CARBONYL SULPHI DE FUM GANT AND METHOD OF FUM GATION 5 Technical Field
This invention concerns the use of the gas carbonyl sul phide (COS),
which has also been ternmed carbon oxysul phi de, as a fum gant. 10
Background to the invention Fum gants are wi dely used fo 5? t he
di'si nfestation, and protection against infestation, that ve Q¥ kT ﬁ'y
required to protect particulate materials (such as grain) aﬂqﬂ ot her
stored produce (including durable and perishable 15 foodstuff), ous

bul k materials (for exaer soil or ti mber and spaces (t tal ly,
enpty bui TS . "CARBENKLf SHLEHHOE FEMIEE t oxi c to insects,
mtes, nemat odes, bactmmmgrﬁgngbmmmuu It should be
effective in | ow concentrations. It should have a | 04(20 absorbtion by
materials in the fum gated region. It shoul d” have a | ow mamal i an
toxicity aretHreiawel eFidkd no resi due or an inert residue. In

addi tion, e ideal u nt dlfflculties s _far as
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fum gation of graln, other particulate materl frurt and tinber
are 30 pfﬁﬁ‘b‘fﬂ%&tand net hyl bromni de. Phosphine is the preferred
fum gant for grain stores and the |ike because it is ef fecti ve agai nst

grain pesLBs q‘nd I eageg I%t I ﬁBr esi due (which is essentially a harnless

phosphat e)™ spont aneousl y conbusti bl e
when i t Fumigants are widely used for the disinfestation, and

10 protection against infestation, that is. usually'required to
protect particulate materials (such as grain) and other
stored produce {including durable and perishable
foodstuff), porous bulk materials (for example, soil or
timber) and spaces (typically, empty buildings). An ideal

15 <fumigant should be toxic to insects, mites, nematodes,
bacteria, fungi and moulds. It should be effective in low
concentrations. It should have a low absorbtion by
materials in the fumigated region. It should have a low
mammalian toxicity and leave either no residue or an inert

20 residue. In addition, the ideal fumigant should present no
difficulties as far as safe handling is concerned, and it
should not adversely affect the commodity or space that is
being fumigated.

No fumigant meets all of these "ideal" criteria. The two
25 fumigants most commonly used in the fumigation of grain,
other particulate materials, fruit and timber are phosphine
and methyl bromide. Phosphine is the preferred fumigant for
grain stores and the like because it is effective against
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35 concentration exceeds a relatively |ow val ue. Met hyl brom de is

nore toxic to grain pests than phosphi ne when used for short periods of
fum gation, but phosphine is nore toxic to grain pests when long term

- 2- fum gation is effected. Met hyl  bromide has a |ower
ftammabi | ity than phosphine, but recent work has shown 5 that nethyl
brom de depletes the ozone |ayer. Thus approval of nethyl brom de
as a fumgant is currently under re@lew foll owi ng the Montrea

pr ot ocol . O her fum gants that have been used against grain pests 10
include acrylonitrile, car bon di sul phi de, car bon

tetrachl ori L | y | e ride,
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fum gant properti es. For many years, there has been a constant
seeki ng of Visdwe- fum gants and there is no doubt that the quest for 20
i nproved fum gants w | | continue Environ, Exp. Bot. (1986),

2000, MR hrdinad Sy proe SFEFTES SLFH B9 ShaPLpbiBTy
sul phi de. whefhe&sed for short periods of fumigation, but phosphine is
more toxic to grain pests when long term fumigation is
effected. Methyl bromide has a lower flammability than
phosphine, but recent work has shown that methyl bromide
10 depletes the ozone layer. Thus approval of methyl bromide
as a fumigant is currently under review, following the
Montreal protocol. .

Other fumigants that have been used against grain pests
include -acrylonitrile, carbon disulphide, carbon

15 tetrachloride, chloropicrin, ethylene dibromide, ethylene
dichloride, ethylene oxide, hydrogen cyanide and sulphuryl
fluoride. It will be noted that a halogen is present in
the majority of these "“conventional" fumigants, none of
which has the "ideal"™ fumigant properties.

20 For many years, fhere has been a constant seeking of new
fumigants and there is no doubt that the quest for improved
fumigants will continue.

Disclosure of the Present Invention

The prime objeét of the present invention is the provision
25 of a new fumigant that has properties which make it a

viable alternative +to the conventional fumigants,

particularly in the control of insects, mites and moulds.
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25 subsequent fate ahd distribution of absorbed [err]S was

| Avest i gat ed. J. Environ. Qual. (1984), 13(2), pages 224 to 230,

di scl oses an investigation of the conparative toxicity of 30 SJerr],
H.err]S, CS[err], COS and nmethyl nercaptan in bush bean seedl i ngs.
Séedlings were exposed to each gas I ndividually for 6 hours at
6-82 [err]nol/nferr] in an open gasedus exchange system 35 Devel op.
Ind. Mcrobiol. (1966), 8, pages 305 to 312, di scl oses the effect of
vari ous gases on three strains of E.coli. A suspension of each

Or gan! S Wagn FXPESF8ct Qb "Es acnSel’ ny Hhld Uhd Bk WA Tt dd au o
sul phi de i rdwé bt BdmEgantli B and was lethal to E. coli K-12 and 4157.

5 Di scl osure of the Present Invention The -present invention
provides the use of carbonyl sul phide as a fumgant for the control of
i nsects, ndr@rberyl swlpaideris® wellbsknown cogppeubdy| &bl hiaagas at

vel | - knewn 9ppPQerdndada | Bep&estate  andTPreskardard JopmeratyyLr Ay

Pressurqg, g%&gtaogoLkb?g%QPIQEt is colourless, flammable (but not as

flammable as phosphine), ' and. soluble in water. Its

solubility in water is 1.4 grams per litre at 25°C, compared

with the aqueous solubilities of 13.4 grams per litre and

2.2,§rams per litre for, respectively, methyl bromide and

;0 carbon ‘disulphide (phosphine has -been reported to be

' "sparingly'soiuble" in water). When in aqueous solution,

it slowly decomposes. Commercially, carbonyl sulphide is

normally supplied in liquefied form in cylinders at about

160 p.s.i.g. However, it occurs naturally, being the major

15 sulphur speciess in the atmosphere (where it occurs

uniformly in the troposphere and. lowexr troposphere at a

concentration of 1.3 micrograms per cubic metre) and part

of the natural sulphur flux in soils and marshes. Carbonyl

sulphide is also formed from the anaerobic degradation of

20 manure and compost and is present in most pyrolysis
products and in oil refineries.

As a consequence of its role in the sulphur cycle, its
presence in pyrolysis products and its use as a chemical
feedstock, carbonyl sulphide has been widely studied, and
25 1its properties and uses are well known. However, an
extensive review of the technical literature, and a Dialog
computer-based evaluation search (conducted in the files of
CAB_ Abstracts 1972-1991, Biosis Previews 1969-1991, Life
Sciences Collection 1978 to 1991, Agricola 1970 to 1991,
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of -50.2[err]C. It is colourless, flammable (but not as flammble 15 as
phosphine), and soluble in water. |Its solubility in water is 1.4 grans
per litre at 25[err]C, conpared wth aqueous solubilities of 13.4 grans
per litre and 2.2 grans per litre for, respectively, nethyl brom de and
gar bon di sul phi de (phosphi ne has been reported to be "sparingly
soluble” in 20 water). When in aqueous, solution, it slowy deconposes.
Conmmerci al |y, carbonyl sul phide is normal Iy supplled in i quefied form
in cylinders at a guage pressure of about 1100kPa (160 p.s.i.g.).
However, it occurs naturally, being the maj or sul phur species in the

at mospher e (\H@ﬁﬁ% 'in@é‘:‘ﬁ&%xgﬁalurﬁ'ﬂimtb 1991 ! Nyl pﬁf Ect 'é"ﬂﬁ{j

t roposphere ° conceniration of 1.3 n1crograns per
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carbony! sul il S Been wEde! Yostulhed: 1Mk | 1S Yo PLARSI tigGoang, tises
are well kno xt ens revi ew o nlcal
literature, #ogng mcalzwfm eko carbgayédsw@haéﬁ &@s @MQMduct ed

