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Triazophos is an Organophosphorus pesticide. Poisoning from Triazophos is mostly accidental. Biological samples of

Triazophos poisoning are analyzed by instrumental methods such as HPLC, GLC, HPTLC, etc. Since these methods are

very costly and time consuming, therefore in the present study an attempt was made to analyze it using Thin layer

chromatography (TLC) for separation and identification of Triazophos. Triazophos was extracted from blood by solvent

extraction method and identified by TLC using various solvent systems (20 different solvent systems with different volumetric

ratio) and spots were visualized by using a single spraying reagent Bromophenol Blue followed by 4% Acetic acid. The

spots thus developed were noted and their R, values were calculated. The basic concept for this study is to develop new

solvent systems for Triazophos extracted from the blood, using single spraying reagents common for all.
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1. Introduction

Triazophos (O, O-diethyl O-1-phenyl-1H-1, 2, 4-
triazol-3-yl phosphorothioate) is a broad spectrum
non-systemic organophosphorus pesticide used
liberally throughout the world for plant protection
[1-4]. The primary mechanism of action of Triazophos
is neurotoxic and leads to accumulation of
neurotransmitter acetylcholine in synaptic,
cholinergic and neuromuscular effects [5-6]. General
population is exposed to Triazophos via different
route through food products, vegetables, fruits and
drinking water and thus Triazophos imposes an
important health concern in humans [7-8]. Triazophos
was most recently evaluated toxicologically by the
1993 JMPR (Annex 1, reference 68), when an ADI
of 0-0.001 mg/kg bw was established. It was re-

evaluated by the Pesticide Residues in Food-2002-
Joint FAO/WHO Meeting on Pesticide Residues. In
India, generally Triazophos 40% EC is used.
Triazophos 40% EC is a phosphoric acid ester
compound with contact and stomach action. It
controls pests like Bollworms, Caterpillar,
Leathoppers, Stem borers, Cutworms Armyworm &
mites of Cotton, Cereals, Rice, Potatoes, Citrus &
Vegetable Crops. The molecular formula of
Triazophos is: C,H,N,0,PS. It is an odorless,
yellowish color liquid. Triazophos is readily soluble
in most organic solvent for example in ethanol and
toluene 30g/ml, in n-hexane-0.7g/ml, in acetone-0.1g/
ml, in Dichloromethane -less than 0.1g/ml, in ethyl
acetone-230.1g/ml at 20°C. Its solubility in water is
30-40 mg/kg at 20°C. Its Chemical stability
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decomposed by acids and alkalis and thermal stability
is not stable in undiluted form. LD 50 of Triazophos
is 82mg/kg for rat. Analysis of Triazophos is being
done with the help of analytical methods like UPLC,
HPLC, GC, etc but TLC being simple, economical
and rapid method is being preferred, moreover it is
the best screening method.

Structure 1 : Chemical structure of Triazophos

2. Experimental - Material and Methods

1000 ppm solution of Triazophos (standard solution)
was prepared by dissolving 0.1 g of Triazophos in
100 ml of Acetonitrile. Spraying Reagent
Bromophenol Blue followed by Acetic acid was used.
All the reagents used were of Merck Limited,
Mumbai, India.

Extraction of Triazophos from Blood [9-11]

1 ml of blood was mixed with 10 ml of 10% sodium
tungstate solution and 15 ml of 0.1 N sulphuric acid,
shaken for two minutes and then filtered. The residue
was washed with 2 x 15 ml of 0.1 N sulphuric acid.
The washings were collected and mixed with the
filtrate, transferred into a separating funnel and
extracted thrice with 20 ml portion of n-Hexane. The
hexane layers were combined and passed through
anhydrous sodium sulphate and the solvent was
evaporated till dryness.

Spotting of Samples and Standard on TLC Plates

Triazophos extracted from blood was loaded on
precoated TLC plates (Merck Ltd.) along with the
standard with appropriate marking.

