′ , siduron (2.5 mg L−1); 13, linuron (2.5 mg L−1); 14, chlorbromuron (2.5 mg L−1); and 15, neburon
(0.5 mg L−1).

Table 3
Limits of detection and limits of quantification

Herbicides LODa (mg kg−1) LOQa (mg kg−1) LODb (mg kg−1) LOQb (mg kg−1)

Fenuron 0.003 0.010 0.003 0.009
Tebuthiuron 0.030 0.090 0.032 0.096
Metoxuron 0.003 0.010 0.003 0.008
Monuron 0.001 0.004 0.002 0.005
Chlortoluron 0.003 0.010 0.003 0.009
Fluometuron 0.002 0.007 0.003 0.008
Isoproturon 0.002 0.005 0.001 0.004
Diuron 0.003 0.008 0.002 0.007
Monolinuron 0.016 0.050 0.015 0.049
Metobromuron 0.014 0.045 0.016 0.050
Buturon 0.003 0.010 0.002 0.008
Siduron 0.016 0.050 0.015 0.048
Linuron 0.012 0.043 0.014 0.046
Chlorbromuron 0.016 0.050 0.013 0.044
Neburon 0.003 0.010 0.003 0.009

a In rice matrix-match solutions.
b In corn matrix-match solutions.

Table 4
Analytical parameters of the regression equations in rice matrix-match solutions

Herbicides Concentration range (mg L−1) Regression equations ra S˛
b Sr

c ˛/S˛
d

Fenuron 0.01–1.0 y = 205.0x + 3.8 0.9986 1.45 4.50 2.62
Tebuthiuron 0.10–10.0 y = 21.7x + 2.0 0.9997 0.71 2.21 2.82
Metoxuron 0.01–1.0 y = 259.0x + 2.7 0.9992 1.38 4.30 1.96
Monuron 0.005–0.5 y = 700.0x + 3.7 0.9996 1.35 4.22 2.74
Chlortoluron 0.01–1.0 y = 271.9x + 3.9 0.9989 1.73 5.38 2.25
Fluometuron 0.01–1.0 y = 349.3x + 4.1 0.9995 1.44 4.48 2.85
Isoproturon 0.005–0.5 y = 497.5x + 3.1 0.9987 1.70 5.30 1.82
Diuron 0.01–1.0 y = 347.7x + 4.6 0.9994 1.55 4.82 2.97
Monolinuron 0.05–5.0 y = 115.5x + 2.6 0.9999 1.22 3.81 2.13
Metobromuron 0.05–5.0 y = 105.0x + 2.8 0.9999 0.94 2.94 2.98
Buturon 0.01–1.0 y = 138.2x + 3.5 0.9980 1.17 3.65 2.99
Siduron 0.05–5.0 y = 69.0x + 2.7 0.9997 1.16 3.63 2.33
Linuron 0.05–5.0 y = 88.5x + 2.2 0.9999 0.73 2.17 3.01
Chlorbromuron 0.05–5.0 y = 45.1x + 1.7 0.9998 1.33 2.15 1.28
Neburon 0.01–1.0 y = 289.3x + 1.4 0.9998 0.84 2.63 1.67

a Correlation coefficient.
b Standard deviation of intercept.
c Standard error of the estimate.
d Standard error of intercept.
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Fig. 3. Chromatogram obtained for (a) rice an

.3. Preparation of standards

Individual stock solutions of fenuron, tebuthiuron, metoxuron,
onuron, chlortoluron, fluometuron, isoproturon, diuron, mono-
inuron, metobromuron, buturon, siduron, linuron, chlorbromuron,
nd neburon were prepared by accurately weighing appropri-
te amounts of the standard compounds and dissolving them in
oluene. The solutions were protected against light and stored at
20 ◦C in a refrigerator.

fl
1
0
c

able 5
nalytical parameters of the regression equations in corn matrix-match solutions

erbicides Concentration range (mg L−1) Regression equat

enuron 0.01–1.0 y = 203.7x + 2.2
ebuthiuron 0.10–10.0 y = 21.6x + 1.7
etoxuron 0.01–1.0 y = 260.2x + 2.4
onuron 0.005–0.5 y = 696.6x + 3.0

hlortoluron 0.01–1.0 y = 271.1x + 3.5
luometuron 0.01–1.0 y = 348.1x + 3.6
soproturon 0.005–0.5 y = 495.6x + 3.2
iuron 0.01–1.0 y = 351.0x + 3.9
onolinuron 0.05–5.0 y = 116.1x + 2.0
etobromuron 0.05–5.0 y = 105.6x + 2.1

uturon 0.01–1.0 y = 140.7x + 2.9
iduron 0.05–5.0 y = 68.4x + 2.8
inuron 0.05–5.0 y = 88.1x + 2.2
hlorbromuron 0.05–5.0 y = 45.9x + 3.3
eburon 0.01–1.0 y = 287.3x + 3.0

a Correlation coefficient.
b Standard deviation of intercept.
c Standard error of the estimate.
d Standard error of intercept.
orn samples spiked near the detection limits.

