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ABSTRACT

A fumigant, comprising cyanogen (C,N,) (as herein
defined), provides a viable alternative to conventional
fumigants such as methyl bromide, phosphine and carbonyl
sulphide. Experiments have shown that cyanogen (C,N,) can be
used as such a fumigant, in the control of a range of biora
including insects, mites, nematodes, fungi and their spores,
viruses, spiders, bacteria, moulds and rodents. It is also
suitable for use on a variety of commodities, including
grain, seeds, meats, fruit, vegetables, timber, plants, cut
flowers and soil. It is shown that an efficacious
concentration of cyanogen (C;N,) as a fumigant leaves a very
low residue and can be readily flushed from commodities. 1In
particular, it has been observed that a mixture of cyanogen
(C,N,) and carbon dioxide have'a synergistic effect, when
applied to various biora. Throughout the specification, it
should be noted that the term "cyanogen" is defined as the
gas (at STP) cyanogén, (C;N,), essentially free from hydrogen
cyanide and other cyanogenic compounds (that is, compounds
that give rise to hydrogen cyanide). Cyanogen, which has
also been termed dicyan and oxalonitrile, as a fumigant, may
be shown as (CN),, (C,N,) or NC-CN.
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FUMIGATION USING CYANOGEN
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CYANOGEN FUMIGANTS AND METHODS OF

5 TECHNICAL FIELD
This invention concerns fumigants. More particularly, 1t concerns and fumigants as gas.
or in solution which include the cvanogen (C.N,). and methods of fumigation using such
gaseous and dissolved fumigants

10

BACKGROUND TO THE INVENTION

Fumigants are widely used for the disinfestation. and protecuion against infestation. that
is usually required to protect particulate commodities (such as grain) and other stored
produce (including durable and perishable foodstuffs), porous bulk materials (for example.
15 soil or timber) and spaces (tvpically. empty buildings). An ideal fumigant should be toxic
to insects. mites, nematodes. bacteria. fungi and their spores, viruses and moulds and
other pest biota. It should be eftective in low concentrations. It should ideally have a low
absorption by materials in the funngated region. It should have a low mammalian chronic
toxicity and leave either no residue or an inert residue. In addition. the ideal fumigant

20 should present no difficulties as far as safe handling 1s concerned. and 1t should not

adversely affect the commodity or space that is being fumigated.

No fumigant meets all of these "ideal” criteria. The two fumigants most commonly used

11 the fumigation of grain. other particulate matenals. fruit and timber are phdsphine and

|
(I

methvl bromide. although carbonvl sulphide has recently been proposed as an alternative
to these fumigants (see the specification of international patent apphcauon No

PCT/AU93/00018. which is WIPO Publication No 95/13659).

Phosphine is the preferred fumigant for grain stores and the like because 1t 1s effecuve
30 against grain pests and leaves little residue (which 1s essentially a harmless phosphate).
[However. phosphine is spontancously combustible when 1ts concentration exceeds a
relativelv tow value. and i1s unable to kill all stages of insects in a short period when used

at acceptable concentrations.
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Methyl bromide is more toxic to grain pests than phosphine when used for short periods of
fumigation, but phosphine is more toxic to gram pests when long term fumgation 1s eflected.
Methyl bromide has a lower flammability than phosphine, but recent work has shown that
methyl bromide depletes the ozone layer Thus the use of methyl bromide as a tumigant 1s

currently being phased out, following the Montreal protocol.

Carbonyl sulphide is currently undergoing extensive testing, and has not yet been approved
for use as a fumigant, despite some clear advantages over both methyl bromide and
phosphine. Other fumigants that have been used against grain pests include acrylonitrile,
carbon disulphide, carbon tetrachloride, chloropicrin, ethylene dibromide, ethylene dichloride,
ethylene oxide, hydrogen cyanide and sulphuryl fluoride. It will be noted that a halogen 1s
present in many of these "conventional” fumigants, none of which has the "ideal” fumigant

properties.

For many years, there has been a constant seeking of new fumigants and there is no doubt

that the quest for improved funigants will continue

SUMMARY OF THE INVENTION

The present invention seeks to provide a new fumigant that has properties which make it a
viable alternative to the conventional fumigants, particularly in the control of insects, mites,

nematodes, fungi and their spores, bacteria, viruses, moulds and other pest biota.

In one broad form, the present invention provides a fumigant comprising cyanogen (C,N,)
(as herein defined), in solution or in association with a carrier gas, wherein the

concentration of cyanogen is in the range from 0.01 mg L' to to about 160 mg L.

Preferably, the carrier gas is an insert gas and also preferably the carrier gas has a low oxygen

concentration.

In a preferred embodiment of the invention the carrier gas includes carbon dioxide.

According to a still further embodiment of the invention the fumigant is in solution, preferably

an aqueous solution
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In a further broad form, the present invention provides a method of fumigation, comprising
applying cyanogen (C,N, - as herein defined) in the gaseous form to a commodity and/or
structure, wherein the concentration of cyanogen is 1n the range from 0.01 mg L' to to about
160 mg L', or applying cyanogen in an aqueous solution to a commodity and/or structure,
such that the cyanogen concentration, if averaged over the volume of the enclosure and or

structure, would be in the range from 0.01 g L' to to about 160 mg L.°

In a preferred form, said commodity includes grain, seed, meat, fruit, vegetables, timber,

plants, cut flowers, and soil.

Preferably, said commodity includes, a silo, or like structure containing bulk grain (such as
wheat) or the hike, and a room, premises, apphance or the like, for dental, medical and/or

veterinary applications.

In a preferred embodiment, said fumigant is able to control one or more of a range of biota,
including viruses, insects, spiders, mites, nematodes, bacteria, moulds, fungt and their spores

and rodents.

In another embodiment of the invention, said fumigant comprises, and/or 1s applied in an

environment contaiing, carbon dioxide (C0),).

