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ABSTRACT 

The measurement of 23 organochlorine, organophosphorus, and pyrethroid pesticides in typical traditional Chinese 
medicine (TCM), flos lonicerae, was made using gel permeation chromatography (GPC) purification and gas chroma- 
tography-mass spectrometry (GC-MS) detection. The pesticides were extracted with ultrasonic device and 5.0 mL mix- 
ture of ethyl acetate and cyclohexane (1:1, v/v). Coextractants from sample matrices which may have interfere to the 
qualitative and quantitative analysis, such as pigments, were removed using GPC purification. Simultaneous full scan 
and selective ion monitor (scan/SIM) mode for GC-MS was used for qualitative and quantitative analysis, which pro- 
vided retention time and characteristic fragments ratio for each pesticide so as to positively identify each analyte. Rela- 
tive standard deviations (RSDs) were within 7.7% (5.0 - 22.5 µg/kg, n = 3). The recoveries of pesticide standards at the 
spiked concentration of 5.0 - 22.5 µg/kg were between 87.1% and 110.9%. Limits of detection (LODs) for the analytes 
were 0.16 - 3.2 µg/kg, which could meet the demand of routine analysis and TCM quality control. 
 
Keywords: Traditional Chinese Medicine; Multi-Pesticide Residue; Flos Lonicerae; Gel Permeation Chromatography; 

Gas Chromatography-Mass Spectrometry 

1. Introduction 

Traditional Chinese Medicine (TCM) usually means me- 
dicinal plants. Herb water, mixed tablet, and powder 
from the extracts of herbs are the general styles in clini- 
cal practice. The usage of TCM in China has a very long 
history. The influence of TCM on health care system has 
been profound in Asia as well as in the West in recent 
years [1-3]. The concerning of contaminations of heavy 
metals [4-6] and pesticides [2,6-9], which may be intro-
duced during the cultivation, transportation, preparation 
and preservation, has been increased as the popularity of 
TCM enlarged. 

Pesticides using to control various insect pests all over 
the world have advanced agriculture to gain great pro- 
ductivity [10,11]. In the mean time, they contaminate the 
environment [12] and endanger human health [13]. Some 
pesticides are neural destroyers [14], and some act as 
hormones, which may disturb human endocritic system 
[15]. Most of the pesticides are bio-accumulated and may 
be transferred along the food chain [16], similar to the 
environmental behavior of heavy metals. For these rea- 
sons, the contents of pesticide residues in Chinese herbs 

have been concerning by public in China and the other 
areas of the world. There have methods reported for the 
analysis of pesticide residues in TCM [9,17,18]. How- 
ever, a rapid procedure or screening method to determine 
organochlorine, organophosphorus, and pyrethroid pesti- 
cides in TCM, especially for complex matrix medicinal 
herbs, such as flos lonicerae, is of great significance in 
quality control activities. 

Typically, measurement of multi-residue in complex 
matrices comprises sample pre-treatment, separation and 
detection by gas chromatography-mass spectrometry (GC- 
MS) [19,20]. The pre-treatment usually is time-consuming, 
which includes extraction, purification, and enhancement 
of the analytes to reduce or eliminate possible interfe- 
rence to the accurate detection. Soxhlet extraction [21], 
accelerated solvent extraction (ASE) [16], supercritical 
fluid extraction (SFE) [17], solid phase extraction (SPE) 
[12,13], microwave-assisted extraction (MAE) [22], ma- 
trix solid phase disperse extraction (MSPDE) [19,23], 
and disperse solid phase extraction (DSPE, QuEChERS) 
[24-26] have been investigated for pesticides analysis. 
Gel permeation chromatography (GPC), as reported in 
bibliography [10,16,27,28], may be one of the best tech- *Corresponding author. 
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niques for the analysis of multi-residue of pesticides in 
TCM, which separates lower molecular weight target 
pesticides from higher molecular weight chemical matri- 
ces, such as pigments. Gas chromatography-mass spec- 
trometry can do two-tier identification and confirmation 
with the retention time and the relative ratios of charac- 
teristic ions of the pesticide. The select ion monitor (SIM) 
can eliminate matrix influence and enhance selectivity 
and sensitivity effectively. The double mode of scan plus 
SIM mode (scan/SIM) can qualify and quantify target 
compounds simultaneously in a single injection. 