in the files of CAB Abstracts 1972-1991, Biosis Previews 1969-1991,
Li fe Sci ences Collection 1978 to 1991, éh#00|a 1970 to 1991,
- 4- Agrits st BpRYn dhat 1@%13985!}9951“1 dfRedf © reemBRyisp toxic

gas. In the article by - Robert J Ferm entitled "The
10 Chemistry of Carbonyl Sulfide", which was published in
Chemical Review, volume 57, 1957, pages 621 to 637, three
references are given in. support of the statement at page
627 that:
"Cold blooded animals show more resistance to
i5 carbonyl sulfide than do warm-blooded animals.
Mice and rabbits die quickly when they are
exposed to air containing more than 0.3 per cent
carbonyl sulfide."
And in the current Matheson Gas Products Catalogue, in the
20 section entitled "Carbonyl sulfide® (pages 115 to 117), it
' is stated that (page 115):
“"Carbonyl sulphide acts principally. upon the
central nervous system, with death resulting
mainly from respiratory paralysis. Rabbits
25 showed some ill effects after exposure of one
half hour to 1300 ppm. With mice, death occurred
in % minute when they were exposed to 8900 ppm,
in 1% minutes on exposure to 2900 ppm, and in 35
minutes on exposure to 1200 ppm. Sixteen minutes



Agrochem cal Products and Cceanic Abstracts 1964 to 1991), has reveal ed
no. use or contenpl ated use of carbonyl sul phide as a fum gant, and no
reference to the insect 5 toxicity of carbonyl sul phide. A separate manual
search of Chem cal Abstracts extended back to the year 1900, but

found no reference to carbonyl sul phide as a fum gant. It is known
that carbonyl sul phide is a mamalian toxic gas. In the article by
Robert J Fermentitled "The 10 Chem stry of Carbonyl Sulfide", which was
publ i shed in Chem cal Review, volunme 57, 1957, pages 621 to 637, three

references are given in. support of the s§atenment at page 627 that:

"Col d bl ooded ani mals show nore resistance to 15 carbonyl sulfide than
do war m bl ooded ani mal s. M ce and rabbits die quickly when they are
exposed to air containing nmore than 0.3 per cent carbonyl sulfide.”
And in the currer&xﬂﬁﬁw@ontsasgﬁoodwxs (@dws@gUenoi Npleieeptiyad i on
entitled "Car bonyl %b% |d,e (pages 115 to 117), it Is stated that (page
115): sulphlde acts principally upon the

central nervous system wth death result| ng “mainly from

ol ratory%&é@l Sat 1?3% our to ﬁg:oogﬁg%%%vi(gﬁﬁ%bhkd deat%éhaféieé

exposure of one occurred
in nminute WRhaheytqerbusapsseando M]ﬁﬁn mammals,  napd]/ 2lgonuths on

exposur e g 0 M- PIIBAEdd Vet t¥brates, mlyIUASE Wb SXBAIW €tdO ihAUEHIM
Sixteen m nut es1ds, mites and the like. One example5 of such a
-mammalian toxic gas is carbon monoxide. Thus, simply
because . carbonyl sulphide has a measured toxicity to
mammals, it would be incorrect to conclude that carbonyl
10 sulphide will also kill imsects, moulds, mites and the

like.

The present inventors, therefore, were surprised to find
that carbonyl sulphide is useful as a fumigant. However,
the present inventors have ‘now established that when
15 carbonyl sulphide is used as a fumigant, it may be applied
undiluted, in a manner which allows it to mix with the
atmosphere within the system under treatment, or it may be
applied in a mixture with an inert diluent gas. The
diluent gas will be used when a more dilute form of the
20 fumigant is to be dispensed, or as an inhibitor to reduce
flammability of the carbonyl sulphide. The diluent gas will
normally be air, although other suitable carrier gases may

be used.

The present invention also encompasses a method of

25 fumigation of particulate materials, commodities, timber,
spaces and soils which comprises applying gaseous carbonyl
sulphide thereto.
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exposure to 900 ppm caused no perceptible effects.” However,
It~ is known that gaseous conpounds which are | ethal to humans and
smaller manmal s, and also to 5 col d-blooded vertebrates, may not be toxic
to_insects, moul ds, mtes and the |iKke. One exanple of such a
mammal i an toxic gas is carbon nonoxi de. Thus, sinply because

car bonyl sul phi de has a neasured tOXICItyE%O mammal s, it woul d be

i ncorrect to conclude that carbonyl 10 sul phide will also kill insects,

noul ds, mtes and the i ke. The present inventors, therefore,

were surpri seﬁrmefﬁ rwetallbhaﬁllqarﬁwybestﬁmﬁ@eds peehidy asf aekdmpaant -
However , e pr gegiors have, now establl gthat when 15

carbonyl sul 8 de | nu PUMgar ls?’rlsﬁé@nbé’ PePToPemkhest &F in
a manner whichrbbhy&ssdlphﬁ@@xasnhhﬂdmiganﬁurﬁnw&uﬂfngnéhamplbs NIloBm

under treat E! By, in a mxture wwth an inert dil uent
gas. The "ad uentétgas %&flp%%;?%gé %ﬁen a nore dilute formof the 20
fum gant is to be dispensed, or as an inhibitor to reduce flammability

of the Ca5b05xgdyg§¥3dkbf1%ﬁéc&ﬁ+@ﬂ{lgﬁs Wil | normal |y be air, although

ot her suitable carrier gases may be used. The fresent i nvention al so
provi des a ndtRo@ife 'Eﬂ?ﬁ%‘a?$ﬁg°f ay fypdgant et esuatlyiberpressedopsa a
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of carbonyl awbplthéelhd:hal mmjmmluetdosesmerﬁozsas per seateand
10 99 per cent, respectlvely, of the population against which
the fumigant is directed), expressed’ in mllligram hours per
litre. Normally, the temperature at which the fumigant is
‘used is also given, for, in general, the higher the
temperature of treatment with a fumigant, the lower the
15 dose or concentration that is necessary to achieve a
required effectiveness.

The concentration x time products, expressed in the usually
adopted terms of LD,,, LD,; or LD,, (although strictly
speaking these figures are L(CxT),,, L(CxT), and L{CxT),,
20 wvalues), for eleven previously known fumigants that are
still in use against grain pests, are_éhown in Table 1.
The data in Table 1, relating to eight species of grain
pests, has all been obtained from prior art publications.

The present inventors have conducted numerous experiments
25 to demonstrate the efficacy of carbonyl sulphide as a
fumigant. A number of these experiments are detailed in
the following Examples. In each case when carbonyl
sulphide was used, the gas was produced by the reaction of



- 6- Further details will now be provided, by way of exanple only,

I M the follow ng discussion of the properties of carbonyl sul phide as a
fum gant, includi ng exanpl es which denonstrate such properties. 5

Di scussion of the Invention The effectiveness of a fumgant is usually
expressed as a "CT product”, which is the concentration x tinme product
for a specified effectiveness (usually for L err] or L(Jerr], which
are the |l ethal concentrations - doses - for 95 per cent and 10 99 per
cent, respectively, of the popul ation aga¢nst whi ch the fumgant is
dlrected) expressed in mlligram hours per litre. Normally, the-
tenperature at which the fumgant is used is also given, for, in
general , the higher the tenperature of treatnment with a fum gant, the
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conduct ed numner ous I ment strate the efficacy o carbonyl
sul phi de as ¥ uti%mcgfamleaﬂ nBfeERtef imed@tE&Ger FREEMAYR JWHEFPLEni n

the fol | ow nguiyRI®E €S  The . pUrLEE b £ AT Wby DHWphide was measured
using a GOW-MAC (Model 40-001) gas density detector; it
10 typically had a purity between 80 per cent and 90 per cent
V/V, with the major impuriﬁy_being carbon dioxide. No
hydrogen sulphide or sulphur ‘dioxide was detected.