Working solutions were prepared by evaporating aliquots of the
tock solutions to dryness under a gentle N2 stream and redissolv-
ng the residue in acetonitrile/water (50:50, v/v) to the required
oncentration before use.
Calibration standards of fenuron, metoxuron, chlortoluron,
uometuron, diuron, buturon and neburon (0.01, 0.1, 0.5 and
.0 mg L−1), monuron and isoproturon (0.005, 0.05, 0.25 and
.5 mg L−1), monolinuron, metobromuron, linuron, siduron and
hlorbromuron (0.05, 0.5, 2.5 and 5.0 mg L−1), and tebuthiuron (0.1,

ions ra S˛
b Sr

c ˛/S˛
d

0.9986 1.07 3.59 2.06
0.9997 0.75 2.35 2.27
0.9990 1.57 4.90 1.53
0.9997 1.15 3.58 2.61
0.9991 1.48 4.61 2.36
0.9995 1.52 4.73 2.37
0.9990 1.50 4.68 2.13
0.9995 1.49 4.64 2.62
0.9999 0.90 2.80 2.22
0.9998 1.22 3.84 1.72
0.9981 1.26 3.93 2.30
0.9996 1.28 3.99 2.19
0.9998 1.20 3.73 1.83
0.9998 1.30 4.05 2.54
0.9996 1.12 3.49 2.68
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Table 6
Mean recovery and precision of the 15 analytes assay (n = 6)

Herbicides Spiked level (mg kg−1) Rice Corn

Recovery (%) R.S.D. (%) Recovery (%) R.S.D. (%)

Fenuron
0.01 85.4 7.3 84.5 6.5
0.10 87.9 3.2 95.0 4.0
1.00 91.2 3.1 99.5 3.0

Tebuthiuron
0.1 85.0 7.2 85.7 8.8
1.0 91.9 5.3 97.7 6.0

10.0 94.1 3.9 99.0 3.1

Metoxuron
0.01 83.9 7.1 83.8 6.9
0.10 88.4 5.0 95.6 4.7
1.00 91.0 4.9 95.9 2.5

Monuron
0.005 81.9 6.8 75.0 7.4
0.05 91.0 5.2 97.5 4.8
0.50 96.4 2.6 100.7 4.0

Chlortoluron
0.01 87.2 8.9 79.9 6.9
0.10 88.4 5.4 85.3 5.3
1.00 92.4 3.7 99.7 2.3

Fluometuron
0.01 82.2 7.8 88.0 6.7
0.10 90.4 6.7 98.2 6.1
1.00 93.8 4.6 99.1 2.2

Isoproturon
0.005 80.8 8.3 79.8 6.7
0.05 94.3 6.0 98.9 5.2
0.50 99.9 4.4 100.2 3.0

Diuron
0.01 78.0 5.5 85.1 6.0
0.10 80.3 4.8 98.8 3.4
1.00 95.4 2.9 101.8 2.4

Monolinuron
0.05 79.5 9.6 82.7 7.8
0.50 85.5 2.9 97.1 4.2
5.00 100.1 1.7 103.4 3.2

Metobromuron
0.05 87.8 8.0 77.5 7.5
0.50 99.3 5.9 85.6 6.3
5.00 104.3 4.6 101.3 4.7

Buturon
0.01 75.3 7.5 81.5 9.9
0.10 85.9 5.5 90.4 4.1
1.00 101.9 1.5 96.6 2.8

Siduron
0.05 85.8 6.8 93.6 5.2
0.50 99.7 4.6 97.8 4.4
5.00 102.8 3.9 105.1 2.7

Linuron
0.05 80.4 8.4 86.0 9.1
0.50 89.6 3.2 94.9 4.4
5.00 103.6 4.4 104.7 0.9

Chlorbromuron
0.05 80.2 6.4 75.3 5.9
0.50 90.2 3.5 82.1 3.8
5.00 101.9 2.6 98.7 2.2
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eburon
0.01 79.3
0.10 90.6
1.00 95.8

.0, 5.0 and 10.0 mg L−1) were prepared by dilution with acetoni-
rile/water (50:50, v/v).