Preferably, the humidity and/or pressure within an environment within which said fumgant
is applied is adjusted to control the characteristics (e.g. increased toxicity and/or synergistic

effects) of said fumigant

In various preferred forms, said fumigation includes low flow gaseous fumigation, low
pressure gaseous fumigation, high pressure gaseous fumigation, spraying of a fumigant as

a gas, or in solution, and/or, soaking of a commodity i a fumigant as a gas, or in solution.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood from the following detailed
description of preferred but non-limiting embodiments thereof described hereinafter In
connection with various examples outlining experimental procedures by the inventors, n

connection with the accompanymg drawings, wherein:
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FIGS. 1 and 2 show graphical results of the analysis of C,N, in the gaseous phase and
in liquids;

FIGS. 3 to 7 graphically illustrate the results of various procedures for removing
C,N, from gas streams;

FIGS. 8 and 9 illustrate the results of procedures to remove C,N, from air or liquids,
by methods other than venting or removal;

FIGS. 10(a) and (b) illustrate C,N, sorption on wheat;

FIGS. 11, 12 and 13(a) to (d) illustrate the effects of wheat treated with C,N,;

FIGS. 14(a) to (c) show the toxicity of C,N, to moulds present in wheat grains;

FIGS. 15 to 17 show the movement of C,N, through water;

FIGS. 18 to 23 1llustrate the rates of sorption of C,N, in wheat;

FIG. 24 graphically shows measured concentrations of C,N, in water;

FIGS. 25 and 26 show the residue amounts of C,N, in wheat to which tumigant had
been added immediately before extraction, when added as a liquid and as a gas;

FIG. 27 shows the movement of C,N, and other gases through a column of wheat;

FIGS. 28 to 30 show toxicity results of C,N, to two species of Coleoptera;

FIGS. 31 to 36 illustrate the stability and phase equilibrium of C,N, 1n various
solvents;

FIGS. 37 to 41 show the sorption of C,N, by timber, compared with sorption of
MeBr:;

FIGS. 42 to 44 show the toxicity of C,N, to three species of dry wood termites;

FIG. 45 illustrates the sorption of C,N, by cut flowers;

FIG. 46 shows a fumigation apparatus used in measuring the etfect of high and low
presSure on the toxicity of C,N, on insects; and

FIG. 47 illustrates the systemic transport ot C,N, from the soil to the headspace of
test plants.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

It should be noted that in this specification and claims, when referring to the present

invention, the term "cyanogen" 1s defined as a gas (when at STP) or a solution of cyanogen,
C,N,, essentially free from hydrogen cyanide and other cyanogenic compounds (that is,
compounds that give rise to hydrogen cyanide). Thus the cyanogen of the present invention
is cyanogen as commercially prepared or purchased, without the presence of appreciable
quantities of other chemicals, such as cyanogen chloride or hydrogen cyanide.

However, it is also possible that other chemical species which can liberate cyanogen

can be utilized in place of, or in conjunction with cyanogen, in fumigation applications.
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Cvanogen. which has also becen termed dicvan and oxalonitrile. as a fumipant. may be
shown as (CN),. C,N, or NC-CN. Cyanogen occurs naturally in the atmosphere. beine
produced by plants and by the action of lightming. 1t 1s also present in other galaxies. and
Its spectral lines have been used in red-shift determinations to estumate the relative

velocities of galaxies.

When reviewing the prior art, the present inventors were aware of a problem in the
terminology used in older scientific papers and patent specifications. This problem 1s that.
in the older scientific hiterature, any compound that ts able to produce hydrogen cvanide
(including those compounds which react with non-cvanogenic materials to produce
hvdrogen cyanide) was called a "cvanogen”. whereas the compound that is called
cvanogen today was termed "dicyanogen” or "dicvan”. Any reviewer of the prior art in

this field needs to be aware of this ambiguity of the older terminology.

Cvanogen has a substantial acute toxicity to humans and other warm-blooded animals but
its chronic toxicity 1s insignificant (that 1s, small doses, mgested over a period of nme.
are not cumulative). In their paper entitled "The synthesis and chemistry of cyanogen”.
published in Chemical Reviews, Volume 59, pages 841 to 883, 1959, T K Brotherton and

J W Lvnn (referring to earhier work by A B Elkins) state:

"Cvanogen Is extremely poisonous. having a toxicity comparable to that of hvdrogen

cvanide. The maximum allowable vapor concentration 1s 10 parts per million.”

In about 1913. J L Burckhardt. reporting the toxicity of cvanogen. concluded that (1) only
doses of less than 0.1 mg of (CN ), per htre of air can be considered harmless for cats:
(1) 0.2 mg of (CN), per litre is tatal to cats in a few hours: but (1) rabbits can tolerate

0.4 mg per litre well. their fatal dose being between 0.6 and 0.8 mg of (CN), per litre

In the specification of US patent No 1.399.829. dated 15 December 1921, J W Van Meter
states that cvanogen. chlorine and arsenical gases "have all been used separatelv with
more or less success as fumigating agents, germicides. disinfectants. deodorizers and for
the extermination of insects and animals”. However. Van Meter provided no support for
this statement. and the present inventors have located no prior reference (or a more recent
reterence) that would show the veracity of Van Meter s statement. Van Meter does state

in the specification of US patent No 1.399.829 that "C'vanogen gas s a deadly potson to
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aphis and larva affecting citrus and other orchard trees . 1t1s not injurnious to the foliage
L His invsenlion. in fact, was a "combination or mixture of the above named gases’™
Although Van Meter asserted that he was able to pass a himited amount of chlorine
through a potassium cyanide solution contanmng iron “to hberate the cyvanogen”. he
observed that this gas is "lighter than air”. showing that. in fact, he had produced a gas

which was rich in hydrogen cyanide, for cvanogen 1s denser than air.

British patent No 237,344, dated 24 Apnl 1924, 1s entitled "Cyanogen fumigants”. The
specification of that patent describes the use of hvdrogen cyamde (HCN) and other
cyanide derivatives, distributed over kieselguhr or other porous carners, with sulphuric
acid or oxalic acid added to prevent decomposition of the cyanides. Cyanogen itself.

however. is not included in the "cvanogen funugants™ hsted 1n the specification of UK

patent No 237.344.

It is also noted that in the aforementioned paper by T K Brotherton and J W Lynn. there

is no reference to a fumigant potential for cvanogen.