The purpose of this study was to develop a novel me- 
thod for accurately and simultaneously determination of 
organochlorine, organophosphorus, and pyrethroid pesti- 
cides in flos lonicerae. The advantage of GPC purifica- 
tion and good separation and high sensitivity of GC-MS 
was investigated in qualitative identification and quanti- 
tative detection of multi-pesticide in complex chemical 
matrices. 

2. Experimental 

2.1. Chemicals and Reagents 

Acetone, acetonitrile, cyclohexane and ethyl acetate were 
all of HPLC grade and purchased from Thermal Fisher 
Co. (USA). The 23-pesticide standards were from Chem 
Service Co. (USA), which were of purity ≥ 98.1%.  

1000 µg/mL stock solutions for each pesticide were 
prepared with acetone and stored in freezer at –18˚C. 10 
µg/mL mixed standard solution for daily work were ob- 
tained by mixing and diluting stock solutions with ace- 
tone, and stored in a refrigerator at 4˚C. 

2.2. Apparatus 

Agilent 7890A gas chromatography, 5975C mass spec- 
trometer, and 7683B auto sample injector was used (Agi- 
lent Technologies, USA). Data acquisition, data process- 
ing, and instrumental control were performed with Agi- 
lent Enhanced ChemStation (Agilent Technologies, USA). 
A DB-5 MS fused silica capillary column of 30 m × 0.25 
mm with 0.25 µm film thickness from Agilent Technolo- 
gies was used. 

The GPC system (Vario, LC Tech, Germany) consisted 
of high pressure pump, auto-sampler with 24-sample vials 
(10 mL) and 5.0 mL sample loop, GPC column, and 24 
fraction collected vials (100 mL). The clean-up GPC co- 
lumn was packed polystyrene-divinylbenzene (Bio-Beads 
S-X3, 400 mm × 25 mm I.D., 200 - 400 mesh).  

MS2 mini-shaker (IKA, Germany), B5200S-OT ultra- 
sonic extract device (Branson, USA), centrifuge (Shang- 
hai, China), auto concentrating apparatus (EVA Ш, LC 
Tech, Germany), and laboratory-built nitrogen evapora- 
tor were used. 

2.3. Sample Extraction and Purification 

1.000 g of ~2 kg homogenized dry flos lonicerae sample 
was extracted with 5.0 mL mixed ethyl acetate and 
cyclohexane (1:1, v/v) for 10 min. The extraction was 
repeated for 3 times. Combine the extracts together, and 
then concentrated with a nitrogen stream to 10.0 mL. 5.0 
mL of the extract solution was injected and separated on 
GPC with a mixed mobile phase of ethyl acetate and 
cyclohexane (1:1, v/v) at a flow rate of 5.0 mL/min. The 
fraction containing the analyzed pesticides was collected 
within the retention time of 17 to 36 min (totally 95.0 mL 
of eluant). The GPC fraction was evaporated and con-
centrated to 5.0 mL using EVA Ⅲ rotary evaporator at 
40˚C, and further concentrated to near dry with nitrogen 
stream, re-dissolved with 0.5 mL mixture of ethyl acetate 
and cyclohexane (1:1, v/v) for GC-MS analysis. 