Developing of TLC Plates

The spotted plates were kept in different solvent
system which was taken in different ratios (Table 1).
After developing of TLC plates, the plates were taken
out of the solvent chamber and dried in the air.

Visualization of TLC plates

The dried and developed TLC plates were sprayed
with Bromophenol Blue followed by 4% Acetic acid
and also visualized under UV light (254 nm).

Quantification of Triazophos by Reversed Phase
High Performance Liquid Chromatography

A Dionex Ultimate 3000, High Performance Liquid
Chromatography having Photodiode Array Detector
(PDA) was introduced for re-confirms (identification)
and quantification of Triazophos after performing
TLC. Separation was performed on reverse phase C-
18 column; using acetonitrile and HPLC grade water
(70:30) as mobile phase at a flow rate 1ml™", 245
nm UV_VIS wavelength, 35° C column oven
temperature, and 20 pl injection volume was used.

3. Results and Discussion

After the development, the TLC Plates were sprayed
with spraying reagent Bromophenol blue followed
by 4% acetic acid and TLC plates were also visualized
under UV Light (254 nm). There were 20 different
solvent systems (Table 1) with different volumetric
ratios. The R, value of Triazophos extracted from
blood under experimental conditions was found
nearly equal to the standard used. The response of
separation of triazophos in all the 20 solvent systems
was analyzed and presented in Table 1. After
performing TLC, re-identification and quantification
was done by HPLC after Triazophos in to the blood.
According to the result, Triazophos was detected in
the sample. The compound was identified by
comparing its retention time with respect to technical
grade reference standard of Triazophos (Fig. 1 &
Table 3). The quantitative determination was carried
out with the help of a calibration curve drawn from
chromatographic experiments with standard solution
(Fig. 2).
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Table 1: Solvent system with ratios and R, values spraying reagents: Bromophenol blue followed by 4% Acetic acid

S.No. Solvent system Ratio  Time to Colour of spot R; of R; of Seen under UV
run min Std. sample (254 nm)
1 2 3 4 5 6 7 8
1. Hexane: Acetone 9:1 16 Light green 0. 186 0.185 Yes
Hexane: Acetone 8:2 17 Light green 0.25 0.25 Yes
Hexane: Acetone 7:3 23 Light green 0.582 0.590 Yes
Hexane: Acetone 6:4 24 Light green 0.808 0.809 Yes
Hexane: Acetone 5:5 24 Light green 0.884 0.882 Yes
Hexane: Acetone 4:6 22 Light green 0.964 0.963 Yes
Hexane: Acetone 3:7 18 Light green 0.919 0.916 Yes
Hexane: Acetone 2:8 17 Light green 0.920 0.918 Yes
Hexane: Acetone 1:9 16 Light green 0.931 0.930 Yes
2. Benzene :Acetone 9:1 18 Light green 0.762 0.759 Yes
Benzene :Acetone 8:2 23 Light green 0.864 0.863 Yes
Benzene :Acetone 7:3 17 Light green 0.932 0.930 Yes
Benzene :Acetone 6:4 20 Light green 0.908 0.902 Yes
Benzene :Acetone 5:5 19 Light green 0.897 0.891 Yes
Benzene :Acetone 4:6 21 Light green 0.935 0.931 Yes
Benzene :Acetone 3:7 20 Light green 0.957 0.953 Yes
Benzene :Acetone 2:8 18 Light green 0.936 0.930 Yes
Benzene :Acetone 1:9 20 Light green 0.947 0.941 Yes
3. Hexane:Ethyl acetate 9:1 35 Light green 0.102 0.107 Yes
Hexane:Ethyl acetate 8:2 35 Light green 0.369 0.364 Yes
Hexane:Ethyl acetate 7:3 40 Light green 0.721 0.719 Yes
Hexane:Ethyl acetate 6:4 32 Light green 0.793 0.790 Yes
Hexane:Ethyl acetate 5:5 31 Light green 0.839 0.837 Yes
Hexane:Ethyl acetate 4:6 26 Light green 0.837 0.839 Yes
Hexane:Ethyl acetate 3:7 27 Light green 0.915 0.919 Yes
Hexane:Ethyl acetate 2:8 24 Light green 0.895 0.896 Yes
Hexane:Ethyl acetate 1:9 22 Light green 0.868 0.862 Yes
4. Benzene: Diethyl ether 9:1 22 Light green 0.479 0.477 Yes
Benzene: Diethyl ether 8:2 23 Light green 0.598 0.595 Yes
Benzene: Diethyl ether 7:3 22 Light green 0.658 0.655 Yes