Despite extensive investigation of the prior art. the present inventors have discovered no
prior example of the use of cyanogen as a tumigant. It is believed that cyanogen s
properties in regard to stability (it has been asserted that ',N, decomposes readily in the
nresence of water) and toxicity has led to a behef that cyanogen is inherently unsuitable

for use as a fumigant.

The present inventors have ascertained that this behef 1s unfounded. and that cyanogen.
provided it i1s handled with due care. can be used i gases and solutions to provide

fumigants which have significant advantages over currently preferred fumigants. In

particular,

(a) cvanogen can be mixed with other gases ftor gaseous fumigation. and 1if the
fumigant carrier 15 air or another oxvegen-rich gas. there 1s no risk of explosion
provided the concentration of C,N, is less than 6.6 per cent. and even at
concentrations of higher than 6.6 per cent. a spark or flame 1s required to cause

ienition of the oxygen/cyanogen mixture:
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cvanogen 1s soluble 1 water (and other solutuons) and can be applied to o
commodity or to a structure 1in low aqueous concentration by spraving or simpls

by pouring the solution on 1o the commodity or structure;

while cyanogen 1s absorbed quite readily into grain. other particulates or stored
foodstuffs, it can ideally be used for rapid fumigaton of bulk grain and the like
either by use of cyanogen as gas with a significant level of CO, (which reduces
absorption) as carrier or use of a high concentration cvanogen fumigant either

spraved or passed through the grain at a rapid flow rate;

it has been shown that fumigation of wheat and other seeds using an efficacious

concentration of cyanogen {or the fumigation has no effect on the germination rate

of the wheat or other seeds (but 1t should be noted that when the concentration of

cvanogen 1s 180 mg per litre or higher. the fumigant-containing gas acts as a

herbicide, which can inhibit germination of some seeds);

cvanogen leaves a very low residue on commodities as it is rapidly degraded with
conversion to cyanide not the dominant pathway. 1n contrast to experience with

the use of fumigants which contain hydrogen cyanide. which leave significant

residues:

cvanogen can be flushed from a particulate commodity at the end of a period of

fumigation by passing an airstream through the particulate commodity:

cvanogen can be removed f{rom an airstream simply by cooling the airstream 1o
a temperature below the liquefaction point of cvanogen (which 1s -21.17°C at

STP):

cvanogen is able to control a range of biota. including insects. mites. fungt and

their spores, bacteria, viruses and rodents:

fumigation with cvanogen-containing fumigants enables long term storage of high

moisture grain without spoilage:

e s, [RETOL ) T SR W WY TT T RPN
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(1) cyanogen 1s svstemic n plants. and thus can be used svstemically 10 control

insects and plant diseases:

(k) cyanogen 1s acuive in both aqueous solution and as a gas, and i1s able to move
through water. thus enabling control ot bacteria. fungt and viruses in a range of
situations such as those found in medical. dental. scientific and veterinary

premises and the apparatus used in these applications: and.
(1) cyanogen 1s uscliul in the preservation of meat and of fruit and vegetables.

The present inventors have also discovered that a mixture of cyanogen and carbon dioxide
enhances the toxicity of cvanogen. There 1s currently no explanation for this observed
synergistic effect of mixing cvanogen with carbon dioxide. However. the present inventors
have hypothesised that the carbon dioxide increases the respiration rate of insects. and
other btota and this would increase the rate at which the cvanogen enters the pests’
respiratory svstems. This is, however, merely an unsubstantiated hypothesis and may or

may not be responsible for the observed synergistic effect.

Thus. according to the present invention, there 1s provided a fumigant which comprises
cvanogen and a carrier gas. the concentration of cyanogen being generallv in the range

of from 0.0l mg L' to 160 mg L.

The carrier gas may be an inert gas. The carrter gas will conveniently have a low oxvgen

concentration (for example. burner gas). Preferably, the carrier gas contains carbon

dioxide.

Also according to the present invention, there 1s provided a fumigating liquid comprising

cvanogen in an aqueous (or other hquid) solution.

The present invention also encompasses a method of tumigation which comprises:
applying a gaseous fumigant or a fumigant in solution in accordance with the present

invention to a commodity for the required period of furmigation.

The method of fumigation of this invention includes low flow gaseous fumigation, low

pressure gascous fumigation, high pressure gascous fumigation. spraving of a fumigant
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in solution. and soakinge of a commodity n a tumrgant i solution. This hist 15 not

exhaustive.

With low flow fumigation. air or another carrier gas containing a predeternined

concentration of cyanogen 1s passed slowlyv through a particulate commodity. in a manner

fJg

similar to the phosphine fumigation method that s described 1n the specifications ot

International patent applications Nos PCT/AU90/00268 and PCT/AU94/00324. The
concentration of cyanogen in the fumigant-containing gas depends on sorption and time
exposure but will preferably be in the range of from about 0.01 mg L' to about 5mg L™
10 As also noted above. the preferred carrier gas contains carbon dioxide, because the
enhanced toxicity of the combination of cvanogen and carbon dioxide enables a lower

concentration of cvanogen to be used. without sacrificing the efficacy of the fumigauon.

|.ow pressure fumigation of a stored commodity can be eflected with a gaseous cyanogen
|5 fumigant when the commodity is stored in an essentially gas-tight chamber. The chamber
is evacuated. or substantially evacuated, then the cvanogen-containing gas 1s introduced
into the chamber. This technique ensures that the cvanogen-containing gas 1s distributed
throughout the chamber. thus establishing a predetermined fumigation regime (based on
toxicological considerations) for the entire stored commodity. The inventors have
20 determined that in fow pressure fumigation, the fumigant can achieve the same toxic
endpoint as if it were present at STP (although exposure time may need to be varied).

thus minimising the amount of fumigant required to achieve a toxic effect.

Hich pressure fumigation of a stored commodity 1s also possible when the commodity 1s
D5 stored in an essentially gas-tight chamber. After the optional step of evacuating the
into the chamber until a predetermined over-pressure of the gas in the chamber has been
established. It the chamber is then sealed. fumigation of the commodity will be

maintained until the chamber 1s opened and the cvanogen-containing gas 1s flushed trom

S0 the chamber.

Insect pests in a stored commodity mayv be killed more quickly with high pressure
fumigation than when low-flow or fow-pressure gaseous fumigation 1s used. Since the

additional equipment required to establish high pressure fumigation makes this techmque
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more costhv to perform. it will be used mainiy tor the rapid disinfestation of high value

commodiues.

