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Abstract: Among the new technologies as alternative control methods for stored product pests is the 

mixture of ethyl formate (EF) and carbon dioxide (CO2) for disinfestation of grain. This paper 

presents the results of dynamic studies on gaseous mixture consisting of EF and CO2 in different 

doses introduced into the pest control of warehouses. The most effective recipe for composition of FE 

and CO2 gas was dose of 5.7 ml EF/50 kg wheat + 20 l CO2, with a period for 3 hours exposure to gas 

mixture. Larval lethal doses were in the range of 3.5425-5.6938 ml EF/50 kg wheat and adults lethal 

doses between 0.4249-4.5613 ml EF/50 kg wheat, larvae being more resistant to treatment with ethyl 

formate (LD 100 = 5.6938) compared with adults (LD 100 = 4.5613). 
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INTRODUCTION 

The restrictions on the use of fumigants have posed new global challenges to the food 

industry, and have resulted in efforts to found new technologies as alternative control methods for 

stored product pests. Ethyl formate (EF) has shown the efficacy against stored grain insects, being 

used for rapid disinfestation (Annis, P.C. and al., 2000, Damcevski and Annis, 2001). Ethyl formate is 

known as a solvent and is used as a flavoring agent in the food industry. It is naturally present in 

certain fruits, wine and honey. It decomposes slowly in water releasing formic acid and ethanol. In 

India, extensive laboratory tests against insect pests of food commodities and field trials on bagged 

cereals, spices, pulses, dry fruits and oilcakes have been carried out on the fumigant (Muthu et al., 

1984). 

The CO2 has been added to eliminate the flammability of the EF and to enhance efficacy by 

its synergistic effect in reducing the time required to kill insects (Haristos Victoria and al., 2006, 

Damcevski et al., 2009, Dojchinov G. and al., 2010).  

This paper presents the results of dynamic studies on gaseous mixture consisting of ethyl 

formate (EF) and carbon dioxide (CO2) in different doses to achieve the most effective recipe for 

composition of FE and CO2 gas introduced into the pest control of warehouses. 

MATERIAL AND METHOD 

Device for testing gas compositions to protect grain stored in closed silos (Fig. 1), (submitted 

patent nr. A/01289/2011) was used to evaluate the efficacy of the Ethyl Formate (EF) and CO2 

mixture against the main pests of the stored grains. It consists of one cylindrical chamber with a 

height of 160 cm and diameter 25 cm, which are connected air flow meter, an air pump, an evaporator 

cartridge and three double cages for insects. 
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Devise was filled with 50 kg wheat. Using CO2 cylinder it was introduced into wheat 20 l gas, 

and then all dosages tested, respectively 3.0 ml, 4.0 ml, 5.0 ml, 6.0 ml and 7.3 ml of EF, pumped in 

mass of wheat for 3 hours at a rate of 10 l/min, were placed on. Insect cages (300 adults and 150 

larvae of Tribolium castaneum) were placed into the silo before experiments on the 3 levels (top, 

middle, and bottom).  

Because the density of ethyl formate vapor is higher than that of CO2, it is recommended that 

the mixture gas recirculation system will achieve a full cycle in five minutes. 

After 3 hours the insects were removed and mortality was evaluated successively at 24 hours, 

48 hours and 72 hours after exposure. 

Statistical processing of the results was performed using BIOSTAT 2009 program. 

RESULTS AND DISCUSSIONS 

The results obtained in the Research Development Institute for Plant Protection (RDIPP) 

laboratory (static study), the use of gas compositions in protecting stored agricultural products have 

shown good efficacy of ethyl formate mixture of carbon dioxide (Sonica Drosu and al., 2011). 

Dynamic study were initiated using the device for testing gas compositions to protect grain stored in 

closed silos, made by RDIPP team (submitted patent nr. A/01289/2011).  

Mortality values recorded after specified in method time intervals (24, 48 and 72 hours after 

exposure) showed no significant differences. For statistical analyzing were chosen the values recorded 

after 72 hours of exposure. Probit analysis results with coefficient α = 0.05, are shown in Fig. 2 and 

Fig. 3 graphs. 

Statistical analysis of the results was found that larval lethal doses are in the range of 3.5425-

5.6938 ml/50 kg wheat and adults lethal doses between 0.4249-4.5613 ml/50 kg wheat (Table 1). 

The results show that larvae are more resistant to treatment with ethyl formate (LD 100 = 

5.6938) compared with adults (LD 100 = 4.5613). Because in the mass of wheat there are 

simultaneously both larvae and adults to control they it is recommended to use EF dose of 5.7 ml/50 

kg wheat, with a period for 3 hours exposure to gas mixture, in order to avoid prolonged exposure, 

which would lead to an unwanted accumulation in grains. 

 

CONCLUSSIONS 

 Dynamic study were initiated using the device for testing gas compositions to protect grain 

stored in closed silos; 

 It is recommended to use ethyl formate dose of 5.7 ml/50 kg wheat+20 l CO2, with a period 

for 3 hours exposure to gas mixture; 

 Larval lethal doses are in the range of 3.5425-5.6938 ml/50 kg wheat and adults lethal doses 

between 0.4249-4.5613 ml/50 kg wheat; 

 Larvae are more resistant to treatment with ethyl formate (LD 100 = 5.6938) compared with 

adults (LD 100 = 4.5613). 
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Fig.1 Device for testing gas compositions to protect grain stored in closed silos 

1- Cylindrical chamber filled with cereal 2- Insect cages 3- Flowmeter 4-Air pump 5- Evaporator cartridge 

 6- CO2 gas cylinder 
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Fig. 2 Regression curve of Tribolium castaneum larvae mortality 

 

 

 

Fig. 3 Regression curve of Tribolium castaneum adults mortality 
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Table 1  

Lethal doses of Ethyl Formate for Tribolium castaneum control 

 

Lethal doses (LD) 

ml EF/50 kg wheat 

Adults 

Tribolium castaneum 

Larvae 

Tribolium castaneum 

LD 10 0.4249 3.5425 

LD 16 0.8438 3.7604 

LD  50 2.3308 4.5338 

LD  84 3.8178 5.3072 

LD  90 4.2368 5.525 

 LD  100 4.5613 5.6938 