.4. LC system and conditions

An Agilent 1100 HPLC system equipped with a quarternary
ump (model G1311A), a degasser (model G1379A), an autosam-
ler (model G1313A), a column oven (model C1316A) and a
uorescence detector (model G1321A) (Agilent Technologies,
SA) was used for chromatography. System control and data

ollection were performed using Chemstation 9.03 (Agilent Tech-
ologies).

Chromatography was performed on a reverse-phase Zorbax
clipse XDB-C18 column (5 �m particle size, 250 mm × 4.6 mm i.d.,
gilent Technologies) equipped with a Zorbax Eclipse XDB-C18

a
w
t
a
3

3.9 81.4 2.9
3.6 90.3 1.5
1.9 103.9 1.4

5 �m particle size, 12.5 mm × 4.6 mm i.d.; Agilent Technologies)
uard column. Gradient elution with acetonitrile and water as the
obile-phase was carried out according to the procedure shown in

able 1 at a flow rate of 0.75 mL min−1 with the column temperature
et at 25 ◦C.

Photochemical reactions were carried out in a post-column
erivatization unit (PCX 520, Pickering Labs, USA) fitted with a knit-
ed open PTFE tube reactor coil (3.0 m × 0.5 mm i.d.; Supelco, USA)
nd a 4-W 254-nm UV lamp (BHK Inc., USA). The analytes elut-
ng from the HPLC column were photolyzed on-line to primary

mines by exposure to UV light. The photodegradation products
ere reacted on-line with the post-column derivatization solution

o form highly fluorescent compounds that were monitored using
fluorescence detector at excitation and emission wavelengths of
50 and 450 nm, respectively.
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Fig. 4. Chromatograms of Indica rice spiked with standard solutions. Peak identification and concentrations: 1, fenuron (0.4 mg L−1); 2, tebuthiuron (4.0 mg L−1); 3, metoxuron
( .4 mg L
1 1); 13,
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0.4 mg L−1); 4, monuron (0.2 mg L−1); 5, chlortoluron (0.4 mg L−1); 6, fluometuron (0
0, metobromuron (2.0 mg L−1); 11, buturon (0.4 mg L−1); 12 + 12′ , siduron (2.0 mg L−

.5. Validation procedure

Validation was performed according to the National Standard of
he People’s Republic of China [20] and relevant literature reports
21,22]. The analytical figures of merit determined were the limit
f detection (LOD), limit of quantification (LOQ), linearity, accu-
acy and precision. The LOD and LOQ were defined as three and ten
imes the signal/noise ratio, respectively. The calibration standards
escribed in Section 2.3 were prepared in matrix-matched solu-
ions and analyzed five times. Calibration curves were constructed
y plotting the peak area against the concentration. Accuracy was
ssessed by measuring herbicide concentrations in rice and corn
amples spiked at three different levels. The spiked samples were
ubjected to the sample preparation procedure described in Sec-
ion 2.2 and analyzed using the experimental and instrumental
onditions described in Section 2.4. Recovery was determined by
omparing the amount of phenylurea herbicides added to the
mount detected.

The intra- and inter-day precision was defined in terms of the
elative standard deviation (R.S.D.). The intra-day precision was
etermined within 1 day by analyzing 5 replicate rice and corn
amples spiked with the phenylurea herbicides at 1.0 mg kg−1. The
nter-day precision was determined on 10 separate days using 10
ice and corn samples spiked with the herbicides at 1.0 mg kg−1.

. Results and discussion

.1. LC separation
Gradient elution was used to completely separate the 15 pheny-
urea herbicides. The chromatographic conditions were optimized
o obtain appropriate separation. Fenuron, tebuthiuron, metoxuron
nd monuron were easily eluted at low acetonitrile concentrations,

s
H
f
d
p

−1); 7, isoproturon (0.2 mg L−1); 8, diuron (0.4 mg L−1); 9, monolinuron (2.0 mg L−1);
linuron (2.0 mg L−1); 14, chlorbromuron (2.0 mg L−1); and 15, neburon (0.4 mg L−1).

