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ABSTRACT 

A rapid method was developed for the determination of 22 pesticides in rice wine. The procedure involved an extraction 
with acetonitrile and a cleanup step using dispersive solid-phase extraction (d-SPE), and primary-secondary amine 
(PSA) and octadecylsilane (ODS) were used as sorbents. D-SPE had some advantages over some traditional prepara- 
tions, especially in time and cost. Both the extraction and cleanup only cost about 15 min per a sample. Then the 
GC-MS was used for quantitative and qualitative analysis. Matrix-matched standards solution and analyte protectant 
were compared to decrease the matrix effect, and the former showed a better efficacy. Acceptable linearity was 
achieved in the range of 0.05 - 0.30 mg/L. After matrix-matched standards calibration, recoveries were between 60% 
and 140%. For the most of pesticides, precision and repeatability were less than 10% and 16%, respectively. The result 
indicated that the developed method was suitable for the determination of the multi-pesticides in rice wine. 
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1. Introduction 

Rice wine, beer and wine are considered as the three an- 
cient wines [1]. Rice wine is an alcoholic beverage brewed 
from rice, and pesticides may be used during the period 
of rice growth. Rice is directly used for fermentation 
without any processing, and that causes the presence of 
pesticide residues in rice wine.  

Many reports have been published for the determina- 
tion of pesticides in alcoholic beverage. Major pretreat- 
ments of pesticides in food are liquid-liquid extraction 
(LLE) [2], solid-phase extraction (SPE) [3-6], and solid- 
phase micro-extraction (SPME) [7,8]. In 2003, dispersive 
solid-phase extraction (d-SPE) method was introduced 
for the determination of pesticides by Anastassiades et al. 
[9], and d-SPE was a simple and rapid technique with 
high recovery for the determination of pesticides in fruit 
and vegetables [10]. In previous studies, the combination 
of several sorbents showed a better cleanup result than 
using primary-secondary amine (PSA) alone for some 
complex samples [11-13]. However, few reports were 
introduced for the determination of the pesticides in rice 
wine. 

In this study, a rapid method was introduced for the 

determination of multi-pesticides in rice wine by GC- 
MS/SIM. Pesticides in rice wine samples were extracted 
with acetonitrile and cleaned by d-SPE by using the com- 
bination of PSA and octadecylsilane (ODS). 

2. Experimental 

2.1. Reagents and Standards 

Acetonitrile (LC grade) was purchased from Merck 
(Darmstadt, Germany). PSA and ODS were provided by 
Bonna-Agela Technologies (Tianjin, China). All the stan- 
dards of pesticide were obtained from Agricultural Envi- 
ronmental Protection Institution (Tianjin, China), and 
listed in Table 1. Polyethylene glycol (PEG300) and tri- 
phenyl phosphate (TPP) were purchased from SCRC 
(Beijing, China). Other chemicals were from Beijing Che- 
mical Works (Beijing, China). All of the rice wines and 
olive oil were purchased from local supermarkets, and 
the wine samples were kept in a freezer (2˚C - 4˚C). 

2.2. Instrumentation 

Separations of pesticides were performed on a gas chro- 
matography equipped with a mass detector and an auto- 
sampler (GC-MS 2010 plus, Shimadzu, Japan). The ex-  *Corresponding author. 
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Table 1. Information of pesticide and IS, retention time (Rt), molecular weight (Mw), quantification and Identification ions. 

Quantification and Identification Ions 
No. Pesticides Rt Mw 

1 2 3 

1 Phorate 16.15 260.38 260 121 231 

2 α-lindane 16.87 290.83 219 183 221 

3 Diazinon 17.91 304.35 304 179 137 

4 Pyrimethanil 18.11 199.25 198 199 200 

5 Heptachlor 19.21 373.35 100 272 237 

6 Chlorpyrifosmethyl 20.23 322.53 286 288 197 

7 Chlorothalonil 21.20 265.91 266 264 268 

8 Metalaxyl 21.72 279.33 206 249 234 

9 Chlorpyrifos 21.81 350.59 314 258 286 

10 Methyl-Parathion 21.96 263.21 263 233 246 

11 Phenthion 22.48 278.33 278 169 153 

12 Malathion 22.65 330.36 173 158 143 

13 Parathion 23.49 291.26 291 186 235 

14 Quinalphos 24.10 298.30 146 298 157 

15 Isocarbophos 24.20 289.29 136 230 289 

16 Folpet 25.07 296.66 260 104 297 

17 Medathion 25.65 302.33 145 157 302 

18 Triazophos 29.48 313.31 161 172 257 

19 TPP (IS) 29.76 326.28 326 325 77 

20 Phosalone 32.45 367.81 182 367 154 

21 Pyridaben 33.25 364.93 147 117 364 

22 Fenvalerate 36.18; 36.45 419.90 167 225 419 

23 Cypermethrin 38.46 416.30 181 152 180 

 
tractant of pesticides were injected with a splitless mode. 