2.4. GC-MS Conditions 

Carrier gas was high purity of Helium (≥99.999%). The 
separation of all pesticides was performed with a con- 
stant pressure mode. The injection port of GC was 250˚C. 
1.0 µL of pretreated sample solution was injected in 
splitless mode (split valve closed for 0.75 min). The re- 
tention time was locked by chlorpyrifos-methyl. Pro- 
grammed temperature for GC oven was initially 50˚C for 
1 min, increased to 125˚C at a rate of 25˚C/min, and then 
to 300˚C at 10˚C/min, and finally maintained at 300˚C 
for 10 min until all the analytes eluted. 

Electron impact (EI) ionization source was used at 70 
eV. The interface between the GC and mass detector was 
maintained at 280˚C. The temperature for EI source and 
quadrupole were set at 230˚C and 150˚C, respectively. 
The solvent delay time was set to 3.5 min. Full scan and 
selected ion mode (Scan/SIM) were used to qualitative 
identification and quantitative detection of multi-pesti- 
cide. 

Figure 1 is the chromatograms of 23-pesticide stan- 
dard and standard spiked flos lonicerae sample at opti- 
mized operating conditions. All pesticides in Figure 1 
have been separated and eluted before the retention time 
23.237 min. Additional 8 min at 300˚C was set for co- 
lumn cleaning-up and ready for next injection 

3. Results and Discussion 

3.1. Optimization of Extraction and Purification 
Procedure 

The pesticides studied in this work are refereed to dif- 
ferent natures, classes and physicochemical properties, 
especially their wide range of polarity. In fact, the sample 
pretreatment for multi-residue measurement is of diffi- 
culty. In this experiment, acetonitrile, cyclohexane, ethyl 
acetate, and mixture of ethyl acetate and cyclohexane  
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Figure 1. Chromatograms of 23-pesticide standard (a) and standard spiked flos lonicerae sample; (b) Peak identification: 1, 
Methamidophos; 2, Dichlorvos; 3, Omethoate; 4, Monocrotophos; 5, α-BHC; 6, Dimethoate; 7, β-BHC; 8, Quintozene; 9, Lin- 
dane; 10, Diazinon; 11, δ-BHC; 12, Methyl parathion; 13, Malathion; 14, Parathion; 15, Methidathion; 16, p,p'-DDE; 17, 
Ethion; 18, p,p'-DDD; 19, o,p'-DDT; 20, p,p'-DDT; 21, Cypermethrin; 22, Fenvalerate; 23, Deltamethrin. 
 
(1:1, v/v) were investigated to be extract solvent to ex- 
tract pesticides from flos lonicerae sample. 

As one of the most efficient extract solvent, acetoni- 
trile can yield more co-extracts and make the followed 
clean-up or purification step sophisticated. Furthermore, 
acetonitrile can not dissolve very well in cyclohexane 
which was used as the GPC mobile phase in this work. 
The extract dissolved within acetonitrile had to be evapo- 
rated and concentrated near to dry and then re-dissolved 
by GPC mobile phase before loading to purification 

when acetonitrile was used as extract solvent in this case. 
At the same time, non-polar cyclohexane was not good 
enough to extract most of the polar pesticides, such as 
organophosphorus pesticides. In the experiment, finally 
we found that ethyl acetate and ethyl acetate-cyclohexane 
mixture (1:1, v/v) were the most efficient extract solvent 
for all pesticides investigated. To match the GPC mobile 
phase, ethyl acetate-cyclohexane mixture (1:1, v/v) was 
used as the extract solvent in following experiments, 
which has proper polarity and can improve extraction 
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efficiency and minimize matrix interferences. 
The volume of GPC fraction, collected as the purified 

pesticides, was one of the most important operating pa- 
rameters. In this work, the experiment results showed 
that most of the pesticides eluted in the retention time of 
16 - 36 min. In the meantime, many pigments eluted in 
16 - 17 min, which would had interference on the identi- 
fication, certification, and determination of pesticides 
with GC-MS. Therefore, the GPC fraction in the reten- 
tion time of 17 - 36 min, totally 95.0 mL, were collected 
and concentrated to 0.50 mL for GC-MS analysis. 