In each of the gaseous fumigation techniques descnibed above, 1t is possible to trap the
cvanogen that has been used for the fumigation erther by cooling the fumigant-containing
pas that leaves the vessel or chamber 1n which the fumigated commodity is stored. or by
chemical degradation or absorption of the cyanogen (which includes passing the

cyanogen-containing gas through a chemical - for example, an amine or an absorbent.

The solubility of cyanogen 1n water and a selection of other liquids 1s given 1n Table 2
of the aforementioned paper by Brotherton and Lynn. Liquid fumigation of commodities.
as noted above. can be effected by spraying the commodity with a hquid (usually water)
containing cvanogen tn a pre-determined low concentration (chosen in accordance with
toxicological considerations). Alternatively. the cyanogen-containing hiquid can be poured
onto the commodity to cover it or to trickle through i1t. The contact with the lLiquid
fumigant 1s maintained by constant or intermittent (but periodic) application of the liquid
fumigant to the commodity, thus maintaining the fumigation of the commodity for any
required period. At the end of the fumigation penod, the cyanogen-containing liquid can
be removed from the commodity bv (a) washung with water, followed (if necessary) by
dryving with a clean airstream, or (b) by flushing the commodity with a clean airstream.

which takes up both the carner hquid and the cyanogen of the hquid fumigant.

Cvanogen ts commercially available in cyvlinders of compressed C,N,. Such cylinders of
cvanogen can be used as the source of cyanogen for the gaseous and liquid fumigants of.
or used in. the present immvention. However. on-site generators of cyanogen may be used.
instead of commercial cvlinders of the gas. as the source of cyanogen. Examples of
on-site generators include (1) those which subject a mixture of nitrogen and carbon
dioxide to a carbon arc discharge, optionally with recycling the unreacted N, and CO.:
and (11) those in which a carbon filament 15 heated to about 2,200°C in an atmosphere of
nitrogen. Other alternative sources ol cvanogen include gas cyhinders containing a
compressed mixture of cvanogen and carbon dioxide and/or a low oxygen atmosphere.

and sorbent maternials which contain cvanogen that can be released when required.
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EXAMPLES

The 1inventors of the present invention have conducted numerous experiments to
demonstrate the efficacy of cyanogen (C,N,) as a fumigant. A number of these experiments

are detailed in the following Examples.

Example 1
Analysis of C,N, in the gaseous phase and in liquids

Aim: The aim was to determine C,N, concentrations in air.

Materials and Methods

C,N, was determined by gas-liquid chromatography, on a Varian™ 3300 gas
chromatograph, equipped with a thermionic specific detector, selective for nitrogen and
phosphorus. Columns used were megabore columns, of internal diameter 0.53 mm; either
DBwax (J & W 127-7012) at an 1sothermal temperature of 60°C or BP624 (SGE,
50QC5/BP624, at an 1sothermal temperature of 110°C.

Methodology for samples in air

Standards of gas, determined from a Gow-Mac™ gas density balance, were diluted
by injecting known volumes into 120 mL flasks, fitted with a Mininert valve, and containing
two glass beads. After mixing by shaking the flask and leaving for 1 h, aliquots (20 pL) were
injected into the gas chromatograph. The response was recorded and plotted against the

applied concentrations.

Methodology for samples in water, and other solvents

Water (10 mL) was pipetted into Erlenmeyer flasks of known capacity (typically 11.5
mL), which were then fitted with a Mininert valve. Known quantities of gas were injected,
with an air tight syringe, 1nto the water. The flask was allowed to stand for 1 h at 25°C.
Aliquots of the liquid (1 pL) and of the headspace gas (20 pL) were injected into the gas

chromatograph. The response was recorded and plotted against added concentrations.
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Results

A plot of peak area (arbitrary units) versus concentration of C,N, is shown in Figure
1 for the case of 30 pL injections and the DBwax column. The curve is linear over the range
0-35 mgL', but extrapolation of the curve to higher concentrations underestimates the
response. The signal to noise ratio at 20 pgL"' (approximately 10 ppm, V/V) was 240. Thus
the method is sufficiently sensitive to detect below the TLV value of 10 ppm, V/V (Sax, N.I.
& Lewis, R.J. (1989) Dangerous Properties of Industrial Materials. 7" Edition. Van Nostrand
Reinhold, Melbourne).

Aqueous solutions of C,N, also produced a linear response in the region tested, 0-8
mgL"', for the case of 1 WL injections onto DBwax (FIG. 2). In this situation, the water

chromatographed after the fumigant.

Summary

Measurement of C,N,, either in water or in air, presents no particular difficulties, and

it 1s possible to measure well below the TLV value.

Example 2
Efficacy of C,N, in Mixtures of Air and Carbon Dioxide

Aim: to determine whether C,N, 1s effective in mixtures containing carbon dioxide,

and whether carbon dioxide potentiates C,N,.

Materials and Methods

A mixture of carbon dioxide (40% V/V) and air was made up in a Tedlar bag, and
water (10 uL) added to compensate for the aridity of the carbon dioxide source. Insects were
connected to this source in Dreschel bottles, and the fumigation performed as discussed
under the flow-through technique.

In other experiments, 270 mL erlenmeyer flasks were flushed with 40% carbon
dioxide in air. The apparatus consisted of a quickfit connection, with a tap inlet for the
carbon dioxide air mix, and a glass outlet. After flushing, the tap was closed and the gas
outlet was fitted with a septum for injection of the fumigant C,N, and for sampling for
analysis of the fumigant. Moist filter paper was added to the side of the flasks. Assays were

also
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conducted 1 flasks with air. without added carbon dioxide. "All bioassav procedures of
dosing. temperature and interval betwecen dosing and assessment of mortalitv were
identical, with the only difference being the proporuon of carbon dioxide in the

atmosphere of the fumigation chamber..
The test insect was adult Rhvzopertha dominica (F ). strain CRD2.

Fumigant concentrations were determined on a Varnian 3300 Gas Chromatograph, equipped
with a Thermionic Specific detector, atter separation on a DBwax column, of internal

diameter 0.53mm.