DB-1701 capillary column (30 m × 0.25 mm × 0.25 
μm) was provided by Agilent (Palo Alto, CA, USA). 
Helium was used as carrier gas, and the flow rate was 
kept at 1.2 mL/min. The column temperature was main- 
tained at 40˚C for 1 min, and then ramped at 30˚C/min 
up to 130˚C, then at 5˚C/min up to 250˚C, and finally at 
20˚C/min up to 280˚C. The injector temperature was 
280˚C, the volume of injection was 1 μL. The MS ioni- 
zation energy was 70 eV, the ion-source temperature was 
230˚C, and the interface temperature was set at 280˚C. 
The MS detection was performed in Selection ion mode 
(SIM), and the characteristic of pesticides are listed in 
Table 1. 

2.3. Sample Preparation 

TPP (10.00 mg/L, dissolved by acetonitrile) was used as 
the internal standard (IS) solution, and 100 μL IS solu-
tion and 2.4 mL acetonitrile were added into 5.0 mL rice 
wine sample, and the mixture was vigorously shaken for 
2 min. then NaCl (0.50 g) and anhydrous MgSO4 (2.00 g) 
were added and then vortexed slightly for 1 min. The 

extract was then centrifuged for 5 min at 5000 rpm. An 
aliquot of 1.0 mL of the upper layer was transferred to a 
2.0 mL micro-centrifuge tube containing 50 mg PSA, 50 
mg ODS and 150 mg MgSO4, shaken for 2 min, and then 
centrifuged for 4 min at 8000 rpm. Finally, 500 μL of 
extract added 50 μL analyte protectant (prepared as it 
described by Xu et al. [14]) was placed into an auto- 
sampler vial for GC/ MS analysis. 

3. Results and Discussion 

3.1. Optimization of d-SPE Procedure 

3.1.1. Optimization of Sorbents 
PSA, ODS, graphitized carbon black (GCB), and Florisil- 
silica were used as sorbents in d-SPE procedure [15,16]. 
Among these sorbents, PSA can retain fatty acids and 
other organic acids, but only slightly reduces the color 
and vitamin. ODS has a remarkable cleanup ability for 
non-polar compound, such as some non-polar pigments 
and vitamins [17]. GCB is a powerful sorbent for pig- 
ments, but some pesticides containing benzene ring can 
be adsorbed by GCB [12]. As shown in Figure 1, peak 
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Figure 1. GCB adsorbed some pesticides containing ben- 
zene ring. Names of pesticides are listed Table 1. 
 
areas of some pesticides reduced when GCB was used as 
the sorbent of d-SPE. Due to the light color of rice wine, 
GCB was not necessary. It is important for the cleanup to 
select an appropriate material as the sorbent. In previous 
works, some sorbents such as PSA, ODS, anhydrous 
MgSO4, and GCB, or their combination was selected for 
the cleanup of pigments in extracts of wine and grape 
[18-20]. In this study, the combination of 50 mg PSA, 50 
mg ODS, and 150 mg anhydrous MgSO4 was selected 

in d-SPE for rice wine extracts cleanup. The SIM chro- 
matogram of pesticide standards and the internal standard 
was shown in Figure 2. 

3.1.2. Optimization of Temperature and pH 
The low temperature minimizes the degradation of some 
heat-sensitive pesticides [11]. Rice wine and other rea- 
gents were kept in freezer (4˚C) overnight before sample 
preparation. Keeping the samples in low temperature 
during the d-SPE procedure was important. 

The pH of samples will be increased when PSA was 
added and the stability of some alkali-labile pesticides 
was affected by pH [18]. Two ways were usually taken to 
resolve the problem, one was acidifying the extracts 
quickly to pH∼5, and another was the usage of citrate 
buffer [21]. In this study, rice wine samples were acidity, 
and the pH of samples was not obviously increased with 
the addition of 50 mg PSA. 

3.2. Matrix Effects 

In GC analysis, analyte protectants and matrix-matched 
calibration solutions were proved to be effective appro- 
aches to minimizing matrix effect [22]. The effects of 
analyte protectants were compared by Xu et al. [14], and 
the results showed that PEG300 and olive had a better 
effect. In our study, the combination of PEG300 and 
olive was used to be the analyte protectant, and the peak  

 

 

Figure 2. GC-MS/SIM chromatogram of a pesticide standard of 1.0 mg/L for each pesticide and the internal standard. Names 
of pesticides are listed Table 1.  
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areas of pesticides were compared under the three situa- 
tions (in pure solvent, matrix-matched calibration solu- 
tions and analyte protectant). As shown in Figure 3, both 
analyte protectant and matrix-matched calibration solu- 
tion can reduce the matrix effect. The former had a better 
effect on diazinon, fenvalerate and cypermethrin, but for 
phorate, pyrimethanil, heptachlor, and chlorpyrifosmethyl, 
matrix-matched solution was better. In our study the me- 
thod of matrix-matched calibration solution was selected 
for the minimizing of matrix effect. 

3.3. Comparison with Other Preparation 

Modern sample preparation techniques should be simple, 
reliable, cheap, and be similar to common analytical te- 
chniques, in order to minimize errors [23]. Information 
of the major methods used for determining pesticides in 
alcoholic beverages was presented in Table 2. 

d-SPE had advantages in time and cost, but SPE and 
some other methods had a better cleanup. 