The fumigant concentrations in the experiments were
analysed using a Shimadzu GC6 gas chromatograph, with a

15 flame ionisation detector. Column conditions were 20 per
cent OV 101 on Gas Chrom Q at 42°C column temperature, and
injection temperature of 105°C.

The following species were subjected to tests of the
efficacy of carbonyl sulphide as a fumigant: Tribolium
20 castaneum (Herbst), (Coleoptera, tenebrionidae), strain
CTC4; T.confusum (Jacq du Val) (Coleoptera, Curculionidae),
strain CLS2; Rhyzopertha dominica (F) (Coleoptera,
Bostrichidae), strain CRD2; Oryzaephilus surinamensis (L)
(Coleoptera, Silvanidae), strain NOS4; Ephestia cautella
25 (wWalker) (Noctuidae, Pyralidae), strain CEC2; Bactrocera
tyroni {Froggat), formerly Dacus _ tyroni (Diptera,
Tephrididae), <collected Wollongong 1989; Liposcelis

bastrychophilus; Lepidoqglyphus destructor (Schrank);

Coptotermes acinaciformis (Froggat) {(Isoptera,




sul phi de was used, the gas was produced by the reaction of

-7- pot assi um t hi ocyanate with sul phuric acid, as described by A
Stock and E Kuss in their paper in Chem sche Berichte der deut chen
Gesel | schaft, Volune 50, 1917; page 159. Thi s met hod of production is
r Ecommended by RJ Fermin his 5 aforemgntd oned paper in Chem cal Review,
vol une 57, 1957. The carbonyl sul phide thus produced was washed with a
solution of lead acetate in water, to renove hydrogen sul phi de. The
purity of the carbonyl sul phide was rreasured u3| ng a GOV MAC ( Model
40-001) gasRbépoteymddidacoy:; apd)Cxypteiernesdos iqus beHarehapd . per

cent and 90188pteeB! Kal¥térmitinddy J or |rrpur| ty be| ng car bon di oxi de.

No hydr ogen sul ph| de or sul phur di oxide was detect ed. The fum gant
concentrations in the experiments were anal ysed usi ng a Sh| madzu GC6 gas
chr omat ogr agkamy £ SN
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serum vials (bottles) having a capacity of approximately
120 mL were used. These vials had a crimp top and were
closed with a cap which permitted gas injection using a

10 sy:r:ix{ge (a "Mininert" wvalve).  The _botties were left open
in an atmosphere of 55 per cent relative humidity at the
temperature at which the biocassay was to be performed
{usually 25°C or 30°C).

To test the effectiveness of carbonyl sulphide against live

15 insects, between 25 and 35 insects were added to each vial,
which was then closed by its cap. A quantity of air, equal
to the wvolume of gas to be injected, was then withdrawn
from each bottle and the same volume of gas was injected
into it. The bottle was kept at a constant temperature for

20 the duration of the bioassay, which was usually 6 hours or
24 hours. At the end of this period, the insects in each
bottle or vial were transferred to respective 60 mL glass
jars, which contained 20. grams of wheat. The insects
remained in the glass jars with the wheat for 14 days

25 before the mortality assessment was made. All assays were
replicated three or four times, and were accompanied by a
control assay, in which no carbonyl sulphide was injected
into the bottles containing the insects.



CTC4; T.confusum (Jacq du Val) (Col eoptera, Curculionidae), strain

CLS2; Rhyzopertha dominica (F) (Coleoptera, Bostrichidae), strain
CRD2; Oryzaephilus surinanensis (L) (Col eoptera, Silvanidae), strain
NOsS4; Ephestia cautella 25 (Wl ker) (Noctui dae, Pyralidae), strain CEC2;
Bactrocera tyroni (Froggat), formerly Dacus tyroni (Di ptera,
Tephridi dae), collected WIlongong 1989; Liposcelis bast rychophi | us;
Lepi dogl yphus destructor (Schrank); Copt ot er nmes acinaciforms
(Froggat) (I'soptera, R noterm tidae); and Cryptoternes
donesticus (Havil and, | soptera, Kalotermtidae) Exanple 1 - Tests
of the efficacy of carbonyl sul phide to control external stages of

stored-product insects. 5 To test the effectiveness of carbonyl sul phide
agai nst theln &keer martstldges cisddmsmestor ether oadulti nsaséstsgl aese
serum vi al s Rakt hawi n capaci f appr 0 wer e
used. Thesg vi al !sfg%)g g\élcrlaerrgdt £e {c:i’xvxg ép‘?osnwt;cl r)éﬁ?oéxjdtzzat%d\;ml
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bottles were | eft open |n an at nosphere of 55 per cent relative humdity
at the gg‘gerature at h t he b| oassay was tq be perforned gusually
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treatment in the bottle, the pupae were transferred to
glass jars containing 10 grams of flour. The mortality of
the pupae was assessed as an inability of the pupae to
1d become adults. The bioassays with -pupae were all

replicated three or four times, with control assays.

Corresponding assays of the effectiveness of carbonyl
sulphide against insect larvae were conducted in the same
manner as the biloassays with pupae, except that the

15 mortality of the larvae was assesséd, like that of adult
insects, as an inability to respond to any stimuli. Larvae
which successfully pupated after treatment were assessed as
survivors.

Tests of the effectiveness of carbonyl sulphide against the
20 eggs of insects were performed with the eggs on strips of
filter paper. These strips were each appro#imately 1l cm x
5 cm, cut from S & S Rundfilter Nr 593, 90 mm diameter,
filter papers, marketed by Schleicher and Schuell. The
eggs of most species were oviposited directly onto the
25 filter paper, after the adult insects had been added to a
thin layer of wheat, brewers yeast and filter paper. In
the case of Tribolium castaneum (Herbst), the eggs were

oviposited on superfine flour and were recovered by



fromeach bottle and the sane vol une of gas was injected into it. The
bqttl e was kept at a constant tenperature for 20 the duration of the

bi oassay, which was usually 6 hours or 24 hours. At the end of this
period; the insects in each bottle or vial were transferred to
respective 60 nL gl ass jars, which contained 20 granms of wheat. The

I nsects remained in the glass jars with the wheat for 14 days 25 before
the nortality assessnment was made. Al assays were replicated three or
four tinmes, and were acconpanied by a - 1&ontrol assay, in which no

car bonyl sul phide was injected into the bottles containing the insects.
-9- In the nortality assessnent, the adult insects were

classified as,dead if they failed to respond to any stinmuli. The

control assa§t®HiRgti t PhRaRIST HKTe aE%%%sEHanSferreq'h‘éi’é% ySingle Heair
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bi oassays pupae ~ were our tine
control assagsoup.

The adult insects were removed after 16 hours on the
medium. Some eggs were dosed with carbonyl sulphide within
_ .24 hours of the start of oviposition, these eggs being
10 classified as'“o 1 day old eggs". Other eggs were kept for
a further four days, to generate "4-5 days old eggs”, |
before being dosed with carbonyl sulphide.

Typically, 20 to 30 eggs were deposited on each strip of
filter paper. The strips of filter paper, with the

15 deposited eggs, were placed in respective glass vials
{bottles) of the same type as those that were used to test
the effect of carbonyl sulphide on adult insects, and were
dosed with carbonyl sulphide in the same manner as the
adult insects. After the exposure to carbonyl sulphide,

20 fhe eggs were placed in a covered Petrie dish and stored at
30°C for seven days. At the end of this storage period, the
numbers of hatched and unhatched eggs were counted, using
a Nikon stereo microscope, equipped with a cold light
source. The eggs that had failed to hatch were classified

25 as dead. All assays using eggs were performed in
triplicate, with a corresponding control (untreated by
carbonyl sulphide) bioassay.



