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Summary
This project aimed to discover simple, safe economical mixtures of volatile chemicals with the fumigants phosphine#, 
carbonyl sulfide# or ethyl formate# that had significantly enhanced toxicity towards stored product insects. Another aim was 
to provide information that contributes to registration of alternative fumigants, by providing information on the mechanisms 
of toxicity of fumigants to insects. These aims are compatible with the GRDC's investment objectives of increasing the 
profitability of grain for growers by ensuring continued grain quality for discriminating buyers through low residue, effective 
fumigation.

Report Disclaimer
This document has been prepared in good faith on the basis of information available at the date of publication without any 
independent verification. Grains Research & Development Corporation (GRDC) does not guarantee or warrant the accuracy, 
reliability, completeness or currency of the information in this publication nor its usefulness in achieving any purpose. 
Readers are responsible for assessing the relevance and accuracy of the content of this publication. GRDC will not be liable for 
any loss, damage, cost or expense incurred or arising by reason of any person using or relying on information in this 
publication. Products may be identified by proprietary or trade names to help readers identify particular types of products 
but this is not, and is not intended to be, an endorsement or recommendation of any product or manufacturer referred to. 
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Other products may perform as well or better than those specifically referred to. Check www.apvma.gov.au and select 
product registrations listed in PUBCRIS for current information relating to product registration.

Copyright
Grains Research and Development Corporation. This publication is copyright. Apart from any use as permitted under the 
Copyright Act 1968, no part may be reproduced in any form without written permission from the GRDC.

Old or Archival Reports (Projects that concluded in 2007 or earlier)
The information contained in these older reports is now several years old, and may have been wholly or partially superseded 
or built upon in subsequent work funded by GRDC or others. Readers should be aware that more recent research may be 
more useful for their needs. Findings related to agricultural chemical use are also potentially out of date and are not to be 
taken as a recommendation for their use.

Conclusions
Of a wide number of gaseous or volatile chemicals to select from, few are suitable for combining with the fumigants ethyl 
formate#, phosphine# or carbonyl sulfide# to increase the potency of the fumigant. The choices are limited by chemical 
incompatibility, potential for grain damage and complexities of agricultural chemical registration.

However, it was discovered that carbon dioxide enhanced the toxicity of ethyl formate markedly towards stored product 
insects. Low oxygen atmospheres (2%) were also highly effective in increasing toxicity of all three fumigants. The increased 
effectiveness was seen mostly towards adult insects and some juvenile stages, but not against all stages of insects that 
develop internally in grain.

The toxicity of ethyl formate towards insects is due to formate portion inhibiting energy production in mitochondria (the 
powerhouse of the cell in all tissues) of insects. When ethyl formate enters the body of an insect, it is broken up into ethanol 
and formate which then inhibits energy production.

Recommendations
It is recommended that the ethyl formate# and carbon dioxide mixture be pursued as a grain treatment for farm storages 
because of its enhanced effectiveness over ethyl formate alone, the lower amount of fumigant required which in turn means 
lower residues and shorter withholding periods. The flammability risk of ethyl formate is also considerably lower in the 
presence of carbon dioxide.

Outcomes
Economic Outcomes

Economic outcomes will not flow directly from this project but it has set a base on which to build a new on-farm treatment 
strategy which will offer a choice to growers in the future.

Environmental Outcomes

The success of carbon dioxide and ethyl formate# in the laboratory, if it extends to field trials, will mean on-farm grain storers 
will have more choice beyond protectants and phosphine#. As ethyl formate is broken down to natural products and leaves 
no residue, it will mean less chemical impact on the environment.

Social Outcomes

Generally, ethyl formate is less harmful to people than the chemicals that are currently used to control stored product insects. 
When the withholding period for ethyl formate treatment is observed, it degrades to natural products leaving no residues 
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above those occurring naturally. These characteristics have health benefits for consumers and users.

Other research
Fast fumigation with phosphine# or carbonyl sulfide# (without killing all insect stages) could be feasible by combining the 
fumigant with low oxygen atmosphere.
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