Results

[n the flow through expertments. exposure for lh to C,N,. at 0.83mgL"". achieved 100%
mortality, both as assessed at the end of exposure and after a recovery period of 1 weeks
However, at lower doses apparent acute mortality was less than that 1 week later.

Exposure for 45min. resulted 1n a mortalitv of 5.4%.

In the static experiments. mortality after a holding period of 48h. after a 23h exposure to
0.125mgL ", was 97%. in the case of CQ,. versus 1%o. in the case of atr. For a 2h exposure
to 0.5mgLl ", monality was 80%., in the case of CO,, versus 2.5%. in the case of air. In
all cases. some nsects. after a recoverv period of 48h, were affected. and mortality after

2 weeks may be higher.

Discussion

C.N. can be applied in CO,. either in a flow through manner or under static conditions.
Svnergism with CO. has been demonstrated. Co-apphicaton with CO, has potential uses.
e¢ in method of storing in cylinders. in helping to mix n silos. in reducing fire hazard.
and 1n controlling the pH of water. in condittons where bacteria or moulds may be present

in water.
Svnergism from CO, at increased pressure is shown in Example 45,

Example 3

Analvsis of residues of C,IN, by sampling the headspace over ground grain

is 10y A AT SR el N B LAY by e 1 wooo
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Aim: to determine residucs of C.N i funngated wheat by a standard procedure and to

ascertain the amount of tumigant hkely to be released during malhing of wheat.

Materials and Methods

Austrahan standard white wheat was deliberately fumigated with a high dose of fumigant
bv adding 3ml. of fumigant to 25g of wheat 1in a 120ml. container, sealed with a Mininert
valve. The mitial calculated headspace concentration was 4% . V/V (40,000ppm, V/V). and
the fumigant was applied at the rate of 420p/g (420ppm . W/W). After storage for 10 days
at 30°C 1n a scaled container. wheat (20p) was unmediately lransl'cn'c.d o a sealed blender,
and ground for 20sec. The headspace gas (50ptl.) was injected into a Varian 3300 Gas
Chromatograph. equipped with a thermionic specific detector. and separated on a DBwax

column. of internal diameter 0.33min. | he response was compared with that of hvdrogen

cvanide and C,N,.

Results

Two peaks were observed on the chromatograph of the headspace from both fumigated
and control wheat. but netther was C,N,. The hmits of detection were such that the

residues in wheat were less than 6 x 10"''g/g on the grain

One of the peaks co-chromatographed with hvdrogen cvanide. Levels corresponded to. on

average. 5 x 10° g/g in control wheat and 5.6 x 10" g/g in fumigated wheat. The

difference between these two values was not significant

The peak that chomatographed before C,N, was not idenuified. other that to demonstrate
that 1t had a shorter retention time than phosphine. An educated guess 1s that this peak 1s
cvanic acid. If so. and assuming the same response to the detector as hvdrogen cvanide.

residues in both the control and fumigated wheat were between 2 x 10° g/g and 3 x 107

p'e

Discussion

The method used to test grain for residues of fumigant 15 widely used; the resulits
correspond 10 those reported 1in Example 20, That s, C.N. 15 rapidly broken down on
wheat in sealed containers. A residue less than 6 x 107" g:¢ from an application of 420

g/¢ represents an enormous loss. and this level of loss has never previously been

demonstrated tor any insecticide apphied to gram.
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The concentratton of both C.N. and of hyvdrogen evantde in a scaled container abose
ground grain was considerably less. in each case. than the TT NV value of 10 ppm. VoV
despite the very large amount of (',N, apphed. Thus flour millers will not be exposed o
unlawful levels of fumigant during the milling of wheat previously fumigated with C,N,

(sttbject to withholding periods to be determined by regulatory authorities).

Example 4
The efficacy of C,N, in mould control

Aim: to determine the efficacy of C,N, against moulds

Materials and Methods

wet wheat

Wheat was conditioned to 30% moisture content, W/W and placed in 270mL flasks. with
50g of wheat per flask. I'lasks. equipped with a septum inlet. were stored at 30°C. C,N,
was applied to flasks at doses of 0, 20, 40 and 80mgL"'. After 24h, the wheat was
removed from flasks and placed n sterile jars, which were covered with filter paper. Each

experiment was rephicated four times

Noulds present in the wheat were 1dentified by Dr. Ailsa Hockine. CSIRO Division of
Food Science and Technology. The % infection of gramns was 78% by Alternaria
infectoria, 17% by Alternaria alternata, 4% by Epicoccum nigrum and 1% each by

Dreschiera sp..Fusarium sp. and Pernicillium sp.

drv wheat

Wheat of 11.6% moisture content was fumigated as described in the previous section
Atter fumigation tor 24h. wheat was placed on nutrient Agar. and incubated at 23°C lor

7 dayvs.
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Results

wel wheat

Uy

Wheat in the control jars rapidly became mouldy, and the individual grains coalesced into
solid lumps. No visible mould was detected in any of the fumigated commodities.

Fumigated grain was kept for 4 weeks at 30°C without anv appearance of mould.

|10 drv_wheat

The wheat did not become mouldy. On plating on nutrient Agar. the control wheat became
mouldy. but no moulds were observed at doses of 20.40 and 80mgL™". Mould growth from

the dosage at 10mgL"' was observed, but it was less than in the control. The moulds

|

observed in the control wheat were Alternaria sp. and Penicillium sp.. which were present

before the fumigation. and were thus not artefacts of the procedure.

Discussion

Reference 1s made to bLxample 21. This Example and Example 21 are essentially
() replicates, by different scientists.

These results, coupled with completcly independent results from Example 21. indicates
that C.N. 1s highly effective in controlling moulds. The long period of protection given

by this fumigant indicates that 1t kills spores, and 1s not merely  fungistatic.

25 The potenual use of C.N, for mould control 1s considerable. For example, 1t can be used
as an alternative to drying in sttuations where the grain 1s wet. or it can be used to hold
grain for certain periods to extend the useful period of driers. The use of C,N, for mould
control reduces germination, and 1t 1s not proposed for all purposes. However, currently
the fungistat propionic acid 1s widely used to control moulds on ¢rain for animal feed.