Correspondi ng assays of the effectiveness of carbonyl sul phi de agai nst
I nsect | arvae were conducted in the sane manner as the bi oassays with
pupae, except that the 15 nortality of the |larvae was assessed, |ike that
of ; adul t i nsects, as an inability to respond to any stinuli. Larvae

whi ch successful ly pupated after treatnent were assessed as survivors.
Tests of the effectiveness of carbonyl sul phide against the 20 eggs of

i nsects were perfornmed with the eggs on strips of filter paper. These
strips were each approximately 1 cmx_ ;6 cm cut fromS & S Rundfilter Nr
593, 90 nm di aneter, filter papers, marketed by Schl ei cher and Schuell.
The eggs of nost species were oviposited directly onto the 25 filter
paper, after the adult insects had been added to a thin | ayer of wheat,

brewers yeasheahgshitiesbpapaed with thélwisassaps fdi hokteFhansseagEs

(Ferbst). e eqdsntEiBen & RA54 °F, CnTURSLEEAEAL W HiaeLe T Egover ed
were then tstagéerofedthet Wnsesitngladdbt)y pupbeysilamtgsmedri riggss) ,30ther

doubl o- 5f defe2Tod ke exbOaupsrts' Aipiinyt SRLPRANE UL TolBefalRB RE o' 1
brand" (3rawbithrkhe hboassay wis Pexbooned; theduht values oigrpressed
o in milligrams hours per litre - mg.h.L?'),- and thé minimum

"  effective. tested dose. The minimum effective tested dose

is the minimum tested dose that killed all insects in

assays involving at least 100 insects. Entomologists will

10 f£ind that a comparison of the results in Table 2 with the

prior art data collated in Table 1 demonstrates that _the

‘effectiveneéss of carbonyl sulphide against the external

stages of insects is comparable to that of other, known

fumigants.

15 The data presented in Table 2 clearly demonstrates the
effectiveness of carbonyl sulphide against all external
stages of the insects listed in Table 2.

Example 2 - The effectiveness of carbonyl sulphide against

internal stages of stored-product insects. ,
20 In a series of experiments, adults of the grain pest

Rhyzopertha dominica were allowed to oviposit for 4 to 5
weeks on 1,000 grams of wheat, maintained at 30°C and having
a moisture content of 12 per cent. In each experiment, the
adults were removed from the wheat, which was then divided
25 into three portions; two for dosing with carbonyl sulphide
and one for use as a control. Each portion of wheat was
then placed in a glass jar having a capacity of 1.1 litre,
and the jar was sealed with a screw cap which had been
fitted with a septum. A dose of carbonyl sulphide in the



The adult insects were renoved after 16 hours on the medi um  Sone eggs

were dosed with carbonyl sul phide within 24 hours of the start of

ovi position, these eggs being 10 classified as "0-1 day old eggs". Oher
eggs were kept for a further four days, to generate "4-5 days old eggs",
bef ore being dosed with carbonyl sul phide. Typically, 20 to 30 eggs
wer e deposited on each strip of fiTtef paper. The strips of filter
paper, with the 15 deposited eggs, were placed in respective glass vials
(bottles) of the same type as those that were used to test t he effect
of carbony p e d It S; €4 S r ban

sul phi de |%a?ﬁ% ggﬁef%gﬁﬁe? as tzﬁgg 1 M%Fnsectggp ?ter t éﬁﬁxp re to

carbonyl s#Pjfrged Jhraugh gehe V\E?E‘:H{“ac ed\ﬁ ten R cpegapePeréodi ¢ foand
stored at exaﬁ@ﬁéfrh@'h@hr%@Veﬂﬂﬂ9M§créW &8 wasd ﬁéplﬁbédshQEﬁgﬁlﬁ%E&Od

t he nunber s of hatc an at ched .e Wer e, co nte a N kon
stereo mi cPBBEZpe O %ﬁiﬁi €h ﬁmgQPEQEgkube a #ﬁewbﬁg§ ¥@& had
failed 80 luabnh sm!b"zﬁed:l assiefiither?3259% ofedd°c. Althe aéuaaygmgsaa&lt%ﬁgs
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w th the blt@as §ay§ f seaks.cr naIRQnJa'fgte%tlon of each experiment was
performed by repeating the entire procedure.

The resulés of this series of experiments are given in
10 Table 3. It will be noted that an exposurxe for 24 hours to

a dose of 8 mg per litre of carﬁonyl sulphide gave, on

average, 93.4 per cent control of all immature stages of

R. dominica. The most tolerant stage was probably

pre-pupae (that is, those insects which emerged in 7 to 14
15 days after dosing).

A second series of experiments, performed in +the same
manner but with exposure of the wheat to carbonyl sulphide '
for periods of 6 hours, 24 hours and 48 hours, produced the
results recorded in Table 4. It will be noted, from these

20 results, that extending the exposure time to a single dose
of carbonyl sulphide increased the mortality of the
internal stages, indicating that the toxic effect of
carbonyl sulphide on insects in whole grain was not rapidly
destroyed by sorption of the carbonyl sulphide.

25 A third series of experiments was performed to investigate
the efficacy of carbonyl sulphide in the control of the
internal stages of the grain pest Sitophilus oryzae. The
same procedure was adopted, with carbonyl sulphide doses in



are summarised in Table 2, which records the species, the stage of the
Insect (adult, pupae, |arvae or eggs), the peri od of exposure to

car bonyl sul phide, the tenperature at 5 which the bioassay was perforned,
the L([err] val ues (expressed in mlligrams hours per litre -

ng. h.L[err]),-and the m ni nrum effective tested dose. The m ni num
effective tested dose Is the mninumtested dose that killed al

i nsects in assays involving at |east 100 insects. Entonologists will 10
find that a conparison of the results in Table 2 with the prior art data
collated in Table 1 denobnstrates that the effectiveness of carbonyl

sul phi de agai nst the external st ages -ofL3i rsects i s conparable to that of
ot her, known fum gant s. 15 The data presented in Table 2 clearly
denonstrates the ef fectiveness of carbonyl sul phide against al

ext er nal stages of the insects listed in Table 2. nple 2 - The
ef f ecti venesstRf Eapg8npt Lxrphilde “ﬁgaﬁ?%tlitfel'ﬁt?e?ﬂramgstpﬁésliﬁre and

st or ed- produowitmsgﬁpésui}esl 803aS 8LhG3 e0dovep eEingamig | fﬁﬂ#'& Sh&iré hgo gy2i n
pest ?& ertha d,? nica \\éfre a;t ggd to ovi s|t ‘F i weeks
on 1,000 gram®f=wheat, Fﬁ?r]ed‘% RS0 TRg axe giyshst e

content of 12rqdeleseﬁt.6lanéa@'h experinent, the adults were renoved
fromthe wheat,, which was then divided 25 into three portions; two for
dosing with car bonyI sul phi de and one for use as a control. Each

portion ofSwieafouwadh sexirs pfacibenimentssvyasarpenformed, casdiog ythé
1L.1litre, proddabhe Io¥ tﬁisse@*&ﬂpmeth&sehws%a%% CnBad-PeLlive

fitted with a septum A dose of carhonyl _sul phide in_ t

- 12 - efflcacnes of carbonyl sulphide, carbon disulphide and
ethyl formate against the internal immature stages of
S. oryzae and R. dominica in whole grain. The ocutcome of

10 this series of experiments is shown in Table 8. The

superiority of carbonyl sulphide as a controller of the
internal stages of these grain pests is clearly evident.

Example 3 ~ The effectiveness of carbonyl sulphide in the
control of stored-product mites and psocids.

