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ABSTRACT
Ethyl formate and carbonyl sulfide are potential stored-product fumigants. They are
present naturally in the atmosphere, plants and soil. Natural levels of ethyl formate
and carbonyl sulfide in newly harvested grain and stored wheat, barley, oats and canola
are reported in this paper. Levels of ethyl formate and carbonyl sulfide in grains varied
with the commodity, temperature, moisture content and the period of storage. The
values ranged from 0.5 - 2 mg kg-1 for ethyl formate and 0.02 - 1 mg kg-1 for carbonyl
sulfide. Ethyl formate and carbonyl sulfide were naturally present in grains at harvest,
increased during the first 4-5 months of storage, and then began to decline, particularly
at grain temperatures greater than 20°C and moisture contents greater than 9.5%.
Regulatory authorities should consider these natural levels of ethyl formate and
carbonyl sulfide when establishing Maximum Residue Limits (MRL) for these
fumigants.

INTRODUCTION
Ethyl formate (EtF) has a long history of use as a fumigant for dried fruit
(Simmons and Fisher 1945; Vincent and Lindgren 1972; Banks and Hilton
1997) and other stored-products (Cotton and Roark 1928; Roark and Cotton
1929). Ethyl formate has been re-evaluated by Desmarchelier et al., (1998) as an
alternative to methyl bromide (MB) for stored grain. Carbonyl sulfide (COS) is
regarded as one of the new potential alternative fumigants to replace MB (Banks
et al. 1993; Catley 1993).

Natural levels of EtF in a range of products, such as vegetable, stored grain,
and animal products, have been reviewed by Desmarchelier (1999). For example,
EtF as a naturally occurring volatile is present in the following products:

0.15 mg kg-1 in milk (Kami and Ohsaki 1986);
1.3 mg kg-1 in cheese (Collin et al. 1993);
0.3 mg kg-1 in wheat and 0.03-0.7 mg kg-1 in wheat germ (Desmarchelier
et!al., 1998);
0.2-1.0 mg kg-1 in barley (Desmarchelier et al., 1999); and
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0.9-10 mg kg-1 in barley products such as beer (Ginova 1984; Bohmann
1985).
Similarly, many natural sources of COS have been identified, including

oceans, soils, volcanoes and marshes (Khalil and Rasmussen 1984; Brown et al.,
1986; Adams et al., 1981). Therefore, COS is naturally present in the
atmosphere, in water, soil, and plants, as well as many raw and processed
foodstuffs, including cereals and oilseeds. The natural levels of COS in grains
and oilseeds was found to be 0.02-0.07 mg kg-1 (Ren 1997; Desmarchelier et!al.,
1998; Ren et al., in press). However, there is little information on the effect of
temperature, moisture content, variety and the period of storage on natural levels
of EtF and COS in stored grain. As part of a study to evaluate EtF and COS as
grain fumigants, information about the natural occurrence of the fumigants in
stored products is relevant to the establishment of Maximum Residue Limits
(MRL) and to the acceptance of EtF and COS as fumigants of stored products.

In this report we have evaluated the effect of temperature, moisture content,
commodity and the period of storage on the natural levels of COS and EtF in
Australian wheat, barley, oat and canola. Selection of the grains was based on the
fact that, wheat is the major cereal grain in Australia, and barley because it is the
second major cereal grain, where quality is especially important to the brewing
industry. Oat was selected because its composition is different from other cereals,
with a lipid content of 5.5-6.5%, which is 2-3 times higher than that of wheat,
barley or rye, and a fibre content of 11-12%, 2-4 times higher than in most
cereals (Pomeranz 1987). Canola was selected due to it being the principal
oilseed in Australia.

MATERIALS AND METHODS
Preparation of the commodities
Four Australian representative grains (wheat, oats, barley and canola) were used.
They were collected by hand, prior to harvesting to exclude any possible
contamination. All commodities (1.5 kg) were placed into sealed jars (2 L), and a
varying amount of distilled water was added to the jars to adjust the moisture
content (m.c.). They were allowed to equilibrate for 2 weeks at three different
temperatures, 15±1°C, 25±2°C and 35±2°C, and the m.c.'s (wet basis) were
measured following the procedures of the International Standard (ISO R 712-
1968). The following m.c.'s were obtained;

11.9%, 12.9% and 13.9% for wheat
12.1%, 13.0% and 14.9% for barley
10.8%, 12.5% and 13.4% for oats
5.1%, 6.7% and 7.9% for canola.

Reagents and apparatus
A cylinder of compressed COS gas was purchased from Matheson Gas

Company, USA, via BOC, Australia. All the reagents used were analytical grade.
Acetone was supplied by Biolab Scientific, Clayton, Victoria, Australia. Ethyl
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formate was supplied by Tech Ajax, Sydney, Australia. All other chemicals were
obtained from BDH AnalaR, England.