>0 C.NLwould have potential use in such stituations.

The abihity of C,N, to be applied as a solution. as well as a gas. has many potential
applications for mould control, eg for disinfesting machinery in food premises and. indeed.

in disinfesting the prermses themselves.

lJl
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Noulds were controlled on both dry and wet wheat Normally one would relv on the
aridity 1o contain moulds on dry grain. however. in some situations areas prone o
moisture migration. such as the tops of silos. could be fumigated to kill mould spores. as
a preventative measure. The ability to Kill mould spores at both high and low humidities

1s useful in disinfestation of moulds in buildings and machinery, etc.

The moulds controlled included major genera such as Aliernaria, I'usarium, Penicillium.

Dreshslera and Coelomycete

For purposes of disinfestation of moulds 1n machinery and buildings. the ability of C,N,
to act in both the vapour and hquid phase. and to penetrate water. 1s extremely useful as
is 1ts ability to control bacteria and insects. Thus 1t 1s a general sterilisation agent. In
contrast. ethviene oxide 1s poorly soluble in water and formaldehvde has a low vapour
pressure. In addition. ecach of ethvlene oxide and formaldehyde 1s a suspect carcinogen
(Sax and Lewts, 1989). The TILV wvalue for ethylene oxide 1s O.lppm; that for

formaldehvde 1s "Ippm: suspected carconogen™ (ACGIH). The TLV wvalue for C,N, 1s

1 Oppm. .

Example 5

Efficacy of C.IN, in preserving meat quahty
Aim: to determine the efficacy of C,N, 1n preservation of meat.

Materials and Methods

Fresh (unfrozen) meat was purchased at local supermarkets and sliced. Shces. e.g.
approximately 20g of tamb hiver. was placed n 750mlL jars. equipped with septum hds.
C.N. was applied to give concentrations of 0. 20. 40 and 80 mg.L"". The jars were stored

at 37°C tor 48h. and for further periods at 30°C.

Results

The control liver rapidly lost colour. and became putrid and smellv 1n a space ol hours.
No visible effect was observed in any of the fumigated hver for a period of 48h. A change
in colour was observed starting at 2davs for the fumigaton with 20mgL™'. and 3 davs for
the fumigation at 80mel.. No effect was observed 8 davs atter fumigation with the

hichest tested dose

ORI G R T P L Y s s i ] el
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Discussion

The ability of C.N, to control bacteria. moulds and msects at high hunmudities. and to
raptdly decav. are desirable attributes for meat prescervaunon.  The potential for meat
preservation is considerable. For example, meat can be steniiised inside plastic bags. glass

containers or in larger containers. and bacterial contaminants can be destroyed. Potential

T2

uses are in wholesale and retail meat premises, and for uses where refrigeration is not

available (eg muilitary. campers).

Cross references

10 Cross reference is made to Examples 4. 21, 19, 28, 16 and 6

Example 6

Efficacy of C,N, in preservation of fruit quality

Aim: to determine the efficacy of C,N, in preservation of fruit and vegetables.

Materials and Methods

Kiwi fruit. mandarins and mushrooms were tested. Two of each commodity were placed
20 in 750mLb glass containers, equipped with a septum hd. with separate jars for each
commodity. Fumigant was injected into each container to give concentrations of 0. 10. 20.
40 and 80meL . Commodities were kept at 37°C for 8d. Commodities were removed,
and quality assessed by visual inspection at time of opeming and after @ further 2 days

storage at 25°C. Lach treatment was duplicated.

Results

The untreated (control) Kiwi fruit became soft. At 8 and 10 davs. the colour had changed
o a mixture of green and vellow. the {ruit was very soft. and free water had escaped from
inside the fruit. The fruit fumigated at 10 and 20mgl." exhibited some of these changes.
30 but to a lessened extent. The fruit fumigated at 40mgl."' retained its original colour and

consistency. However. the frunt fumigated at the highest dose showed some signs of

browning.

The treated {ruit. at each dose. remained {firm. there was no other observed effect on

1,
s

quality.
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The untunugated mandarins became mouldy. After § and 10 davs, the mandarnmn flesh had
become very soft. and 1t was difficuit to separate the scgments from the skin. or from
other segments. No mould was observed on the mandarnins furmgated at the two highest
doses. and quality of the mandarins fumigated at the two lower doses was better than that
in the control. However, the skin colour was altered in all treatments. although the flesh

colour was not affected. The least ettect on skin colour occurred at the dose of 40mgl "'

The unfurmigated mushrooms also became mouldy. After 8 and 10 days. 1t was difficult
to recognise the dark remnants as once having been mushrooms. Mushrooms fumigated
at 10mgl."' resembled the control, after 8 davs. Those fumigated at 20mgL "' retained their
original shape, but free water was lost from the mushrooms. Those fumigated at either of

the two higher doses retained their shape and colour. including the white colour at the top

of the mushrooms. No visible mould was observed on the treated mushrooms after

fumigation at 40 or 80 mgl. ", though the mushrooms lost some free water..

Discussion

Fruit and vegetable quality can detertorate through moulds and bacteria. as well as through
insect attack. In other Examples, 1t has been shown that C,N, 1s effective against moulds.
bacteria and nsects. and can be effective at the high humidities found in storage of fruit
and vevetables. In addition. a principal metabolite of C.N, 15 oxalic acid. which 1s widely

present in the plant Kingdom.
The results indicate the potential for C,N, in preservauon of fruit and vegpetables.

The use of C.N, to preserve fruit and vegetables requires appropriate control of the dose.

and both low doses and excessive doses can cause harm.

The potental 1s enormous. and ncludes packaged frunt in retail and wholesale premises.
fumigcation of truit pnor to shipment. and packaging for purposes where refrigerated 1s not

possible (cg for camping. for the armed forces. ete),

Cross reference

The reader 15 referred to Examples 19, 4. 21, 28, 35 and 15.
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I.xample 7

A 4 - -

Toxicity of C,N, to whitefringed weevil in soil, and sorption in soil

Aim: to determine the efficacy of (\,N, as a soil fumigant. to measure its sorption in soil

and to test whether 1t would be effective when applied as a gas and 1n aqueous solution

Materials and Methods

The species tested was whitefringed weevil, Graphognatus leucoloma (Boheman). which
1s a sertous soil pest of pastures and of crops such as potatoes. Soils tested were from
West Australia, where G leucolama i1s a major pest. Soil samples and insects were

provided by John Mathiesson. of the CSIRO Division of Lntomology.