15 A series of assays was conducted to demonstate the
effectiveness of carbonyl sulphide against adult wheat

mites and psoclds (species Liposcelis bostrychophilus).
The methodology of the assays of adult external stages of

stored-product insects, described above in Example 1, was
20 used, except that 3 grams of wheat (containing 18 per cent
moisture) and approximately 100 mg of brewers yeast were
added +to the glass jars before the addition of
approximately 200 psocids. After exposure of the psocids
to carbonyl sulphide for either six hours or 24 hours, the
25 sealing caps were removed from the jars and, after 1 hour
of airing, the jars were closed with thin plastic material.
The assays were conducted at 25°C, 75 per cent relative
humidity. The number of mobile mites was counted at the



range of from8 ng per litre to 45 ng per litre was I nj ected through the
septum After the assay period (for exanpl e, 24 hours), the screw cap
was replaced with filter paper, to enable the fum gant to be aired. The
wheat was 5 then stored at either 25[err]C or 30[err]C.  The energing

adul ts were counted at weekly intervals over a period of fromfour to
five weeks. Replication of each experinent was performed by
repeating the entire procedure. The results of this series of
experinents are given in 10 Table 3. -I&4wi-| be noted that an exposure
for 24 hours to a dose of 8 ng per litre of carbonyl sul phide gave, on
average, 93.4 per cent control of all inmmture stages of R dom ni ca.

The nost toki tage pr obab re-pupae_(that is, those
i nsects whi & geﬁ Bn 9“?853£915uﬁa9§&hfFéF ngFulphide pardcdrhe

series of expertakhts waerdssessed nafter safoldingBraeiod B Wilkke @ERAsUr e
of the wheat to carbonyl sul phide for periods of 6 hours, 24 hours and
48 "hour s, produced the results recorded in Table 4. It will be noted,
from t hese ﬂ?@e§§SPétSJQﬂ ﬁhesamegpaﬂmmemp@suﬁ&ﬂnaﬂnl@ psscmgbeahﬁe

of carbonylpi a4 Py, gdge leg'gc yalal s‘i"%)wnt e, 'I'abﬁl.e% q ré

st ages, |nd|cat|n OXI C € su
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car bonyl SLnﬁguﬁgaincﬁﬁaéathhr@aggél es of experinents was perfornmed to
i nvestigate .. the efficacy of carbonyl sul phide in the control of the

i nternal stages of the grain pest Sitophilus oryzae. The sane procedure
was adopt ed,Imid (sepaimty| expépimdnt(o200 pBocids in a glass container

were exposed to g dose of "5 mg per litre of carbonyl
sulphide for one hour. At the end of that one hour

10 exposure to carbonyl sulphide; all 200 of the psocids were
dead.

Example 4 - The efficacy of carbonyl sulphide in the
control of fruit flies.

Bioassays of the effect of carbonyl sulphide on the
15 external immature  stages of the Queensland fruit fly,
Bactrocera tyroni (Diptera: Tephritidae) were conducted in
the same manner as the assays of the immature external
stages of stored-product insects in Example 1, except that
(a) when using eggs, the filter paper strips were damp
20 when subjecting the eggs to a dose of carbonyl

sulphide, and
(b) one drop of water was added to each jar for larvae
prior to the addition of the insects.

The assays with eggs, feeding larvae and pupae of B.tyroni
25 were conducted at 30°C. The results are shown in Tables 11,
12 and 13 for, respectively, pupae, late instar larvae and

eggs of B. tyroni.



- 13 - the range of from15 ng per litre to 91 ng per litre, and

Wt h exposures to a single dose ranging from®6 hours to 72 hours. The
results of these experinments are given in Tables 5, 6 and 7. 5 A
fourth series of experinments was performed, using the procedure of "this
Exanple, to investigate the relative efficacies of carbonyl sul phide,
car bon di sul phi de and ethyl formate against the internal 1nmmature stages
of S. oryzae and R dominica in whole grain. The outconme of 10 this
series of experiments is shown in Table & -~ The superiority of carbonyl
sul phide as a controller of the I nternal stages of these grain pests is
clearly evident. Exanple 3 - The effectiveness of carbonyl sul phide in
t he control of stored-product mtes and psocids. 15 A series of assays
was conduct BaamplecenBbns+t at®hd haise efff echrbengds stlphildenytosutphtgel

agai nst aduktp. wheal mtes and psocids (species Liposcelis

bost rychoph The net hodol ogy of the assays of adult external stages

of st or eldBLEdubermisest sandesRYPBRE afbvethe Breples 1, Coptobarmesd,
except that adifghei¥cpinidheprrbé§eatyi Nirbpee’ RRMhoteriitSdde), aada
apprOX|nateI¥ 100 of brewers yeast were added to the glass jars
bef ore ?he—-é(dﬁ-?—gg#—%ﬁc m demesticus ¢ 248pebirad. Aft FSeRIRTRe of
the psoci dskaloteradtidnd) s depbeedeitdafarbonyDUEalphidé i ¢het he
25 sealing gg 3 %ggge&gggy%géfg@@f%“%éé%éﬁj%¥%dégéE¥n§é£¥grin Example

1, ekcept that damp filter paper (Whatmans No 1, diameter

4.25 cm) was added to each jar before the addition of

10 insects. The results obtained with this series of

experiments with adults and nymphs of Coptotermes
acinaciformis are- recorded in Tables 14 and 15.

Example 6 -~ The effect of carbonyl sulphide on seed

germination
15 To investigate whether carbonyl sulphide affects - the

germination of seeds, grains of Australian standard white
wheat and malting barley were conditioned to 12 per cent
and 16 per cent moisture, as determined by the IS0 air oven
method. The grain samples were each dosed for 24 hours

20 with carbonyl sulphide in concentrations of 0.5 per cent
v/v, 1.0 per cent V/V and 5.0 per cent V/V. At these
concentrations, the corresponding nominal concentration x
time products were 300 mg hours per litre, 600 mg hours per
litre and 3,000 mg hours per litre.

25 In all of these experiments, no effect on seed germination

or vigour was detected. Table 16 records the results
obtained with wheat at 16 per cent moisture content.

Example 7 -~ The sorption of carbonyl sulphide on grains



of airing, the jars were closed with thin plastic material . The assays

were conducted at 25[err]C, 75 per cent relative hum dity. The nunber
of mobile nites was counted at the

- 14 - end of the exposure to the carbonyl sul phide and the
mirtality was assessed after a hol ding period of five days. The
results of these experinents with adult psocids and mtes

(Lepi dogl yphus destructor) are shown in ﬁ?bles 9 and 5 10, with sone of
the information obtained fromthis data “ being included in Table 2.

In a separate experinment, 200 psocids in a glass container wer e exposed
to a dose of 5 ng per litre of carbonyl sul phi de for one hour. At the
end of that p 0

psoci ds were Pﬁ’t;t'%}{ %%‘gdlgé Béghgpb%a}?{sbff#y A‘%qlizgg'cl%%fsaté %o’g?/l hf]?ﬁhl de
in the wheat oandf Chdgiosef |1ige werepBransiggdsout usdng falassfsezrumonyl
sul phi de ongiheg léf &4 ipsewy Iﬂﬁatme shadedqahiphba Qi%@ﬁ%l %f aﬂnﬁey

Bactrocera tyfoni era. Tephritidae) were ,conductedin e sa
manner as the’ %%%é?gr FﬁéWQﬂﬁﬁLP%F%& effg| injection. The mOiSture

5 contents of the grain samples were measured with an

electronic meter (a Marconi meter). The samples of grain
‘were then used to £ill the :vials to levels of,
respectively, 25 per cent, 50 per cent and 95 per cent.
The vials were then held at 25 % 1°C. 'A volume of air equal

10 to the fumigant dose to be used was removed from each vial,
then the same volume of carbonyl sulphide was added to the
vial. The concentration of carbonyl sulphide_was measured
with time and analysed to evaluate the decay of carbonyl
sulphide.