Table 1 contd ...
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1 2 3 4 5 6 7 8
Benzene: Diethyl ether 6:4 19 Light green 0.712 0.709 Yes
Benzene: Diethyl ether 5:5 14 Light green 0.645 0.642 Yes
Benzene: Diethyl ether 4:6 20 Light green 0.785 0.781 Yes
Benzene: Diethyl ether 3:7 22 Light green 0.863 0.860 Yes
Benzene: Diethyl ether 2:8 18 Light green 0.824 0.821 Yes
Benzene: Diethyl ether 1:9 15 Light green 0.799 0.795 Yes
S. Benzene:Ethyl acetate 9:1 21 Light green 0.484 0.482 Yes
Benzene:Ethyl acetate 8:2 22 Light green 0.659 0.655 Yes
Benzene:Ethyl acetate 7:3 21 Light green 0.750 0.747 Yes
Benzene:Ethyl acetate 6:4 22 Light green 0.786 0.781 Yes
Benzene:Ethyl acetate 5:5 23 Light green 0.842 0.839 Yes
Benzene: Ethyl acetate 4:6 22 Light green 0.828 0.827 Yes
Benzene: Ethyl acetate 3:7 19 Light green 0.866 0.862 Yes
Benzene: Ethyl acetate 2:8 30 NR NR NR NR
Benzene: Ethyl acetate 1:9 30 NR NR NR NR
6. Hexane: Methanol 9:1 30 Light green 0.134 0.130 Yes
Hexane: Methanol 8:2 24 Light green 0.167 0.164 Yes
Hexane: Methanol 7:3 30 Light green 0.227 0.225 Yes
Hexane: Methanol 6:4 25 Light green 0.135 0.136 Yes
Hexane: Methanol 5:5 30 Light green 0.252 0.250 Yes
Hexane: Methanol 4:6 30 Light green 0.767 0.765 Yes
Hexane: Methanol 3:7 30 Light green 0.767 0.769 Yes
Hexane: Methanol 2:8 30 Light green 0.776 0.773 Yes
Hexane: Methanol 1:9 29 Light green 0.745 0.744 Yes
7. Benzene:Methanol 9:1 25 Light green 0.781 0.779 Yes
Benzene:Methanol 8:2 30 Light green 0.871 0.870 Yes
Benzene:Methanol 7:3 30 Light green 0.876 0.873 Yes
Benzene:Methanol 6:4 30 Light green 0.939 0.937 Yes
Benzene:Methanol 5:5 30 Light green 0.887 0.885 Yes
Benzene:Methanol 4:6 28 Light green 0.807 0.804 Yes
Benzene:Methanol 3:7 26 Light green 0.761 0.758 Yes
Benzene:Methanol 2:8 28 Light green 0.751 0.747 Yes
Benzene:Methanol 1:9 30 Light green 0.785 0.781 Yes