3.2. GC-MS Detection 

In this study, pesticide residue, usually at trace or ultra- 
trace level, accompanied with complex matrices, al-
though there had GPC clean-up step before analysis by 
GC-MS. The identification and certification of analyzed 
pesticides should be careful and take more evidences to 
avoid possible mistakes. The efficient separation of pes-
ticides and continuum components by GC was essential 
in this work, which provided the retention times to iden-
tify analytes. In the same time, the capability of discern-
ing characteristic fragments of each pesticide by MS de-
tector could avoid or eliminate false positives in meas-
urement. 4 characteristic fragment ions for each pesticide 
were chosen to calculate the ratio of characteristic ion 
abundance ratio. At last, the qualitative analysis, or the 
identification and certification, of all pesticides were 
performed with both the retention time and the ratios of 

the abundance of characteristic ions of each pesticide. 
For the quantitative analysis of pesticides, the simul-

taneous full scan and selected ion monitor (scan/SIM) 
mode were used, which not only provide pesticide struc- 
ture information but also improve the selectivity. Owe to 
the benefit of this scan/SIM mode, qualification and 
quantification can be completed synchronously in a sin- 
gle injection. Quantitative analysis of all pesticides was 
carried out with the abundance of a carefully selected 
characteristic fragment ion, which was free of the matrix 
interference. Table 1 listed all the 14 groups of monitor-
ing ions for the 23 pesticides. Table 2 shown the reten-
tion time (tr), quantifying ions, qualifying ions, and the 
abundance ratios of all characteristic ions for each pesti-
cide. The uncertainty of ion ratios for qualification was 
controlled to lower than 20%. 

3.3. Analytical Performance for the Developed 
Method 

The developed method was validated with the recoveries 
of the spiked standards in flos lonicerae sample. In the 
experiments, we chose a pesticide free flos lonicerae 
sample as the chemical matrix. By spiking different con-
centration level of pesticides standard in sample matrices 
and aging in a refrigerator for at least 4 hr at 4˚C, artifi- 
cial samples were prepared to the evaluation of method 
accuracy, precision, calibration, limits of detection (LODs), 
and limits of quantification (LOQs) in following experi- 
ments. 

 
Table 1. Monitoring ions segments of pesticides by GC-MS. 

Segments Start time (minute) Monitored ions (m/z) 

1 3.397 94, 95, 141, 47, 109, 185, 79, 187 

2 9.608 156, 110, 79, 109 

3 10.882 
127, 192, 67, 97, 181, 219, 183, 217, 87, 93, 125, 143, 219, 181, 183, 217, 237, 249, 295, 

214, 181, 183, 219, 111, 179, 137, 152, 199 

4 12.632 181, 219, 183, 217 

5 13.231 263, 109, 125, 79 

6 13.884 173, 127, 125, 79 

7 14.329 291, 109, 97, 139 

8 15.095 145, 85, 93, 125 

9 15.999 246, 318, 316, 248 

10 16.734 231, 153, 97, 125, 235, 237, 165, 236, 235, 337, 165, 236 

11 17.479 235, 237, 165, 236 

12 19.836 181, 163, 165, 77, 181, 163, 165, 209, 163, 181, 165, 209, 163, 181, 165, 209 

13 21.859 167, 125, 181, 152, 167, 125, 181, 169 

14 22.779 181, 253, 251, 255 
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Table 2. GC-MS parameters for determination 23-pesticide residues in flos lonicerae. 