15 An example of the raw data obtained in the course of these
experiments is provided in Table 17. It will be noted that
for a filling ratio of O. per cent (that is, no wheat in the
vial), recoveries 0.25 hour after dosing were 98.4 per cent
of the calculated applied dose. This is a very high level

20 of recovery. The decline in fumigant concentration f£rom
vials containing no grains, after 93.9 hours of testing, in
replicated experiments, was always in the range of from 1.2
per cent to 1.5 per cent, which indicates a high degree of
sealing of the vials. The results obtained from these

25 experiments are consistent with a rapid initial uptake of
some fumigant by the grain, followed by declining residues
of fumigant, in a manner proportional to the amount of
grain in the vial.



stages of stored-product insects in Exanple 1, except that (a) when
usi ng eggs,

wat er was added to each jar for |arvae

the filter paper strips were danp 20 when subjecting the
eggs to a dose of carbonyl sul phi de, and (b) one drop of

prior to the addition of the

| nsect s. The assays with eggs, feeding | arvae and pupae of B.tyroni 25
were conducted at 30[err]C. The results are shown in Tables 11, 12 and
13 for, respectively, pupae, late instar |arvae and eggs of B. tyroni.

- 15 - Exanple 5 - The use of carbegnyl sul phide to contro

termtes

acinaciforms (Froggat) (lsoptera, Rhinotermtidae),

donesti cus
s 8 Ter | expéeimentanwerancendastielde wiadil mesihyrle byumiidies tanidhsect s
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results
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Adult termtes and nynphs of the species Coptoternes
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5 bromide, and slightly more strongly than phosphine. This

10

15

20

25

indicates that carbonyl sulphide may be used for long
exposure fumigation.

Example 8 - The effectiveness of carbonvyl sulphide as a
mould inhibitor
In a test of the effectiveness of carbonyl sulphide as a

mould inhibitor, a number of samples of wheat, containing
31 per cent moisture (w/w, wet basis) were placed in sealed
containers (glass jars). Some containers held only the
wheat sample and air. Other containers held the wheat
sample and air containing from 2.5 per cent to 10.0 per
cent (by volume) of carbonyl sulphide. All of the sealed
containers were kept at 35°C for seven days. After two days
of this storage, some of the wheat in the sealed containers
which held no fumigant was noticeably discoloured. After
seven days, all of the wheat in the containers without
fumigant was discoloured by growth of mould on the grains.
However, no ‘discolouration occurred of the wheat which was
in the containers which also held carbonyl sulphide in
concentrations in the range from 4.5 per cent to 10.0 per
cent (by volume).

Example 9 - Investigation of how the period of exposure

affects the concentration of carbonyl sulphide.

Samples of a mixed culture of Sitophilus oryzae were

exposed to different concentrations of carbonyl sulphide

and 5 Cryptoternes
(Havi | and, | sopt era, Kal oterm ti dae) were exposed to



'Exarrpl e 6 - The effect of carbonyl sul phide on seed germnation 15 To

i nvesti gate whet her carbonyl sul phide affects- the ~germ nation of seeds,
grains of Australian standard white wheat and nmalting barley were
canditioned to 12 per cent and 16 per cent npisture, as determ ned by
the 1SO air oven met hod. The grain sanples were each dosed for 24 hours
20 with carbonyl sul phide in concentrations of 0.5 per cent VIV, 1.0 per
cent V/V and 5.0 per cent V/V. At these concentrations, the

correspondi ng nomi nal concentration x— 1&ite products were 300 ng hours
per litre, 600 ng hours per litre and 3,000 ng hours per litre. 25 In
all of these experinents, no effect on seed germ nation . V\gr_ ;/I g;)ur16was
det ect ed. Table 16 records. the_result obt ai it eat a per
cent noi st uff'grcgﬁférﬁ‘i.s rang g nhremy 6. $oFpt ?gg UWES-h AP uFBRI de
on grains same technique as that described in Exampl&/n 2. 'I‘he(a:I :Si@il‘.@ltgn _
studi es usi i . Aust kal | r I t,e . Wheat . an rose rice
were carri eggo%'?)iﬁgfsr% Jg‘?agjasé£se£r{§%r§'h%\%:a %I}(I)%] s(’:r%\%%%i f‘? %?Biﬁ ,1_%g'achit

equi pped wi ¥hld bapseeni that carbanyil nenlphidevistan peffectivwe contcolon.
The moi SEUr gf £neQni BLELObvkECa Of & do SPERLE So ¥ U dBABLL EfoMb I or

electronic neter (a Marconi neter). The sahples of grain we
used to fPIFidgngangeyof exposunf.Rerigds. -

Example 10 - Investigation of the ugse of carbonyl sulphide
to fumigate soil :
Three samples of soil -~ designated samples A, B and C -

10 were taken from a vegetable garden. Sample A was taken
from a compost heap in the garden. The moisture contents
of the samples A, B and C were, respectively, 29.4 per
cent, 25.8 per cent and 27.1 per cent.

Three glass wvials (jars), each of capacity. 120 mL, were

15 approximately half-filled with soil from each of the
samples A, B and C. Each vial was then fitted with a
"Mininert" wvalve. Carbonyl sulphide was applied to two of
the three vials containing soil from a sample. The third
vial or jar was left untreated, as a control. In addition,

20 1 kilogram of soil from sample B was placed in a glass jar
of capacity 1.8 L, fitted with a 1id having a septum
through which carbonyl sulphide was injected.

All of the jars (that is, the vials of 120 mL capacity and
the 1.8 L jar) were stored at 27°C for 20 hours. During

25 this storage period, the concentration of carbonyl sulphide
in each jar was measured. From the measurements of the
concentration of carbonyl sulphide during the storage
period, the following results were obtained:



respectively, 25 per cent, 50 per cent and 95 per cent. The vials were
then held at 25 1[err]C A volune of air equal 10 to the fum gant dose to
be used was renoved from each vial, t hen the same vol ume of carbonyl

sul phi de was added to the vial. The concentration of carbonyl sul phide
was neasured with tinme and anal ysed to evaluate the decay of carbonyl
sul phi de. 15 An exanple of the raw data obtained in the course of these
experinments is provided in Table 17. It will be noted that for a filling
ratio of O per cent (that is, no wheat. iy the vial), recoveries 0.25
hour after dosing were 98.4 per cent of the cal cul ated applied dose.
This is a very high level 20 of recovery. The decline in fum gant
concentration from vials containing no grains, after 93.9 hours of

testing, in(a) répbi ndhetesxpdtenetls ingectimy of rcdittonyhgeubphidem 1. 2
per cent to 1.5 pRL 8§p§e ‘Q@a@idéﬁgrfg%at‘?cﬁagngh'zghe@ggﬁé ©Pld anS§9bLAgc0!

t he vial s. The resu obf ai ne riments are CONSPSt ent
with a rapid ini VvRdneuppfke6df persopentunefanthey ekcylated fidhitdied by

gfecl i n'igpgi Le?Ldgﬁén\c/:iegl‘&aftli@rga@ndi&@iﬁ@”&efaﬁﬁap%b@aw|of Océi?ﬁoﬁﬁunt
Similar ®xperi mefPdPhdde bynhdhe awigt 9%t hyl broni de and phosphi ne as

the fum gan{b)t ofebbahbuee Rafdsr VEhe OiRje6tion &3t arbbifyY esuiphiaee

shown in Fﬁgure %hedfg¥éycgg 223&5 (on average) 18 per cent of the
calculated initial concentration; and

(c) after 20 hours, the average concentration of carbonyl

10 " sulphide was 5.9 per cent of the calculated initial

concentration.

At the end of the storage period, the lids or caps were
removed and the jars were left open to the air. The
efficacy of the carbonyl sulphide was assessed by comparing

15 the number of nematodes in the controls with those in the
fumigated soils. The results obtained are summarised in
Table 19.

| It is clear from Table 19 +that carbonyl sulphide
effectively removes nematodes from soil.