Extractions were carried out in 250 mL Erlenmeyer flasks with a ground-glass
joint (Crown Scientific, N.S.W, Australia, Cat. No. FE250/3) fitted with a Quik Fit
stopper containing a half hole septa (Alltech Associates, P/N 6526).

Determination of natural levels of COS and EtF
Carbonyl sulfide was determined on a Shimadzu GC6AM GC (Shimadzu

Seisakusho, Kyoto, Japan), equipped with a flame photometric detector (FPD).
Separation was achieved on a 1 m x 3 mm (i.d.) glass column packed with
HayeSep Q (Alltech Associates, Cat. No. 2801) at 140°C and carrier flow (N2) of
40 mL min-1 at 0.8 psi. Concentrations of ETF were determined using a Varian
Star 3600 CX series (Varian Associates, lnc., USA), equipped with a flame
ionisation detector (FID), after separation on a 30 m ¥ 0.53 mm (i.d.) megabore
capillary column DB FFAP (J & W 125-3212) at an oven temperature of 70oC.

The natural levels of COS and EtF were determined by analysis of the
headspace over the commodity plus the extraction solvent, following the
procedure described by Desmarchelier et al., (1998). For analysis of COS, the
commodities (50 g) were extracted in sealed flasks (250 mL) with 50 mL of
acidified aqueous acetone (H3PO4+water+acetone, 1:2.2:12.5, v/v/v) solution for
10 h. For analysis of EtF, the commodities (50 g) were extracted in sealed flasks
(250 mL) with 70 mL of ammonium nitrate (70%, w/v) solution for 24 h. An
aliquot of the headspace (50 mL) was injected directly into the GC, and the levels
of COS or EtF were calculated on the basis of peak areas. Periodically, the peak
areas were calibrated using a spiked standard. The data recorded in the figures
are the mean of duplicate samples.

Preparation of the gas standards, and the fortified samples
A dilute gas was prepared by injecting a measured volume of the concentrated

gaseous COS or the liquid ETF into a flask (1 L) containing five glass beads (2-3
mm o.d.). After mixing, the diluted gas was used to prepare both the fortified
samples and the gas standards. The spiked samples, carried out in duplicate, were
prepared by injecting a measured volume of the diluted gas into a sealed flask
containing the commodity plus the extraction solution. For the Gas
Chromatograph analysis of COS, complete elution of solvent or solvent vapour
was required before further injection, so a minimum interval of 10 min was kept
between injections.

RESULTS
Natural levels of carbonyl sulfide in the commodities
Carbonyl sulfide was found to be naturally present in Australian wheat, barley,
oats and canola during the 9-10 months of storage, but levels varied with
commodity, moisture content, temperature and the period of storage (Fig. 1).
The levels of COS were greater at higher m.c.'s and high grain temperatures. The
values ranged from 0.005 mg kg-1 to 0.500 mg kg-1 of COS in all the tested cereal
grains and canola (Fig. 1). Carbonyl sulfide occurred naturally in all the newly
harvested grains, eg. 0.005 - 0.040 mg kg-1 in wheat, barley and oats; 0.010 -
0.500 mg kg-1 in canola. In wheat and canola concentrations increased 3-10
times during the 5-7 months of storage, and then began to decline, particularly,
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when the grain temperature and m.c. were rising. Carbonyl sulfide in oats
increased during the first 3 months of storage, and then declined slightly.
However, in canola COS levels increased during 9 months of experimental
storage, except in the samples with the highest m.c. (7.9%) or the highest grain
temperature of 35oC. In both cases COS declined after 6 months of storage
(Fig.!1).

Natural levels of ethyl formate in the commodities
Ethyl formate was found to be naturally present in Australian wheat, barley, oats
and canola during the 10 months of storage. Levels varied with the commodity,
temperature of storage, m.c. and the period of storage (Fig. 2). The values
ranged from 0.1 - 0.6 mg kg-1 of EtF in all the tested grain samples. As with COS,
EtF also occurred naturally in the newly harvested grain, e.g. 0.1-0.4 mg kg-1 in
wheat, barley and oats; and 0.2-0.4 mg kg-1 in canola. Ethyl formate in canola
and oats increased 2-5 times during the first 7 months of storage, and then began
to decline, particularly, when grain temperature and m.c. were rising. At 15°C
grain temperature and low m.c., such as 5.1% m.c. in canola or 10.8% m.c. in
oats, the background levels of EtF in canola and oats had no significant change
during the 10 months storage. (Fig. 2). However, at the same temperature in
wheat and barley, the EtF background levels did increase during the 3-9 months
of storage. At a m.c. of 11.9-12.9% for wheat and 10.8% for barley, and at 25°C
grain temperature, the EtF background levels also increased during the first 3
months of storage, but then declined (Fig. 2). However, in both wheat and barley,
when the grain temperature was higher, such as at 25°C and 35°C, the EtF
background levels decreased from the first month of storage, even with a low
m.c. (Fig. 2).