Qualify ion 
No. Compounds 

Retention time 
(tr, min) 

Quantify ion 
(m/z) m/z Relative abundance (%) 

1 Methamidophos 6.430 94 94, 95, 141, 47 100, 62, 53, 17 

2 Dichlorvos 6.595 109 109, 185, 79, 187 100, 33, 16, 11 

3 Omethoate 10.348 156 156, 110, 79, 109 100, 84, 22, 21 

4 Monocrotophos 11.281 127 127, 192, 67, 97 100, 16, 15, 15 

5 BHC alpha isomer 11.613 181 181, 219, 183, 217 100, 96, 95, 75 

6 Dimethoate 11.842 87 87, 93, 125, 143 100, 60, 59, 13 

7 BHC beta isomer 12.097 219 219, 181, 183, 217 100, 99, 95, 79 

8 Quintozene 12.181 237 237, 249, 295, 214 100, 76, 74, 66 

9 Lindane 12.298 181 181, 183, 219, 111 100, 96, 87, 53 

10 Diazinon 12.475 179 179, 137, 152, 199 100, 96, 65, 58 

11 BHC delta isomer 12.853 181 181, 219, 183, 217 100, 98, 96, 78 

12 Methyl parathion 13.570 263 263, 109, 125, 79 100, 95, 80, 23 

13 Malathion 14.228 173 173, 127, 125, 93 100, 85, 83, 62 

14 Parathion 14.531 291 291, 109, 97, 139 100, 78, 66, 44 

15 Methidathion 15.627 145 145, 85, 93, 125 100, 59, 16, 15 

16 p,p'-DDE 16.344 246 246, 318, 316, 248 100, 86, 67, 66 

17 Ethion 17.125 231 231, 153, 97, 125 100, 51, 42, 35 

18 p,p'-DDD 17.139 235 235, 237, 165, 236 100, 65, 41, 15 

19 o,p'-DDT 17.191 235 235, 237, 165, 236 100, 66, 36, 15 

20 p,p'-DDT 17.851 235 235, 237, 165, 236 100, 66, 35, 15 

Cypermethrin I 21.359 181 181, 163, 165, 77 100, 89, 76, 34 

Cypermethrin II 21.461 181 181, 163, 165, 209 100, 94, 79, 38 

Cypermethrin III 21.516 163 163, 181, 165, 209 100, 81, 66, 45 
21 

Cypermethrin IV 21.555 163 163, 181, 165, 209 100, 81, 66, 46 

Fenvalerate I 22.317 167 167, 125, 181, 152 100, 97, 62, 55 
22 

Fenvalerate II 22.553 167 167, 125, 181, 169 100, 99, 62, 54 

23 Deltamethrin 23.237 181 181, 253, 251, 255 100, 67, 43, 33 

 
3.3.1. Accuracy and Precision 
Accuracy and precision were performed by the standard 
recovery test with artificial flos lonicerae sample. The 
standard recovery test was carried out at three levels of 
spiking concentration for each pesticide. Each spiking 
level was repeated three times to evaluate the precision. 
Accuracy was assessed by the standard added recoveries, 
and precision by the relative standard deviations (RSDs). 
Table 3 summarizes the standard added recoveries and 
RSDs for developed method. 

The result in Table 3 showed that standard added re- 
coveries were in the range of 87.1% - 110.9% at low 
spiked level (5.0 - 22.5 µg/kg), 86.4% - 107.1% at me- 
dium spiked level (8.2 - 45.0 µg/kg), and 71.9% - 108.5% 
at high spiked level (41.2 - 224.9 µg/kg). The linear re- 
gressions of the standard added concentration (x) versus 
peak area (y) of quantifying ion for all analytes yielded the 

correlation coefficients closing to 1.000, as shown in Ta- 
ble 3. These results suggest that the standard added recov- 
eries for all pesticides are stable at low, medium, and high 
concentration, which made the developed method more 
practical and useful in real world sample analysis. 

RSDs obtained were lower than 10% at all three added 
concentration levels, with the exception of 22.0% for 
p,p'-DDT at a high level of 214.9 µg/kg which may be 
interfered by the sample matrices. These results show that 
the developed method has a good reproducibility in the 
added concentration range. 

3.3.2. Calibration 
Matrix enhancement or reduction effect on the signal re- 
sponse is one of the most common problems in trace pes- 
ticides analysis for complex matrix samples [16,29]. In 
this work, the quantifications of all pesticides were car-  
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Table 3. Recovery, relative standard deviation and correlation coefficient of 23 pesticides in flos lonicerae by GPC-GC-MS. 

