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Class-Specific Determination of Carbamate Pesticides by Gas Chromatography
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Class-specific determination of pesticides prior to chromato
graphic determination is an attractive approach for broader 
pesticide monitoring. If the total quantity of a class of 
pesticides in a sample can be determined and the quantity is 
less than the maximum residue limits of certain pesticides in 
the class, the sample can be eliminated from further inspec
tion for those pesticides. Since it is usual that a vast majority 
of food and environmental samples turns out to be under 
maximum residue limits of pesticides, the time and cost 
saved by this approach may be enormous. There have been 
many studies aimed at developing such a class-specific 
determination method based on enzyme inhibition1-5 or 
immunoassay,6-8 but they were all very far from being quan
titative. This paper describes development of a new quantita
tive class-specific determination method for carbamate pesticides.

Most of carbamate insecticides currently in use have the 
N-methyl carbamate group (-OCONHCH3). Carbofuran and 
methomyl are examples.

We found that amines react with N-methyl carbamate 
pesticides to give a common urea derivative (-NHCONHCH3). 
Thus, derivatization of carbamate pesticides with an amine 
reagent followed by the determination of their common urea 
derivative allows their quantitative class-determination. We 
developed such a class-specific analytical method for carba
mates using gas chromatography-electron capture detector 
(GC-ECD). In order to determine the urea derivative with 
high sensitivity, the derivatization was carried out with p- 
(trifluoromethyl)benzylamine (TFBA), an electrophoric 
reagent, and the primary derivative (Derivative I in Scheme 
1) was converted to less polar secondary derivatives (Deri
vative II and III in Scheme 1).

The derivatizing reaction of each carbamate pesticide with 
TFBA was carried out by combining 0.1 mL of a 0.01 M 
pesticide solution in acetonitrile, 0.1 mL of a 0.05 M TFBA 
solution in acetonitrile and 0.1 g of K2CO3 in a vial and 
stirring at 80 oC for 1 h. The yields of the urea derivative9 in 
the reactions were determined by analyzing the reaction 
mixtures by HPLC using an internal standard. The yields of 
the derivative based on the relative peak area compared to 
that of the standard are presented in Table 1.

The urea derivative was transformed to less polar secondary 
derivatives (Scheme 1) by acetylation (acetic anhydride/ 
pyridine, 100 oC, 1 h). 1H NMR spectrum10 of the product 
revealed that the product consists of two isomers (Derivative 
II and III in 2.71 : 1 molar ratio) that resulted from acetyl
ation of only one of the two NH groups (Scheme 1). Attempts 
to resolve the two isomers ended in failure, however, the 
peak encompassing the two isomers was fairly sharp.

A calibration curve for the secondary derivatives was 
obtained from the chromatograms of the standard solutions 
of the derivatives in acetonitrile (10-2-10-10 M). The chromato
grams for each standard solution were obtained using an HP- 
5 capillary column and an autoinjector. Typical chromato
grams of the standard solutions are shown in Figure 1 and 
the calibration graph is presented in Figure 2. The curve was 
linear over the concentration range 10-7-10-2 M. The

Table 1. The yields of the primary derivative in the derivatization of 
carbamate pesticides with TFBA

Carbamate pesticides Yields (%)
Carbofuran 94
Carbaryl 90
Isoprocarb 78
Bendiocarb 83
Methiocarb 84
Methomyl 72
Aldicarb 67

Scheme 1
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Figure 1. Chromatograms of the standard solutions of the secondary derivatives. The GC operating conditions: splitless injection using an 
autoinjector (1 卩L), 250 oC; carrier gas, helium; oven temperature, from 120 oC to 200 oC at 20 oC/min; detector (ECD) temperature, 320 oC.

꺼
드

> 묘
한
 다
)

L1J

顷O

_J

Figure 2. Calibration graph of the secondary derivatives.

minimum detectable concentration of the derivative was 10-10 
M (S/N = 5). Recovery of carbofuran spiked into tap water 
(1 ppm) was 56%.

In conclusion, the analytical method developed in this 
study is useful for the quantitative class-specific determin
ation of carbamate pesticides, and may be utilized for pre
liminary screening of food and environmental samples to 

evaluate the necessity of further inspection for individual 
carbamate pesticides. Therefore, this method may be useful 
for broadening the current scope of pesticide monitoring.
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