nd chlortoluron, fluometuron, isoproturon, diuron, monolinuron,
etobromuron, buturon, siduron, linuron, chlorbromuron and

eburon were easily eluted at high acetonitrile concentrations.
hus, the percentage acetonitrile in the mobile-phase was lin-
arly increased from 30% to 50% in the first 15 min to elute
enuron, tebuthiuron, metoxuron and monuron, and then lin-
arly increased from 50% to 90% in the next 16 min to elute the
emaining analytes. The optimum elution procedure for the 15
erbicides is presented in Table 1. The retention time and resolu-
ion for each analyte in this system are presented in Table 2 and

representative standard chromatogram is shown in Fig. 2. All
5 herbicides were well separated in a total run time of 31 min,
ith good peak resolution, sharpness and symmetry. The influ-

nce of the flow rate of the mobile-phase was investigated at 0.5,
.75 and 1.0 mL min−1. At 0.5 mL min−1 the sensitivity was high-
st, but this flow rate led to a longer analytical time and a lower
re-column vs. post-column pressure for 90% acetonitrile in the
obile-phase. A flow rate of 1.0 mL min−1 showed the lowest sen-

itivity. Thus, a flow rate of 0.75 mL min−1 was selected as the
ptimum.

.2. Optimization of post-column derivatization

The flow rate of the derivatization reagent was varied at a
onstant mobile-phase flow rate of 0.75 mL min−1. Experimental
esults revealed that the baseline and intensity of the fluores-
ence signal increased with the flow rate of the derivatization
olution. Higher fluorescence intensity and post-column pres-

ure were observed at 0.3 mL min−1 compared to 0.1 mL min−1.
owever, the signal noise at 0.3 mL min−1 was greater and there-

ore 0.2 mL min−1 was chosen as the optimum flow rate for the
erivatization solution for herbicide analysis in rice and corn sam-
les.
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.3. Validation

.3.1. LOD and LOQ
Under optimal conditions, the LOD was determined as the sam-

le concentration producing a peak height three times that of the
aseline noise. The LOQ was calculated as the sample concentration
roducing a peak height 10 times the signal/noise ratio [21,22]. The
OD and LOQ values calculated are presented in Table 3. There were
o significant differences in LOD and LOQ values between rice and
orn matrix solutions.

Fig. 3 shows a chromatogram of rice and corn samples spiked
ith the 15 herbicides at concentrations close to their LODs, for
hich the recovery was 62.8–75.5% and 65.4–78.3%, respectively.

.3.2. Linearity
Calibration standards of the 15 analytes in matrix solutions were

nalyzed five times by the standard addition method. Linear rela-
ionships between the peak area and concentration were observed
or the 15 herbicides. The lower limits of the linear range approx-
mately corresponded to the LOQs calculated and the upper limits

ere 100 times the LOQs. The linear regression equations, stan-
ard deviation for the intercepts and the correlation coefficients
r) are reported in Tables 4 and 5. The linear regression equa-
ions were of the form y = a + bx, where y is the analyte peak area
ased on five parallel measurements and x is the concentration
mg L−1). The correlation coefficient (r) was >0.9980 for all curves
n both matrix solutions. Student’s t-test was used to determine

hether the experimental intercept (˛) of each regression equa-
ion was significantly different from the theoretical zero value.
he test was based on calculation of ˛ and its standard deviation
S˛) and comparison with the t-distribution values. As shown in
ables 4 and 5, the t-values calculated did not exceed the criterion of
0.05,n−2=3 = 3.182, indicating that the intercept was not significantly
ifferent from zero for all regression lines.

.3.3. Accuracy and precision
To establish the method accuracy, six replicate rice and corn

amples were spiked and analyzed. Values for the mean recovery
nd R.S.D. are presented in Table 6. The mean recovery obtained for
ll analytes in spiked rice and corn samples was 75.3–104.3% and
5.0–105.1%, respectively, which is within the range expected for
esidue analysis of rice and corn samples.

The intra-day precision (n = 5) for 15 herbicides spiked at an
ntermediate level in rice and corn sample was between 1.5% and
.1%, and the inter-day precision over 10 days (n = 10) was between
.4% and 15.6%.
. Analysis of phenylurea herbicides in real samples

To evaluate the effectiveness of the method, it was applied to
he analysis of two rice samples (Indica and Japonica) and one corn
ample. None of the pesticides were detected in these tests. To con-

[

[

[

. B 875 (2008) 437–443 443

rm the efficiency of the method, it was used to analyze a spiked
ndica sample. Representative chromatograms are shown in Fig. 4.

. Conclusion

The proposed extraction method is a rapid and simple technique
hat was suitable for rice and corn samples. The SPE clean-up step
as a suitable purification process for determination of the 15 ana-

ytes. The method validation results demonstrate that the proposed
ethodology has good accuracy and precision for multi-residue

nalysis, with effective baseline separation and limits of detection
nd quantification that allow determination below the maximum
esidue limits for the pesticides in rice and corn samples.

Application of the method to the analysis of pesticide residues
n rice and corn samples confirmed its efficiency.
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