Low spiked level Medium spiked level High spiked level 

No. Compounds Concentration 
(µg/kg) 

Recovery 
(%) 

RSD (%)
Concentration

(µg/kg) 
Recovery 

(%) 
RSD 
(%)

Concentration 
(µg/kg) 

Recovery 
(%) 

RSD 
(%) 

Correlation 
coefficient

1 Methamidophos 22.0 93.9 2.8 44.0 86.4 9.1 219.7 85.1 2.4 0.9999 

2 Dichlorvos 20.3 91.0 3.7 40.6 87.7 6.8 203.0 71.9 5.8 0.9982 

3 Omethoate 22.4 89.2 3.1 44.9 94.6 1.6 224.4 101.5 4.7 0.9998 

4 Monocrotophos 20.5 90.6 2.7 41.0 96.7 6.9 205.0 104.5 3.2 0.9991 

5 BHC alpha isomer 19.9 102.1 6.2 39.7 96.6 7.2 198.6 99.2 4.7 0.9994 

6 Dimethoate 20.8 98.8 6.6 41.6 103.9 5.0 207.9 105.4 3.1 0.9998 

7 BHC beta isomer 20.8 102.5 1.1 41.6 101.6 6.7 207.9 104.4 2.5 0.9994 

8 Quintozene 21.3 98.7 6.0 42.7 96.9 7.4 213.4 98.0 5.3 0.9998 

9 Lindane 22.5 102.2 4.0 45.0 97.4 6.3 224.9 101.8 3.6 0.9997 

10 Diazinon 22.2 110.9 5.1 44.4 103.2 9.6 222.2 102.0 2.2 0.9999 

11 BHC delta isomer 20.1 102.1 6.8 40.2 100.2 9.1 200.8 103.5 2.7 0.9996 

12 Methyl parathion 22.5 102.0 6.8 45.0 105.6 9.2 224.9 106.4 3.0 1.0000 

13 Malathion 22.1 102.6 4.8 44.2 107.1 2.1 220.9 101.0 1.2 0.9966 

14 Parathion 22.5 103.2 3.9 45.0 102.9 7.0 224.9 102.3 3.0 0.9999 

15 Methidathion 19.9 101.0 3.0 39.7 99.1 4.6 198.6 99.7 2.8 0.9997 

16 p,p'-DDE 20.0 108.9 2.3 40.0 96.6 8.3 200.2 99.7 3.0 0.9997 

17 Ethion 22.1 105.1 3.7 44.2 99.8 7.6 221.1 97.5 2.1 0.9999 

18 p,p'-DDD 20.2 107.8 1.3 40.4 101.3 4.6 201.9 98.9 2.5 0.9996 

19 p,p'-DDT 21.8 107.0 2.6 43.7 100.2 6.9 218.2 99.3 3.0 0.9998 

20 p,p'-DDT 21.5 87.1 7.7 43.0 101.7 4.0 214.9 108.5 22.0 0.9712 

Cypermethrin I 5.4 100.9 3.9 10.7 97.9 2.9 53.6 95.5 3.5 0.9999 

Cypermethrin II 5.0 96.6 2.4 10.0 88.3 4.8 49.7 94.3 3.3 1.0000 

Cypermethrin III -
a
 - - 13.1 93.2 7.9 65.3 98.1 1.7 - 

21 

Cypermethrin IV - - - 8.2 91.0 5.2 41.2 97.3 5.6 - 

Fenvalerate I 15.2 91.8 2.9 30.5 97.9 9.4 152.3 98.7 3.6 0.9999 
22 

Fenvalerate II 7.5 97.3 2.4 14.9 88.5 4.6 74.6 98.4 3.9 1.0000 

 

23 Deltamethrin 20.5 95.0 5.8 41.0 89.1 9.5 204.8 98.5 3.7 1.0000 

aNo data available. 
 
ried out with matrix-matched external standard calibra- 
tion method. 

