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Simultaneous determination of 56 organochlorine and pyrethroid
pesticides in traditional Chinese medicines by GC coupled with
dual-tower and dual-column
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Abstract: The paper is to report the establishment of a method for the determination of multi-residue
organochlorine and pyrethroid pesticides in traditional Chinese medicines (TCMs). Fifty-six pesticides were
extracted by high-speed homogenization, and then purified through gel permeation chromatography (GPC) and
solid phase extraction (SPE) cartridges. The residues were simultaneously identified and quantified by
GC-ECD equipped with dual tower, dual column and two pu-ECD detectors. The analytical performance was
demonstrated by the analysis of 3 TCMs samples’ extracts, spiked at three concentration levels for each pesticide.
In general, the recoveries ranging from 70% to 110%, with relative standard deviations (RSDs) better than 15%,
were obtained. The limit of detection (LOD) for most of the targeted pesticides tested was below 0.01 mg-kg .
The method had good extraction efficiency, purification effect and good reproducibility, which could be applied
to the determination of organochlorine and pyrethroid pesticide residues in the routine analysis of TCMs.

Key words: organochlorine and pyrethroid pesticide; gel permeation chromatography; solid phase extraction;
gas chromatography; dual-tower and dual-column
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Table 1  Groups, relative retention time, calibration data, correlation coefficients and LODs (studied in a Semen Ginkgo sample) of 56

pesticides
Group No. Pesticide tr (DB-1) tg (DB-17) C/mg~L’1 Calibration curve r LOD/mg~kg’l

1 1 Tecnazene 0.241 0.285 100 y=-0.022 6 X +2.104 3 x+0.024 5 0.999 99 0.013
2 Hexachlorobenzene 0.297 0.335 100 y=-0.021 0 x> +2.072 5x+0.0373  0.999 99 0.001

3 Quintozene 0.321 0.399 100 y=-0.0263 X +2.075 9 x+0.029 6  0.999 99 0.017

4 Pentachloroaniline 0.367 0.497 200 y=-0.026 0 x>+ 1.748 6 x + 0.043 3 0.999 98 0.007

5 S421 0.425 0.485 100 y=0.0145x*+3.0512x-0.1329  0.999 94 0.003

6  Methyl-pentachlorophenyl sulfide 0.445 0.561 100 y=-0.0299 x> +2.293 6 x— 0.038 0 0.999 98 0.004

7  Triadimefon 0.475 0.589 500 y=-0.012 0 x* +2.005 8 x+0.096 6 0.999 94 0.016

8  Oxy-chlordane 0.534 0.618 100 y=-0.0167x*+1.335 1 x+0.0252 0.999 98 0.007

9 o,p-DDE 0.580 0.723 200 y=-0.0350x"+2.0379x+0.0576 0.999 97 0.011

10 o, p'-DDD 0.648 0.802 200 y=-0.0330%*+2.011 5x+0.0505 0.999 97 0.015

11 o,p-DDT 0.729 0.825 200 y=-0.009 1 xX*+ 1.860 6 x +0.064 3  0.999 96 0.018

12 Bromopropylate 0.877 0.874 200 y=—-0.0111x*+0.9424 x+0.0735 0.999 82 0.009

13 Tetradifon 0.891 0.916 100 y=-0.010 0x*+0.990 5x+0.016 1  0.999 99 0.019

14 Cyfluthrin 0.967 0.962 500 y=-0.0054x>+3.2220x+0.0104 0.999 99 0.007

15 Fenvalerate 1.013 1.054 500 y=0.0070x*+2.610 6 x+0.0028  1.000 00 0.003

2 16 Alpha-HCH 0.279 0.343 100 y=-0.0042x*+1.752 5x—0.0043 0.999 98 0.004
17  Pentachloranisole (PCA) 0.300 0.359 100 y=-0.0267x*+2.158 8 X+ 0.0699 0.999 95 0.006