20 Example 1) - Assessment of carbonyl sulphide as a fumigant

relative to phosphine and methyl bromide

It was noted in the introduction to this specification that
there is no "ideal" fumigant. The sélection of a fumigant
is made by assessing its advantages and disadvahtages. The
25 present inventors have ranked the commonly used fumigants
methyl bromide and phosphine with carbonyl sulphide in
respect of mammalian toxicity, insect toxicity (short and
long exposures), environmental safety and flammability.



sul phide is absorbed nmuch less strongly than nethyl 5 brom de, and slightly

nmore strongly than phosphine. This I ndi cates that carbonyl sul phide may
be used for |ong exposure fum gation. Exanple 8 - The effectiveness
of carbonyl sul phide as a mould inhibitor 10 In a test of the

ef fectiveness of carbonyl sul phide as a nmoul d i nhibitor, a nunber of
sanpl es of wheat, containing 31 per-cant-noi sture (Ww, wet basis) were
pl aced in seal ed containers (glass jars). Sonme containers held only the
wheat sanple and air. O her containers held the wheat 15 sanple and air
containing from2.5 per cent to 10.0 per cent (by volune) of carbonyl

sul phi de. AFPTropache RIEPBYLET, cdnt¥RPeterGSy é‘skeﬁ‘ealbeﬂ Sraking angdyen

days. After3t¢Redi¥sst r@hkihigs strhBeagesuieseogl thiie wbsaksmenitharscaked
cont ai ners f8+¥glch hel d no fum gant was noticeably discol oured. After 20

seven days, Bf*the wheat in the containers without fum gant was

di scol oured by growth of nould on the grains. However, no

di scol oug at red of the wheat i ch S .1.n the containers which
al so heﬁ% cggg%ﬁéﬁggulphide in c&ﬁ%%%%%ﬁ?igﬁgkfhathe range from4.5 per
cent to 10.0 per 25 cent (by | i of

how the period of exposure  maferts thepﬁ8§§ﬁﬂhéatibn of caddidepml

sul phi de. Sanpl es of a m xaheidd ure of Sitophilus oryzagipiide
exposed to different concentrations of carbonyl sul phide

10 Mammalian

toxicity 3 2 1
Insect toxicity -
short exposures 1 3 2
long exposures 2 1 3
15 Environmental
safety 3 2 1
Flammability 1 3 2

The mammalian toxicity ranking was based on TLV values, and
20 the flammability was assessed by reference to flammability
limits in air. Methyl bromide was ranked last in the
category "environmental safety" because of its effect on
the ozone léyer, and cafbonyl sulphide'was ranked above
phosphine in this category because there is an absence of
25 knowledge about the environmental fate of phosphine and
reaction mechanisms of phosphine in the environment.

It is clear that carbonyl sulphide is a viable alternative
to methyl bromide and phosphine as a fumigant. It can be
used for short term fumigation (which is not possible with



- 18 - for periods ranging from6 hours to 168 hours, using the

same technique as that described in Exanple 2. The results of this
series of experiments are shown in Table 18. It will be seen that
carbonyl sul phide is an effective control 5 of this insect over a |large
rrange of concentrations and for a W de range of exposure periods.
Exanpl e 10 - Investigation of the use of carbonyl sul phide to fum gate
soi | Three sanples of soil - designated sanples A, B and C- 10 were
taken from a vegetabl e garden. Sanple Aiwas taken froma conpost heap
in the garden. The npisture contents of the sanmples A, B and C were,
respectively, 29.4 per cent, 25.8 per cent and 27.1 per cent.

Three glass vials (jars), each of capacity 120 nL, were 15 approxi mately
hal f-fi || edpisbhioel) farsin fachlohgt eriodsanpups te B5addyS. or Haghevi a
was then fi Nﬂﬁcﬂ‘ iQ flot posMiEl%eWithV?de‘ﬁxylc%ﬂﬁmﬁefu' pﬁ':dz?n?]e t:hl 1y &Rp! i ed

to two of hree vi al cont al ni ng soi’l froma sarrpl e

vial or jarlﬁaglﬂéfpﬁuﬁHRQEQRF tQ %FEBﬁPFBQiSFﬁ @t ixsgistration ogfam of

soil from saaﬁbenﬁlma%uqlpaﬁaé i ra@ géass;xeﬁr fumabaeapacsﬂduﬂdB be fhtted

vmthadéd ha}(ggy ptum g whi ch car‘éf‘gl i‘ hi de was

i njecte a Flgf%ﬂﬁ¥?%ﬂ§? %hﬁ ereisendn, GHew (P11 3G S Xt§RFLYS and

the 1.8 L jlnpwhedgesadireshdyt dbﬁhmnéd:ﬂegaﬁﬂlﬂgnmarbﬁhylnguzﬁhﬁhes st or age
period, the concentration of carbonyl sul phide in each jar-was neasured.
From t he neasurenents of the concentration of carbonyl sul phide during

t he storage period, the followng results were obtained:



- 19 - (a) two mnutes after the injection of carbonyl sul phide,
t-he concentrati on of carbonyl sul phide had an average val ue of 62
per cent of the calculated initial concentration, indicating a
rapi d uptake of carbonyl 5 sul phi de by the noist soil; (b) five
bours after the injection of carbonyl sul phide, the jars contai ned
(on average) 18 per cent of the - Zal<eulated initial concentration
and (c) after 20 hours, the average concentration of carbonyl 10

sul phide was 5.9 per cent of the calculated initial concentrati on.
At the end of the storage period, the lids or caps were removed and the
jars were |left open to the air. The efficacy of the carbonyl sul phide
was assessed-by conparing 15 the nunbgabak aenmatodes in the controls with
those in the fum gated soils. The results obtained are summarised in
Tabl e 19. Cohtentrdteiaon fx ctindebpeodfictisabfc aelrdajin Sulilgiatkes

ef fectivel y nopyvisedefiarottbe oty lof vadidxangpecids -of\stmsaatst of
car bonyl sul phide as a fum gant rel ative to phosphi ne and net hyl brom de
It was noted in the introduction to this specification that  there js no

"ideal" fum gant. The selection of a fumgant _ is nade by assessing its
advant ages 8%t di sadvant ag&%¥ : Bhyzopertha  Sitophilus Shophirs

dominica  granatius oyzae
Aduits Adults Adults Adults
Insect LCqs LCos LCq LCqs
Fumigant 6 h.21°C 6 h.21°C 5 h.25°C 6 h.21°C
Acrylonitrile 8.4 8.4 11.0 10.8
Carbon disulphide ' 408.0 294.0 325.0 3000
Carbon tetrachloride - - 495.0 220.0
Chioropicrin 18.2 15.6 150.0 23.4
Ethylene dibromide 19.2 37.2 345 60.0
Ethylene dichloride 4620 636.0 230.0 738.0
Ethyiene oxide 60.0 69.6 36.0 62.0
Hydrogen cyanide 7.2 15.6 67.5 60.0 (LDgo)
(HCN) 5 h 25°C
Methyl bromide 40.8 33.0 28.0 30.0
. ' (LD)
Phosphine 0.96 0.6 1.01 0.36
{24 hr exposure {LDg) (LDgo) {LDy,)

27°C) _
Suiphuryl fluoride - - 17.5 -




25 present inventors have ranked the comonly used fum gants met hyl

brom de and phosphine with carbonyl sulphide in respect of mammali an
toxicity, insect toxicity (short and | ong exposures), environnental
safety and flanmability. - 20 -
For each paraneter, 1 was taken as the best ranking and 3 the worst
ranking. The results of this assessnent are as fol | ows: 5 Paraneter
Rel ati ve ranki ng Met hyl Phosphi ne

Car bonyl brom de _ 23 sul phide 10
Mamal i an toxicity 3 "2 1

I nsect toxicity - short exposures 1 3 2
| ong exposures 2 1 3 15 Environnent al
-gafety 23 2 fTable 1 (contlinued) Flammability

Concentration x time products of certain fumigants
required for the control of various species of insects