The calibration curves for quantification were obtained 
by measurement of a series of mixed pesticide standards. 
The standard series had 7 different concentration level 
between 10.0 and 1000.0 µg·L–1 as listed in Table 4. The 
linear curves were plotted by least squares regression of 
concentration versus peak area of each pesticide. The 
linear ranges and correlation coefficients were shown in 
Table 4. 

3.3.3. Limits of Detection (LODs) and Limits of 
Quantification (LOQs) 

The measurement of an artificial flos lonicerae sample, 
mixed standard added at 20 µg·kg–1, was repeated three  

times, including the pretreatment, extract, GPC purifica- 
tion, and GC-MS detection. The standard derivations (SDs) 
of the measurement for each pesticide were then calcu-
lated. Here Limits of detections (LODs) of the developed 
method were defined as the concentrations corresponding 
to 3 times of the standard deviations (SDs) of each ana-
lyte. LOD for each pesticide was in the range of 0.16 - 
3.24 µg·kg–1, with the exception of malathion and p,p'- 
DDT which had no data available. 

4. Conclusion 

A method for simultaneous measurement of 23 organo- 
chlorine, organophosphorus, and pyrethroid pesticides in 
traditional Chinese medicine, flos lonicerae, using GPC 
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Table 4. Linear ranges, correlation coefficients, LODs and LOQs for 23 pesticides in flos lonicerae. 

No. Compounds Linear range (µg/L) Correlation coefficient LOD (µg/kg) LOQ (µg/kg) 

1 Methamidophos 22 - 1099 0.9992 0.96 3.18 

2 Dichlorvos 10 - 1015 0.9969 1.05 3.49 

3 Omethoate 11 - 1122 0.9984 0.82 2.72 

4 Monocrotophos 10 - 1025 0.9983 1.54 5.13 

5 BHC alpha isomer 10 - 993 0.9976 1.95 6.52 

6 Dimethoate 10 - 1040 0.9994 2.02 6.74 

7 BHC beta isomer 10 - 1040 0.9985 0.40 1.35 

8 Quintozene 11 - 1067 0.9995 2.70 9.00 

9 Lindane 11 - 1124 0.9981 1.20 3.99 

10 Diazinon 11 - 1111 0.9986 2.18 7.28 

11 BHC delta isomer 10 - 1004 0.9985 2.35 7.83 

12 Methyl parathion 11 - 1124 0.9972 3.24 10.81 

13 Malathion 11 - 1104 0.9983 -a - 

14 Parathion 11 - 1124 0.9939 1.45 4.83 

15 Methidathion 10 - 993 0.9989 1.09 3.65 

16 p,p'-DDE 10 - 1000 0.9987 0.83 2.77 

17 Ethion 11 - 1105 0.9992 1.30 4.34 

18 p,p'-DDD 10 - 1010 0.9993 0.43 1.44 

19 p,p'-DDT 11 - 1091 0.9990 0.92 3.07 

20 p,p'-DDT 54 - 1075 0.9912 - - 

Cypermethrin I 3 - 268 0.9988 0.35 1.15 

Cypermethrin II 3 - 249 0.9988 0.16 0.53 

Cypermethrin III 16 - 327 0.9966 - - 
21 

Cypermethrin IV 10 - 206 0.9938 - - 

Fenvalerate I 8 - 761 0.9996 0.61 2.03 
22 

Fenvalerate II 4 - 373 0.9997 0.20 0.67 

23 Deltamethrin 10 - 1024 0.9996 2.09 6.98 

aNo data available. 
 
purification and GC-MS detection was developed. The 
method has good accuracy and precision, as well as low 
LODs. The method showed great prospects in determin-
ing common classes of pesticides in a typical traditional 
Chinese medicine. 
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