3.4. Methodology Evaluation 

Linearity was investigated in the range 0.05 - 0.30 mg/L 
with four calibration points, and the correlation coeffi- 
cients for pesticides were listed in Table 3. Precision was 
less than 10%, and the recoveries were from 60% to 140% 
at three concentration levels (0.10, 0.20 and 0.30 mg/L). 
A SIM chromatography for blank rice wine sample and 
spiked rice wine was shown in Figure 4. LOQ, LOD, 
and other information were also listed in Table 3. 

 

Figure 3. Comparison of pesticide peak areas in pure sol- 
vent, matrix-matched standards and adding analyte protec- 
tant of mixed PEG and olive oil in optimal concentrations. 
Names of pesticides are listed Table 1. 

4. Conclusion 

In this work, a rapid method was developed for the de- 
termination of multi-pesticides in rice wine by using d- 
SPE-GC-MS. The effect of different adsorbents was in- 
vestigated, and the combination of different adsorbents 
was used for the d-SPE procedure with a high results. 
And then the approaches of minimizing the matrix effect 
were compared. And the developed method can be used 
for the determination of pesticides in rice wine samples. 

 
Table 2. Information of some preparations. 

Some advantages of preparation 
Method 

Rapid Simple Low Solvent Volume Large Pesticide Range Good Cleanup Common Instrument Inexpensive 

d-SPE ++ ++ + ++ + ++ ++ 

SPE - - + ++ ++ ++ + 

SPME ++ + ++ - ++ - - 

ASE ++ + ++ + + + ++ 

USE - + ++ ++ + + ++ 

SFE + ++ - + + - + 

LPME ++ + ++ - ++ ++ ++ 

MSPD - + + ++ ++ ++ + 

MISPE ++ ++ + - ++ ++ + 

++ very much, + much, - a little; SPE, solid phase extraction; SPME, solid phase microextraction.; ASE, accelerated solvent extraction; USE, ultrasonication 
extraction, SFE, supercritical fluid extraction; LPME, liquid phase microextraction; MSPD, matrix solid phase dispersion; MISPE , molecularly imprinted 
solid-phase extraction. 
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(a) 

 
(b) 

Figure 4. SIM chromatography for (a) blank rice wine sample; (b) blank rice wine spiked with 0.3 mg/L of the pesticides. 
Names of pesticides are on Table 1. 
 
Table 3. Average recovery (%), precision (%, RSD), repeatability (%, RSD), limit of quantitation (LOQ, mg/L), limit of 
detection (LOD, mg/L) and R2 obtained with the d-SPE method and analyzed by GC/MS. Spiking concentration levels were 
0.10, 0.20,and 0.30 mg/L, respectively. 

Recovery(mg/L) 
Pesticides 

0.1 0.2 0.3 
Precision (%)

Repeatability 
(%) 

LOD LOQ R2 

Phorate 106.74 98.37 113.10 7.13 15.26 0.02 0.08 0.984 

a-lindane 109.69 138.00 121.87 3.92 7.41 0.02 0.07 0.990 

Diazinon 133.56 130.69 142.36 4.48 2.52 0.01 0.02 0.997 

Pyrimethanil 87.00 95.43 83.38 5.04 8.55 0.01 0.03 0.997 

Heptachlor 134.77 98.37 108.16 2.81 13.78 0.02 0.06 0.978 

Chlorpyrifosmethyl 92.85 102.22 68.56 4.59 12.05 0.01 0.03 0.997 

Chlorothalonil 71.80 118.80 74.82 9.93 15.27 0.02 0.06 0.988 

Metalaxyl 84.81 121.26 97.44 3.50 12.40 0.01 0.04 0.997 

Chlorpyrifos 84.12 99.34 86.47 1.72 7.06 0.03 0.09 0.999 
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Continued 

Methyl-Parathion 77.77 102.27 75.50 9.22 7.45 0.08 0.26 0.948 

Phenthion 101.85 121.02 107.21 2.64 3.33 0.01 0.04 0.938 

Malathion 97.90 107.15 86.07 5.21 2.87 0.01 0.05 0.999 

Parathion 101.97 129.60 90.34 7.29 4.69 0.10 0.32 0.976 

Quinalphos 94.92 129.80 107.63 3.48 6.40 0.01 0.04 0.995 

Isocarbophos 78.02 129.67 87.48 5.37 6.63 0.02 0.06 0.963 

Folpet 96.47 124.86 92.83 9.52 15.94 0.09 0.28 0.949 

Medathion 74.56 130.19 80.28 5.30 8.54 0.02 0.05 0.908 

Omethoate 79.10 122.90 93.17 9.12 8.60 0.02 0.06 0.990 

Triazophos 100.37 72.66 92.02 7.70 8.00 0.18 0.59 0.996 

Phosalone 91.60 91.11 87.38 8.04 13.74 0.01 0.04 0.980 

Pyridaben 94.57 119.28 112.78 9.87 5.37 0.01 0.02 0.984 

Fenvalerate 128.72 134.12 113.45 9.58 6.41 0.05 0.16 0.990 
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