Table 1 contd ...
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1 2 3 4 5 6 7 8
8. Chloroform: Ether 9:1 26 Light green 0.584 0.581 Yes
Chloroform: Ether 8:2 26 Light green 0.761 0.758 Yes
Chloroform: Ether 7:3 29 Light green 0.759 0.755 Yes
Chloroform: Ether 6:4 30 Light green 0.856 0.853 Yes
Chloroform: Ether 5:5 24 Light green 0.746 0.744 Yes
Chloroform: Ether 4:6 21 Light green 0.597 0.600 Yes
Chloroform: Ether 3:7 25 Light green 0.749 0.747 Yes
Chloroform: Ether 2:8 28 Light green 0.841 0.839 Yes
Chloroform: Ether 1:9 29 Light green 0.831 0.827 Yes
9. Benzene: Ethanol 9:1 26 Light green 0.775 0.777 Yes
Benzene: Ethanol 8:2 30 Light green 0.859 0.857 Yes
Benzene: Ethanol 7:3 30 Light green 0.834 0.831 Yes
Benzene: Ethanol 6:4 30 NR NR NR NR
Benzene: Ethanol 5:5 30 NR NR NR NR
Benzene: Ethanol 4:6 30 Light green 0.856 0.853 Yes
Benzene: Ethanol 3:7 30 Light green 0.856 0.852 Yes
Benzene: Ethanol 2:8 30 Light green 0.799 0.797 Yes
Benzene: Ethanol 1:9 30 Light green 0.759 0.757 Yes
10. Benzene: Chloroform 9:1 30 Light green 0.111 0.111 Yes
Benzene: Chloroform 8:2 30 Light green 0.127 0.125 Yes
Benzene: Chloroform 7:3 30 Light green 0.168 0.166 Yes
Benzene: Chloroform 6:4 30 Light green 0.135 0.133 Yes
Benzene: Chloroform 5:5 26 Light green 0.116 0.112 Yes
Benzene: Chloroform 4:6 23 Light green 0.137 0.130 Yes
Benzene: Chloroform 3:7 25 Light green 0.158 0.154 Yes
Benzene: Chloroform 2:8 27 Light green 0.159 0.157 Yes
Benzene: Chloroform 1:9 22 Light green 0.216 0.214 Yes
11. Toluene: Acetone 9:1 22 Light green 0.519 0.517 Yes
Toluene: Acetone 8:2 20 Light green 0.649 0.647 Yes
Toluene: Acetone 7:3 17 Light green 0.810 0.804 Yes
Toluene: Acetone 6:4 16 Light green 0.761 0.758 Yes
Toluene: Acetone 5:5 17 Light green 0.818 0.816 Yes
Toluene: Acetone 4:6 18 Light green 0.866 0.862 Yes
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1 2 3 4 5 6 7 8
Toluene: Acetone 3:7 18 NR NR NR NR
Toluene: Acetone 2:8 16 Light green 0.889 0.885 Yes
Toluene: Acetone 1:9 17 NR NR NR NR

12. Acetone: Carbon tetrachloride  9:1 30 NR NR NR NR
Acetone: Carbon tetrachloride 8:2 30 Light green 0.836 0.833 Yes
Acetone: Carbon tetrachloride 7:3 30 NR NR NR NR
Acetone: Carbon tetrachloride 6:4 30 NR NR NR NR
Acetone: Carbon tetrachloride 5:5 30 Light green 0.859 0.858 Yes
Acetone: Carbon tetrachloride 4:6 30 Light green 0.873 0.870 Yes
Acetone: Carbon tetrachloride 3:7 30 Light green 0.863 0.858 Yes
Acetone: Carbon tetrachloride 2:8 30 Light green 0.822 0.818 Yes
Acetone: Carbon tetrachloride 1:9 30 Light green 0.587 0.585 Yes

13. Ethyl acetate: Chloroform 9:1 20 Light green 0.797 0.793 Yes
Ethyl acetate: Chloroform 8:2 21 Light green 0.719 0.717 Yes
Ethyl acetate: Chloroform 7:3 25 Light green 0.832 0.827 Yes
Ethyl acetate: Chloroform 6:4 26 Light green 0.807 0.804 Yes
Ethyl acetate: Chloroform 5:5 30 Light green 0.911 0.900 Yes
Ethyl acetate: Chloroform 4:6 30 Light green 0.790 0.788 Yes
Ethyl acetate: Chloroform 3:7 30 Light green 0.765 0.767 Yes
Ethyl acetate: Chloroform 2:8 29 Light green 0.745 0.747 Yes
Ethyl acetate: Chloroform 1:9 30 Light green 0.624 0.620 Yes