DISCUSSION
Natural levels of COS in the commodities
Since COS was found to be present in newly harvested grains, it has been
demonstrated that it occurs naturally during plant growth. It could be formed by
two ways:
 (i) Adsorption during growth: It has been observed that there are large amount
of COS in emissions from vegetation and soil (Bremner and Banwart 1976;
Crutzen 1983; Brown et al. 1986; Kluczewski et al. 1985) and it is much greater
from areas of high biological productivity (Adams et al. 1981; Khalil and
Rasmussen 1984). Emission of COS increased with the application of organic
manure and was positively correlated with the total sulfur content in the soil
(Yang et al., 1998).
(ii) Enzymatic synthesis or biological hydrolysis (Brown et al., 1986; Taylor et
al. 1983; Schildknecht and Rauch 1962; Sze and Ko 1979: Ren 1999).

Carbonyl sulfide is continually present in all stored commodities, increasing
during the first 3-9 months of storage. This probably results from metabolism
and the activity of microorganisms in the grain, since the rate of increase of COS
was dependent on the grain temperature and m.c. These results are consistent
with those reported for naturally occurring COS present during the malting and
the brewing processes (Anness and Bam forth  198 2). The levels of COS formed
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The period of storage (months)

Fig. 1. Natural occurrence of carbonyl sulfide in barley, canola, oats and wheat, at different
temperature, moisture content and period of storage (æOæ, at 15°C; æ�æ, at 25°C; æDæ, at
35°C).
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The period of storage (months)

Fig. 1. (continued) Natural occurrence of carbonyl sulfide in barley, canola, oats and wheat, at
different temperature, moisture content and period of storage (æOæ, at 15°C; æ�æ, at 25°C;
æDæ, at 35°C).
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The period of storage (months)

Fig. 2. Natural occurrence of ethyl formate in wheat, barley, oats and canola, at different
temperature, moisture content and period of storage (æOæ, at 15°C; æ�æ, at 25°C;
æDæ, at 35°C).
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The period of storage (months)

Fig. 2. (continued) Natural occurrence of ethyl formate in wheat, barley, oats and canola, at
different temperature, moisture content and period of storage (æOæ, at 15°C; æ�æ, at
25°C; æDæ, at 35°C).
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barley, 0.005 - 0.030 mg kg-1 in oats, and 0.02 - 0.60 mg kg-1 in canola (Ren et
al. in press; Desmarchelier 1999; Desmarchelier et al. 1998; Ren 1997).

Natural levels of EtF in the commodities
The presence of EtF in newly harvested grains demonstrated that EtF occurs
naturally during plant growth. The effect of moisture content on the natural
levels of EtF is associated with the grain temperature, which indicates that
naturally occurring EtF is a product of metabolism in commodities and
microorganisms. The results are consistent with the natural levels of EtF in barley
reported by Desmarchelier et al. (1999), who found that levels decreased from
1.0 mg kg-1 to 0.2 mg kg-1 under high temperature storage conditions. The
results are also consistent with naturally occurring EtF found in micro-organisms,
such as Penicillium italicum and P. digitatum, which are reported to have
increased with increasing m.c. and temperature (Yuen et al., 1995). In fact, if no
EtF is found in the commodities at high m.c. and high temperature, this is due to
its break down to ethanol and formic acid. Yuen et al. (1995) have pointed out
that EtF may have antimicrobial properties when concentrations of natural levels
of EtF are high and exposure time is long. That is, the production of further EtF
in microorganisms can be inhibited by the presence of EtF. This may provide an
explanation for the decline of EtF levels after a period of storage, particularly,
when grain temperature and/or m.c. are high.

CONCLUSIONS
Carbonyl sulfide and EtF occur naturally in stored grains at harvest and during
periods of storage. They are formed during growth in the field and also might be
formed during storage from the metabolism of the commodity and its
microorganisms. This indicates that levels of COS or EtF should not be of
concern with respect to the quality of the grain. This is a pleasing result from the
point of view of the effect of any residual levels of COS or EtF, left after use as a
fumigant on the quality of food-products and the environment. Therefore, these
natural levels of COS or EtF should be considered by regulatory authorities when
establishing Maximum Residue Limits (MRL) for these fumigants.
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