Tests without soil

For tests against the insect. 50 first-instar larvae were placed in Erlenmever flasks
(158.5mL capacity), equipped with a septum inlet. The fumigant was applied as a gas. and
the flasks were kept 24h at 20°C. The flasks were then unstoppered, and mortality assessed
after leaving overnight. The procedure was tdentical to that used to assess other fumigants.
including methyl bromide and carbon bisulphide (Mathiesson, Desmarchelier. Vu and

Shackleton. unpublished results).

Concentrations of C,N, were determuned on a Varian 3300 Gas Chromatograph. equipped
with a thermionic specific detector, after separation on a DBwax column. ol nternal
diameter 0.53mm. Concentrations were determuned lh after inmjection and lh before

removing the stopper, and the mean concentration is recorded 1n the tables. On average.

the concentration declined by 12% over the measurement period of approximately 22h.

Tests in soil

In tests on soil. S0 first-instar larvae were added to soil, which was placed in sealed flasks.
The funigant was applied either as a gas or in aqueous solution. After an exposure period
of 24h. during which the fumigant was measured, the [lask was aired overmght. The
number of live and dead larvae were counted under a microscope. after flotation of the
larvace 1 water. and mortality i furmigated soil was compared with that in the control.

Insects able 1o move were classtfied as hive
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a. fumigant apphied 1 water

For tests against the nsect 1in soil. flasks of capacity 138 Sml were approximately half
filled with so1l (30g). FEirst-instar larvae (50) were added to each jar.The fumigant was

applied in an aqueous solution (2ml. or 4ml.)

b fumigant apphed as a gas

The fumigant was applied as a gas to flasks with the same filling ratio as those used for
the fumigant applied in water. The flasks were of capacity 29.5mL, and fitted with a

Mininert valve. Three types of soil were used (6.4¢g). namelv Pemberton loam, Sadie peal

and Mvaluys sand.

Results

Toxicity in chambers free of soils

. o

Toxicity of the fumigant, applied as a gas to insects in erlenmeyer flasks without soil. 1s
outlined in Table 1. Complete (100%) mortality was obtained for average concentrations
oreater than. or equal to. 1.5mgl." Below that level, mortalitv declined. Mortality was
S6% at an average concentration of 0.59mgL™". The concentration by time product to kill

' which s slightly below the figure for

95% of the larvae 1s approximately 26mg.h. L
methvl bromide recorded 1n comparable tests (Mathiesson. Schackelton. Vu and
Desmarchelier, unpublished results). C.N, 1s considerably more toxic to G./eucoloma than

carbon bisulphide, which 1s also a fumigant widely used in soil fumigation.

Toxicitv in soil. for the fumigant applied 1in water

bl Sl AT R g

Mortality of first -instar larvae. atter fumigation with C.N, in soil. 1s shown in Table 2.
together with the amount applied and the concentration of C.N, in the headspacc

approximately 23h after addinon of funugant. Complete mortahity was obtained.

................
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Toxicity 1 soil, for the fumigant added as a gas.

5  Toxicity for the fumigant added n a gas 1s shown i Table 3. For the Pemberton loam.
mortality was 100% and the headspace concentration of C,N,, 23h after application.
averaged 1.11mgl.". For the Myaluys sand. mortality was 99%, and the headspace
concentration. 23h after apphcation. averaged 0.89mgl.”". Mortality was zero on the peat
soil, and no fumigant was detected 23h after application.

K,

Discussion
The tumgant C,N, proved effective against a major pest in soil. It was effective in soil.

whether applicd as a gas or in aqueous solution,

15 The ability 10 apply C,N, in soil I1s important because soil fumigation with methvl

bromide 1s a major cause of release of this gas into the atmosphere.

Table 1. Toxicity ot C,N, to G lencolama, for a 24h exposure at 20°C

— |

p— —— ~

Average concentration Mortality

20 | (me.L")

5.1 50/50: 50/50

23 50/50: 50/50
1.5 ' 50/50; 50/50
1.27 | 49/49. 48/49

5| 0.99 40/50: 39/49
0.59

R 0750 0/50
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Table 2. Toxicity of C,N, to (r.leucolama i soil (530g) in a sealed flask (138.5ml.) at

20"C. The fumigant was apphed in water to mnsects in Pemberton loam soil.

TV v~ : -, el rrem—rs. ———— T e

-

Amount applied | Concentration in | Method of Number recovered
S | (mg) air at 23h application hve dead
(mg.L")
.85 (.85 wet 0 46
3.49 wet 0 32
10 | 3.7 3.08 wet 0 48
Table 3. Toxicity of C,N, to G.leucolama in so1l (6.4g) in a microflask equipped with
mininert valve (29.5mL) at 20"C . The fumigant was applied as a gas to insects in Sadie
Peat (S), Pemberton loam (P) and Myaluys sand (M) solls.
|5 Sotls Amount a;;‘)_l-ied Concentration in | Method of Number
(mg) air at 23h (mglL'1) | application recovered
live dead
. -—
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Example 8

Application of C,N, using flow through techniques

Aim  To determine the toxicity of a continuous stream of C,N, 1n air to insects.

Method and materials

Four pieces of equipment were connected in line

These were:
| - a Tedlar gas bag of 100 L capacity:

2 - an aquarium pump,

J
!

a gap meter/rotameter:

4 - a bank of tubes (insect chambers) interconnected via dreschel heads and polvthene

tubing.

The flow of air through the Tedlar bag and then through the insect chambers was 50

mls min"'.

Insect species tested were Rhyvzopertha donunica(t). stramm CRD2,
Orvzaephilus Surinamensis (L.), sttain NOS405 and 7ribolium castaneum (Herbst).

strain CT1C4.

The Tedlar bag was filled with air and C,N, was mjected through a septum into the
bag to give a certain concentration of C,N, in air.( Note a Tedlar bag has just one

filling’emptying port and a septum seal).