14. Ethyl acetate: Cyclohexane 9:1 26 Light green 0.839 0.839 Yes
Ethyl acetate: Cyclohexane 8:2 27 Light green 0.845 0.847 Yes
Ethyl acetate: Cyclohexane 7:3 30 Light green 0.853 0.850 Yes
Ethyl acetate: Cyclohexane 6:4 30 Light green 0.815 0.816 Yes
Ethyl acetate: Cyclohexane 5:5 30 Light green 0.759 0.758 Yes
Ethyl acetate: Cyclohexane 4:6 30 Light green 0.635 0.632 Yes
Ethyl acetate: Cyclohexane 3:7 30 Light green 0.468 0.465 Yes
Ethyl acetate: Cyclohexane 2:8 30 Light green 0.210 0.209 Yes
Ethyl acetate: Cyclohexane 1:9 30 Light green 0.124 0.128 Yes

15. Hexane:Butanol 9:1 30 Light green 0.784 0.786 Yes
Hexane:Butanol 8:2 30 Light green 0.867 0.864 Yes
Hexane:Butanol 7:3 30 Light green 0.912 0.9 Yes
Hexane:Butanol 6:4 30 Light green 0.904 0.901 Yes
Hexane:Butanol 5:5 30 NR NR NR NR

Table 1 contd ...
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1 2 3 4 5 6 7 8
Hexane:Butanol 4:6 30 NR NR NR NR
Hexane:Butanol 3:7 30 NR NR NR NR
Hexane:Butanol 2:8 30 NR NR NR NR
Hexane:Butanol 1:9 30 NR NR NR NR

16. Hexane:Propanol 9:1 30 Light green 0.605 0.602 Yes
Hexane:Propanol 8:2 30 Light green 0.910 0.900 Yes
Hexane:Propanol 7:3 30 Light green 0.883 0.880 Yes
Hexane:Propanol 6:4 30 Light green 0.857 0.852 Yes
Hexane:Propanol 5:5 30 Light green 0.857 0.854 Yes
Hexane:Propanol 4:6 30 Light green 0.852 0.850 Yes
Hexane:Propanol 3:7 30 Light green 0.892 0.890 Yes
Hexane:Propanol 2:8 30 Light green 0.874 0.872 Yes
Hexane:Propanol 1:9 30 Light green 0.851 0.849 Yes

17. Benzene:Propanol 9:1 22 Light green 0.773 0.770 Yes
Benzene:Propanol 8:2 30 Light green 0.875 0.873 Yes
Benzene:Propanol 7:3 30 NR NR NR NR
Benzene:Propanol 6:4 30 NR NR NR NR
Benzene:Propanol 5:5 30 NR NR NR NR
Benzene:Propanol 4:6 30 NR NR NR NR
Benzene:Propanol 3:7 30 NR NR NR NR
Benzene:Propanol 2:8 30 Light green 0.886 0.884 Yes
Benzene:Propanol 1:9 30 Light green 0.906 0.900 Yes

18. Acetone:n-Propanol 9:1 18 NR NR NR NR
Acetone:n-Propanol 8:2 22 NR NR NR NR
Acetone:n-Propanol 7:3 17 Light green 0.844 0.842 Yes
Acetone:n-Propanol 6:4 26 NR NR NR NR
Acetone:n-Propanol 5:5 30 NR NR NR NR
Acetone:n-Propanol 4:6 30 NR NR NR NR
Acetone:n-Propanol 3:7 30 NR NR NR NR
Acetone:n-Propanol 2:8 30 NR NR NR NR
Acetone:n-Propanol 1:9 30 Light green 0.856 0.854 Yes

