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1  Introduction

Carbaryl is a member of synthetic carbamate insecticide. Its 
International Union of Pure and Applied Chemistry (IUPAC) 
name, 1-naphthyl methylcarbamate, is highly used largely 
toxic to insects. It is commonly used to control aphids, fire 
ants, fleas, ticks, spiders, and many other outdoor pests 
[1]. It is also used in some gardens to thin out blossoms on 
fruit trees. Easy availability of this compound is frequently 
encountered in forensic casework, since carbamate insecti-
cides compounds are mostly misused in homicidal, acciden-
tal, and suicidal poisoning cases. In the Regional Forensic 
Science Laboratory, Aurangabad, India, the detected several 
cases of human poisoning by carbaryl are generally analyzed 
by thin-layer chromatography (TLC) and high-performance 
thin-layer chromatography (HPTLC) because they are the 

most simple, rapid and reliable techniques and due to their 
speed, low cost, and versatility usually used in forensic labo-
ratory for detection and identification of poison. The chemi-
cal structure of carbaryl shown in Fig. 1.

Carbaryl residues and their metabolites have been ana-
lyzed in environmental samples using a variety of chro-
matographic and instrumental methods such as ultraviolet 
(UV) spectrophotometry [2, 3, 4], gas chromatography–mass 
spectrometry (GC–MS) [5, 6, 7, 8, 9], high-performance 
liquid chromatography (HPLC) [10, 11, 12, 13], HPLC 
with fluorescence detection and tandem mass spectrometry 
(MS/MS) [14, 15], liquid chromatography–tandem mass 
spectrometry (LC–MS/MS) [16, 17, 18], nuclear magnetic 
resonance (NMR) spectroscopy [19], reversed-phase liquid 
chromatography with UV detection (RPLC–UV) [20] and 
capillary electrophoresis (CE) [21, 22] are reported in the 
literature for the determination of carbaryl pesticide residue. 
Although these methods are selective, there are limitations 
to their use in routine forensic work. Due to their complex 
matrix which may result in damage of the columns, HPTLC 
is the method of choice for screening biological sample due 
to its speed, low cost, and versatility. Several chromogenic 
reagents have been reported using TLC/HPTLC analysis [23, 
24, 25, 26] for the detection of carbaryl insecticides.

This study reports a new method for the determination 
of carbaryl in biological samples by HPTLC. The selec-
tive detection of carbaryl after HPTLC is possible by use 
of chromogenic spray reagent. Carbaryl reacts with chro-
mogenic reagent producing an intense brown-colored com-
pound. The chromogenic reagent does not react with the 
organochlorine insecticides, pyrethroids insecticides, her-
bicides. Vanillin reagent has been reported for the detection 
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of monocrotophos insecticide on TLC [27]. Visceral con-
stituents (amino acids, peptides, proteins, fats, etc.) do not 
interfere.

In continuation of our research work [28, 29, 30, 31, 32, 
33, 34, 35, 36, 37], we have developed several chromogenic 
reagents for the identification and detection of different 
synthetic poisons in biological materials with the hope it 
gives quick results for forensic toxicology field.

2 � Experimental

2.1 � Chemicals and reagents

All reagents were of analytical-reagent grade. Standard 
carbaryl (Modern Insecticides Ltd., Punjab, India) solution 
was prepared in acetone (2 mg mL−1).

2.1.1 � Chromogenic reagent

[A] 4 g sodium hydroxide in 100 mL distilled water (S.D. 
Fine-Chem Ltd., Mumbai, India).

[B] 2 g vanillin in 100 mL acetone (S.D. Fine-Chem 
Ltd.).

Reagent [A] was prayed, then, after waiting for 10 min, 
reagent [B] was sprayed, and then the plate was kept in an 
oven at 100 °C for 10 min.

2.2 � Extraction of carbaryl from biological materials

About an aliquot of 60 g biological material (viscera sample) 
[(I) pieces of stomach and small and large intestine with 
contents, (II) pieces of liver, spleen, kidney, and lungs] 
containing carbaryl poisoning history case was taken. The 
material was cut into fine pieces and minced carefully. An 
aliquot of 100 mL acetone was added, and the contents were 
left to stand for 24 h. Then the extract was transferred into a 
steel capsule and evaporated to dryness at room temperature. 
The residue was redissolved in 2 mL of acetone and was 
used for HPTLC analysis.

2.3 � High‑performance thin‑layer chromatography

HPTLC is one of the sophisticated instrumental techniques 
based on the full capabilities of TLC. The advantages of 
automation, scanning, full optimization, selective detec-
tion principle, minimum sample preparation, hyphenation, 
etc., enable it to be a powerful analytical tool for chroma-
tographic information of complex mixtures of pharmaceu-
ticals, natural products, clinical samples, food stuffs, and 
so on. For the detection of carbaryl residues, pre-coated 
HPTLC plates (silica gel 60 F254, Merck Ltd., Darmstadt, 
Germany) were used. Hexane–acetone (4:1, V/V) mixture 
was used as solvent system for HPTLC. The samples were 
spotted on HPTLC plates with fine capillary tubes along 
with pure carbaryl as the standard. The plates were dried, 
and the chromatogram was developed in a presaturated 
tank containing the solvent system as mentioned above. 
After developing the plates, the solvent front (distance 
traveled by the solvent) was immediately marked and the 
extra solvent was evaporated (dried) in fume hood. The 
plates were then sprayed with the abovementioned chro-
mogenic reagent. Brown-colored spot with white back-
ground was clearly visible at RF 0.22 and RF 0.54, shown 
in Fig. 2. RF values and color of spots tallies with standard 
carbaryl and spot stable up to 24 h.

TLC showing carbaryl residues using chromogenic 
spray reagent: (A) blank viscera, (B) viscera with carbaryl 
poisoning, (C) standard carbaryl (Fig. 2).

Fig. 1   Chemical structure of 
carbaryl

Fig. 2   High-performance thin-layer chromatography separation: A 
blank viscera; B viscera with carbaryl poisoning; C standard carbaryl
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3 � Results and discussion

Carbaryl is an organic compound which reacts with chro-
mogenic reagent to give intense brown-colored compound. 
The color species formed in the coordination complex of the 
carbaryl reacts with the reagent. When it forms coordination 
compound, then it appears as color compound. The color 
of the spot remains stable up to 24 h. The limit of detection 
with this reagent is approximately 8 μg. The reagent does not 
react with the organochlorine insecticides endosulfan, ben-
zene hexachloride (BHC) and dichloro-diphenyl-trichloro-
ethane (DDT), etc., with the organophosphorus insecticides 
dimethoate, phorate, quinalphos, etc., and with the synthetic 
pyrethroids like fenvalerate, cypermethrin, and deltamethrin. 
Visceral constituents (amino acids, peptides, proteins, fats, 
etc.) do not interfere. The chromogenic reagent utilized in 
the proposed method is cheap and does not involve any criti-
cal reaction condition or tedious sample preparation. Hence, 
this can be used routinely for the detection of carbaryl in 
biological materials in forensic toxicology. The chemical 
structure of carbaryl and complex formation is shown in 
(Fig. 3).

4 � Conclusion

To the best of our knowledge, the chromogenic reagent 
was used the first time for the detection and identification 
of synthetic carbamate insecticide carbaryl in biological 
post-mortem samples (in fatal poisoning cases of carbaryl). 
The proposed reagent is simple and can be used for routine 
analysis of synthetic carbaryl insecticide which helps us with 
analyses in forensic toxicology. Work on new spray reagents 
is in progress, the author hopes to report soon when work 
is over.
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