A tube from the gas bag was connected to the mlet of the pump. The outlet of the
pump was connccted to the rotamceter inlet . The outiet of the rotameter was

connected 1o the bank of tubes.  1he last tube vented to the exterior.

Experiments were conducted at room temperature, 22-25°C. At the end of the

exposure period, the insect chambers were disconnected and mortahty assessed

immediatelyv. to give "acute” mortahty. and again after a holding period. on wheat at

S0°C . of 1| week.
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[Fumigant concentrations were determined by pgas chromatography, on a Varian 3300
Gas Chromatograph, equipped with a Thermiome Specific Detector, atter separation
on a DBwax column. of internal diameter 0.5 mm

Concentrations used to calculate doses were the measured concentrations.

)
Results
Results are summarised in Table 4. The furnigant was effective in kiliing insects in a
- flow-through method of application. whereby the funigant was applied in an air
stream which was vented to the atmosphere.
10
Discussion
The technique of applying toxic gases in an air stream which vents to the atmosphere
1s used to apply ammoma and phosphine to grain. This low-flow technique can also be
used with C,N,.
15
Table 4 Toxicity to insects of C,N, 1n an air stream
Insect Amount Exposure (CxT) Mortality
20 Species apphed period producl (%)
(mgl™") (Hrs) (mg hr L")
o acute | week
CRD?2 0.04 22 0.88 [ 3
R 0.2 12 2.4 99 100
NOS405 0.07 24 |.68 0.6 20
30 1.5 2 3 30 Ol
TC4 1.0 | 4 14 100 100
TC4 1.0 5.4 54 96 100

— . - p=Limirviser - - WA AP el s, LA iy T % | = ey W At S TR M VR s - T S 8 e iy e e A e - -os - b

ety NN P s RN e s i e E e e " TN b I PH R T L P P NPT D T LTI T IR T | M e 2 o el .



CA 02192959 1996-12-13
2192359
J

WO 96/01051 | PCT/AU9S/00409

Example Y

Efficacy of C,N, against psocids (Pscoptera)

(/"

Aim To assess the toxicity of C,N, against Psocids

Materials and Methods

Two species of psocids were tested. These were Liposcelis bostrichophila (Badonnel)
10 and Liposcelis entomophila (Enderlein). The first species ts parthenogenetic, and was
obtained from an infestation in a household in Canberra. L entomophila 1s sexual, and

was obtained from an infestation in a commercial wheat storage in Western Australia.

Psocids were brushed off filter paper strips into a small glass crystallising dish.

15 Psocids were counted as they were tipped and brushed into the test chambers. These

were Erlenmeyer flasks.(11.5ml capacity) equipped with Mininert valves for injection

of gas and sampling.

In other experiments. psocids were put in chambers with paper. and the chambers
20 fumigated. These experiment was performed because psocids are not merely a pest of
erain storages and households. but also a pest of hbraries. museums. etc. as their

common name of "book lice" testifies.

A few droplets of water were added to the higher inner surface of the flask prior to

25 addition of insects and sealing.

Results

Mortality of L hostricophila 1s shown in Table 5. This species of insect was rapidly

killed. with 100% mortality obtained from a very low concentranon by time product

30 of 6.25 mg.h.L"

An exposure of 1h to 0.25mgL " of C.N, killed 95% of adult L. entomophila and

100% mortality was obtained from a Ih exposure to a concentration of 0.5mgL"".
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An exposure of 0.5mgl.” for 2h controlled L bhostricophila on paper. with adult
mortality being 100% at the end of the exposure period and at final assessment. 1 dav

later.  The control mortality was 12% at final assessment.

An exposure period of 1h to each of 0.5, 1.0 and .5mgL "' resulted in 100% mortality

Ly

of adult L.entomophila, as assessed at the end of the exposure period.

Discussion
The furmigant C,N, 1s effective n killing psocids 1n a variety of situations. such as
10 empty chambers and in chambers where paper ts present. Thus C,N, can be effective

in public buildings, libraries, museums. herbania, etc, as well as in situations where

durable or perishable commodities are kept. Psocids prefer high humidities. and the

abilitv of C,N, to act in such situations s useful.

|5 Table 5. Efficacy of C,N, against [ bostricophila

e e — TS = I T T ey Y ¥ o SEpe

——

Amount F-xposure (CxT) Mortahity
apphed period product (%)
(me. L") (Hrs) (mg hr L")
20 - post o Jlmda): ]
exposure
0.5 l 0.5 1 00 100
0.25 I 0.25 I 00 100
control ] () 12 |2
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Example 10

Application of C,N, in a recirculation system and the effect on insects

Aim: To determine whether (C,N, could be apphied 1n a recirculation system and
whether C,N, applied 1n a continuous gas stream has a higher toxicity to insects than

when applied under static conditions.

Naterials and Methods

A recirculation system was established comprising a pump. a gas reservoir (20L glass -
bottle stirred with a magnetic stirrer), a septum for injection of fumigant and for
sampling gas concentrations and 6 Dreschel tubes, each of capacity 20mL. Insects.
tvpically 20 adults. were placed 1in each tube. The fumigant was injected into the
svstem. while the pump was operating. After concentrations had been averaged
throughout the system by recirculation, three of the of six insect chambers were
disconnected and sealed immediately. Three of the six chambers remained under
recirculation. The disconnected chambers held under static conditions and the
chambers subjected to a recirculating gas concentration were dosed for equal periods

of time n all experiments. and at 1dentical temperatures (22-24°C).

Test insect were adults of Rhyzopertha dominica (F ), strain CRD2. and Tribolium

castaneum (Herbst). strain CT(C4.

Mortality was assessed at the end of the exposure period, to give "acute” mortality.
and again after a 2 week holding period on wheat at 30°C. 55% relative humidity to
cive "final” mortalityv. Insects were classihied as dead 1f they showed no movement of

anv description.

Results and discussion

Results are shown in Table 6. Mortality was higher in the chambers dosed under flow

conditions for each species. The difference between results from recirculation and

from static exposure were. however. not great.

ear . R R R LI PEY | FEETE RIS TVNEE PPS PP EPSRT PO LIPS S P e T 1L
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Discussion

The furmgant C.N, can be used with recirculaton. Phe results demonstrate that the
fumigant ca