18  Chlorothalonil 0.331 0.519 100 y=0.0417x*+1.6839x—0.1671  0.999 79 0.001

19 Vinclozolin 0.394 0.486 200 y=-0.0151x+1.450 6x+0.059 6 0.999 91 0.008

20  Dichlofluanid 0.439 0.622 100 y=0.0146x+13137x-0.0157  0.999 99 0.006

21  Chlorthal-dimethyl 0.481 0.585 100 y=—-0.018 4 x>+ 1.473 3 x+0.0378 0.999 95 0.006

22 Pendimethalin 0.521 0.649 1000 y=-0.0087 x>+ 1.917 1 x+0.1073 0.999 94 0.035

23 Triadimenol 0.551 0.694 10 000 y=-0.0558x*+3.311 7x+0.1683 0.999 86 0.638

24  cis-Chlordane 0.597 0.716 100 y=-0.0144x+1.776 0x +0.025 6  0.999 97 0.008

25 p,p'-DDE 0.640 0.775 100 y=-0.0144x+1.6722x+0.0219 0.999 97 0.006

26  Fenpropathrin 0.886 0.877 200 y=-0.001 8 x*+0.637 8 x+0.020 5 0.999 97 0.015

27 Mirex 0.914 0.911 100 y=-0.0050x"+0.849 0 x +0.020 6  0.999 98 0.004

28  Permethrin 0.945 0.944 1000 y=-0.0063 x*+1.087 7x+0.071 1  0.999 88 0.050

29  Tau-fluvalinate 1.020 1.010 500 y=0.0186x*+2.584 6x—0.0503  0.999 98 0.004

3 30 Beta-HCH 0.292 0.462 200 y=-0.0128x*+1.5220x+0.048 0 0.999 98 0.008
31 Delta-HCH 0315 0.518 100 y=-0.0026 x>+ 1.661 3 x+0.0185 0.999 99 0.003

32 Heptachlor 0.415 0.473 100 y=-0.020 6 X+ 1.636 6 x + 0.051 6  0.999 98 0.007

33 Aldrin 0.470 0.530 100 y=-0.0235x"+22742x+0.2241 0.999 84 0.006

34  Heptachlor-exo-epoxide (Cis) 0.527 0.649 100 y=-0.0183 x>+ 1.344 7x+0.0471 0.999 97 0.006

35 Procymidone 0.550 0.713 1 000 y=-0.0182x"+1.569 2 x+0.202 8 0.999 63 0.040

36 Dieldrin 0.639 0.780 100 y=-0.027 8 X +2.006 9 x + 0.046 4 0.999 97 0.005

37 Endrin 0.673 0.815 200 y=-0.023 5%+ 1.582 8 x+0.067 6 0.999 93 0.008

38 p,p'-DDD 0.712 0.831 200 y=-0.0458 x> +3.2628x+0.1737 0.999 91 0.005

39 p,p-DDT 0.798 0.848 100 y=—-0.0136x*+4.6793x+0.016 8 0.999 99 0.009

40 Iprodione 0.862 0.879 1000 y=-0.0033 x*+1.389 2 x +0.097 8  0.999 88 0.018

41  Methoxychlor 0.879 0.900 200 y=-0.007 4 x* +2.064 5x+0.093 1 0.999 90 0.007

42 Flucythrinate 0.985 0.990 500 y=-0.0079 x* +2.458 5x—0.000 6 1.000 00 0.005

43 Deltamethrin 1.032 1.123 500 y=-0.0120%+3.170 3 x+0.1259  0.999 98 0.003

4 44 Dicloran 0.285 0.415 100 y=-0.0247x*+1.3345x+0.0222 0.999 96 0.004
45 Gamma-HCH 0.309 0.423 100 y=-0.024 8 x>+ 1.886 8 x — 0.013 7 0.999 94 0.003

46  Tefluthrin 0.357 0.321 100 y=-0.0293x>+1.4952x-0.0101 0.999 96 0.006

47  Alachlor 0.406 0.509 1 000 y=—-0.018 4 x>+ 1.407 5x+0.0917 0.999 91 0.032

48  Dicofol 0.466 0.893 100 y=-0.0253x*+1.3956x+0.109 1  0.999 86 0.004

49  Heptachlor-endo-epoxide (trans) 0.531 0.668 100 y=-0.0259x*+1.441 6 x+0.0148 0.999 97 0.005

50 trans-Chlordane 0.566 0.689 100 y=-0.029 6 x>+ 1.950 8 x— 0.000 9 0.999 96 0.005

51  Alpha-endosulfan 0.590 0.723 100 y=-0.030 2 x* + 1.605 6 x + 0.006 5 0.999 97 0.010

52 Beta-endosulfan 0.678 0.835 100 y=-0.0616x*+2.990 8 x+0.051 0 0.999 97 0.003

53  Endosulfan sulfate 0.760 0.864 100 y=-0.038 8 x> +2.187 0x—0.000 1  0.999 96 0.004

54  Bifenthrin 0.887 0.854 500 y=-0.024 8 x>+ 1.524 5x—0.053 9 0.999 93 0.007

55  Cyhalothrin 0.923 0.890 100 y=-0.004 6 x> +0.714 1 x—0.0122  0.999 95 0.004

56 Cypermethrin 0.977 0.987 500 y=-0.0094x*+2.7373x—0.044 5 0.999 98 0.009

The relative retention time of all pesticides was calculated by using decachlorobiphenyl (internal standard) as a reference standard. The
retention times of triadimenol and pyrethroids were based on the combined peaks of their isomers, and the retention time of S-421 was
represented by the back peak of its decomposition products
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Figure 1 Chromatograms of 56 pesticides and decachlorobiphenyl (IS) separated by DB-1 capillary column (Group one to four, from
top to bottom)
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Figure 2 Chromatograms of 56 pesticides separated by DB-17 capillary column (Group one to four, from top to bottom)
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