
Journal of Chromatography, 633 (1993) 169-176 
Elsevier Science Publishers B.V., Amsterdam 

CHROM. 24 766 

Automatic determination of N-methylcarbamate pesticides 
by using a liquid-liquid extractor derivatization module 
coupled on-line to a gas chromatograph equipped with a 
flame ionization detector 

E. Ballesteros, M. Gallego and M. Valcircel* 

Department of Analytical Chemistry, Faculty of Sciences, University of Cdrdoba. Girdoba 14004 (Spain) 

(First received July 17th, 1992; revised manuscript received November 18th, 1992) 

ABSTRACT 

A continuous extraction system for the continuous introduction of carbamate pesticide derivatives into a gas-liquid chromatograph 
was developed. The hydrolysis products of aryl N-methylcarbamates (phenols) were extracted with or without derivatization in a 
continuous fashion by using ethyl acetate or acetic anhydride in n-hexane, respectively. The acetylated phenolic portion of N-methyl- 
carbamates is highly selective, which was taken advantage of to identify six pesticides (propoxur, carbofuran, carbaryl, aminocarb, 
benthiocarb and methiocarb). The chromatographic responses obtained were linear between 0.2 and 160 mg/l of the different N- 
methylcarbamates, and the relative standard deviation was 1.9-3.9%. 

INTRODUCTION 

Carbamate pesticides have become increasingly 
important in recent years on account of their broad 
spectrum of biological activity. Gas-liquid chroma- 
tography (GLC) is by far the most commonly used 
technique for the determination of carbamates [ 1,2]. 
Direct GLC causes most N-methylcarbamates to be 
decomposed into their respective phenols to differ- 
ent extents. However, GLC analysis for carbamate 
phenols is not a widely accepted practice, because 
the determination of phenols is hindered by the low 
sensitivity of flame ionization detectors; neverthe- 
less, on derivatization to their ethers [3] or acetates 
[4], these substances can be readily determined. 
Chemical derivatization offers some advantages for 
the determination of carbamates including im- 
proved thermal stability, increased sensitivity and 
the possibility of implementing multi-residue analy- 
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sis. There are two general approaches to the deter- 
mination of derivatized N-methylcarbamates, 
namely with derivatization of the intact pesticide or 
of one of its hydrolysis products, which include the 
volatile methylamine. Methods for the derivatiza- 
tion and extraction of pesticides have been the sub- 
ject of excellent reviews [5,6]. Reagents such as hep- 
tafluorobutyric anhydride [7,8], pentafluoropro- 
pionic anhydride [9] and pentafluorobenzyl bro- 
mide [lO,ll] have been employed for this purpose. 
However, chemical derivatization involves addi- 
tional steps that result in analyte losses through ma- 
nipulation. Moreover, many derivatizing reagents 
are toxic, carcinogenic or explosive. Alternative 
techniques used for the determination of N-methyl- 
carbamates include spectrophotometry [12], TLC 
[13] and HPLC [14-171. 

Flow-injection analysis (FIA) has also been em- 
ployed for the determination of carbamates [18]. 
Various continuous separation systems have been 
used in combination with chromatographic tech- 
niques for this purpose. Thus, one method using a 
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thol). Formation of the carbamate derivative (ace- 
tylated 1-naphthol) not only prevents on-column 
decomposition, but also facilitates detection 
through increased sensitivity. Excess of acetic an- 
hydride (the derivatizing reagent) causes no disturb- 
ance as its peaks overlapped with those of the ex- 
tractant. Finally, the derivatives of the phenolic 
portion of the carbamates allow the identification 
of aminocarb, benthiocarb and methiocarb, which 
is impossible without derivatization under the chro- 
matographic conditions used. 
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