19. Hexane: Ethanol 9:1 24 Light green 0.204 0.209 Yes
Hexane: Ethanol 8:2 31 Light green 0.528 0.525 Yes
Hexane: Ethanol 7:3 30 Light green 0.928 0.930 Yes
Hexane: Ethanol 6:4 30 Light green 0.775 0.779 Yes
Hexane: Ethanol 5:5 27 Light green 0.868 0.866 Yes

Table 1 contd ...
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1 2 3 4 5 6 7 8
Hexane: Ethanol 4:6 28 Light green 0.793 0.797 Yes
Hexane: Ethanol 3:7 37 Light green 0.796 0.794 Yes
Hexane: Ethanol 2:8 43 Light green 0.918 0.918 Yes
Hexane: Ethanol 1:9 30 Light green 0.834 0.838 Yes

20 Acetone: Methanol: Hexane 6:3:1 28 Light green 0.786 0.788 Yes
Acetone : Methanol: Hexane 5:4:1 15 Light green 0.828 0.825 Yes
Acetone : Methanol: Hexane 4:5:1 23 Light green 0.879 0.878 Yes
Acetone : Methanol: Hexane 3:6:1 21 Light green 0.854 0.851 Yes
Acetone : Methanol: Hexane 2:7:1 30 Light green 0.836 0.835 Yes
Acetone : Methanol: Hexane 1:8:1 30 Light green 0.802 0.802 Yes
Acetone : Methanol: Hexane 8:1:1 30 NR NR NR NR
Acetone : Methanol: Hexane 7:2:1 17 Light green 0.855 0.853 Yes

NR: No Result

Table 2: Solvent system of best volumetric ratios with R, values

S.No.  Solvent System Ratio R; of Standard R; of sample
1. Hexane: Acetone 8:2 0.25 0.25
2. Benzene :Acetone 8:2 0.864 0.863
3. Hexane: Ethyl acetate 7:3 0.721 0.719
4. Benzene: Diethyl ether 9:1 0.479 0.477
5. Benzene: Ethyl acetate 4:6 0.828 0.827
6. Hexane: Methanol 7:3 0.227 0.225
7. Benzene: Methanol 8:2 0.871 0.870
8. Chloroform: Ether 5:5 0.746 0.744
9. Benzene: Ethanol 8:2 0.859 0.857
10 Benzene: Chloroform 7:3 0.168 0.166
11. Toluene: Acetone 8:2 0.649 0.647
12. Acetone: Carbon tetrachloride 5:5 0.859 0.858
13. Ethyl acetate: Chloroform 8:2 0.719 0.717
14. Ethyl acetate: Cyclohexane 5:5 0.759 0.758
15. Hexane: Butanol 9:1 0.784 0.786
16. Hexane: Propanol 4:6 0.852 0.850
17. Benzene: Propanol 9:1 0.773 0.770
18. Acetone: n-Propanol 7:3 0.844 0.842
19. Hexane: Ethanol 9:1 0.204 0209
20. Acetone : Methanol: Hexane 6:3:1 0.786 0.788
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Fig. 1: Chromatogram obtained from extract of blood sample
Triazophos External UV_Vts_1
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Fig. 2: Calibration graph of standards (RT: 7.1, Cal.type: linear)

Table 3: Retention time window and other parameters of the method in blood sample.

Compound RT (min) Height (mAU) Width

Amount (ppm)

Triazophos 7.1 4.772 0.361

8.7
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4. Conclusion

The screening of the Triazophos with analytical
method like UPLC, HPLC, GC, etc are expensive
and are also not available in every laboratory across
the country. TLC is a very simple, cheap and rapid
technique and can be performed in very less time as
compared to UPLC, HPLC, and GC. Here we use
twenty different solvent systems to analyze
Triazophos. The solvent systems of best volumetric
ratio with R, values of standard sample are mentioned
in Table 2. After screening of Triazophos with TLC,
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