. lnsect Tenehrojdes Tibofitim Idbolium  Irogoderma
) mauritanicus confissum castaneum  granarium
Larvae Adults Adults Larvae
Fumigant 5 h.21°C 5 h. 25°C 6 h.24°C 8 h.21°C
. Acrylonitrile 40.0 19.5 - ) 48.0
Carbon disulphide 828.00 560.00 - '696.0
- Carbon tetrachloride 400.00* 025.0 600.0 .-
Chloropicrin 56.00 57.5 14.0 96.0
Ethylene dibromide 125.00 31.0 20{D,) - 80.0
4h 27°C
Ethylene dichlodde 1728.0 365.0 462.0 2080.5
Ethylene oxide . 1758.0 127.5 135.0* 176.0
5 h. 25°C
_ Hydrogen cyanide 66.5 5.55 2.4 (LD,,) 28.4
{HCN)
Methy! bromide 115.0 64.0 62.0 (LD, 136.0
) h. 27°C
Phosphine : 5.0 0.48 1.5 331.0
{24 bhr exposure approx. 100% mont.
27°C) 72 h 21°C
Sulphuiyl fluoride 815 - 55.0 - -

10y ™



The manmalian toxicity ranking was based on TLV val ues, and 20 the
ftammability was assessed by reference to flammability limts in air.
Met hyl brom de was ranked last in the category "environnmental safety"
because of its effect on t he ozone | ayer, and carbonyl sul phide was
ranked above phosphine in this category because there is an absence of
25 know edge about the environnental fate of phosphi ne and reaction
mechani snms of phosphine in the environnent. It is clear that carbonyl
sul phide is a viable alternative to met?dl-Dbromi de and phosphine as a
fumgant. It can be used for short termfum gation (which is not
possible with - 21 - phosphi ne)
and for long periods - up to 35 days or re (which is not possible with
met hyl bromde). In addition, it mﬁlngglgpaarent to ent onol ogi sts' that
regi stration of I | phi ! ' 10 ul.d be g 5
relatively i nexpen‘glgg\fgggx r%#gg:%rg)%&ﬁéw%&i%d ex en‘gﬁ%@at&gkﬁ%‘ﬁ &dg&s

al ready obtai ned regardi ng carbonyl sul phide.

Species - Stage Exposure Temperature LCy Minimum
) ¢C effective
tested dose

mghLl™") (mghL™

8. dominica adult - 6 25 38 - - 68.7

T._castaneum ' 8 25 82 108
24 297

S, onyzae 6 25 99 112
24 264 )

Q. surinamensis 6 25 198 240
24 30 240

1. confusum 25 111 146

L. destructor 6 27 120
24 240

psocids .

[L._bostrychophiius) : 6 25 22.5

I _castaneum pupae 6 30 290 360
24 30 490 600

E. cautella 24 27 480

B. tyroni 6 27 360
24 27 440 600

T. castaneum larvae 6 25 270 300
24 30 480

E. cautella 6 30 240
24 410 480

Q. swrinamensis 6 210 300

B. tyroni 6 27 180

24 27 360




- 22 - Table 1 Concentration x
tijoe products of certain fumgants required for the control of various

speci es of insects | nsect Oryzsephi | us Rhyzopert ha

Sitophilus Sitophilus suri nanensi s dom ni ca

granari us oryzae Adul ts Adul ts Adul ts

Adul ts | nsect L err] - err] L err] L err]

Fum gant 6 h.21[err]C 6 h.21]err]C 5 h.25[err]C 6

h.21[err]C Acrylonitrile 8.4 8.4 11.0

10. 8 Carbon di sul phi de 408. 0 294.0 325.0 300.0

Carbon tetrachl oride - - 495.0 220.0

Chl oropicrin 19.2 15.6 150.0 23.4 Et hyl ene

di brom de 19. 2 37.2 34.5 60. 0 Ethylene

dichloride 462.0 636. 0 TaleS@ ¢continued)738. 0 Et hyl ene oxi de

60. 0 69. 6 . 36.0 0  Hydrogen cyanide 7.2

15. 6 67. 5 Toxicity gf GaFE’BPé’rlr ]gul(gng} to insects and mites

5 h 25[err]C Methyl brom de 33.0 28.0

30.0 :

(LD[err]) Phosghi . 0.6 1.01 .

0.36 (24 hr ex%%%%rge (Eﬁfer r]y oasre Iff@eéarufrf) LCes Minimum

(LD[err]) 27[err]C) ® effactive
tested dose

mghLl™) (mght™

B. dominica eggs 0-1d 24 30 145 192
6 102 144

2-3d 24 144

4-58 24 T 120

I _castaneum 0-1d 24 520 600
6 430 480

48 . 360

Q. surinamensis o-1d 24 495 600
6 420

B._tyroni 2-8h 24 480 600
E. _cautella 0-1d 24 600
6 720

S. oryzae 0-1d 24 600




Sul phuryl fluoride - 17.5

-723 - Tabl e 1 (continued) Concentration
x time products of certain fumgants required for the control of various
speci es of insects | nsect Tenebr oi des Tribolium
Tr ogoder nma Tr ogoder nma maurt ani cs confusum
castaneum - granarium Larvae Adul ts
Adul ts Larvae | nsect L err] L err]
L err] L err] Fum gant -~ 26 -5 h.21]err]C 5 h.25[err]C 6
h.24[err]C 8 h.21C Acrylonitrile 40. 0 19.5
48. 0 Car bon di sul phi de 828. 00 560. 00 -
696 O Carbon tetrachl oride 400. 00* 025.0 600. 0
Chl oropicrin 56. 00 57.5 14.0 96.0
Et hyl ene di brom de 125. 00 Table 31.0 22. 0( LD[err]) 80.0
4 h.27[err] C Ethyl ene dichloride 1728.0 365. 462.0
2080.5 Ethyl ene oxigdhtrol of immbAurkk stages of ﬁ27d5minica 135. 0**
176.0 at 25°C or 30°C after 24h exposure 5 h.
25C
Time after Dose Temp No. emerging in % reduction
. dosing before (°c)
emergence
(days)
Low High Control Low High - Low High
{mg L‘1) dose dose cose dose
0-7 8 16 25 0 0 0 - - -
7-14 8 16 85 0 0 100 100
14-21 284 12 0 85.9 100
21-28 343 3 0 99.1 100
28-35 360 4 4] 98.8 100
0-35 1092 19 o 98.3 100
0-7 15 45 25 77 4 o 94.8 100
7-14 121 15 o 87.6 100
14-21 123 4 0 86.7 100
21-28 828 2 0 99.8 100
0-28 1249 25 0 98.3 100
0-7 8 24 25 0 0 0 - -
7-14 69 0 0 100 100
14-21 ' 284 8 0 87.2 100
.21-28 253 11 0 95.6 100
28-35 184 6 0 95.7 100
7-35 790 25 0 96.8 100
0-7 8 25 30 14 1 o 92.8 100
7-14 284 24 0 30.9 100
14-21 234 6 0 97.4 100
21-28 265 2 0 99.2 100
0-28 797 33 0 95.9 100
0-7 8 25 25 131 29 0 77.9 100
7-14 265 84 1 68.3 99.6
14-21 244 38 0 84 .4 100
21-28 240 20 1 91.7 99.6
38-35 252 33 0 86.9 100
7-35 1132 204 2 82.0 99.8
0-7 8 25 25 298 22 0 92.7 100
7-14 301 47 0 84.4 100
14-21 385 15 0 96.1 100
21-28 294 6 0 98.0 100
28-35 380 7 0 98.1 100
0-28 1658 97 0 94 .1 100




Hydr ogen cyani de’
(HCN) Methyl brom de
(LD[err]) 136.0

h. 27[ err] C Phosphi ne
331.0 (24 hr exposure
nort. 27[err] C
21[ err] C Sul phuryl fl uor

- 24 -

66. 5
115.0

5.0
appr ox.
i de
*LD[ err]

81.5

5.55

64.

Table 2

carbonyl sul phide to insects and ni feé? - Speci es

Exposur e Tenper at ure L err] M ni mum
(h) ([err] O effective
tested dose

L[err]) (mg h L[err]) B. domnica adul t
38 68.7 T. castaneum 6
82 108 Table 4 24 ’

2.4 (LDerr]) 26. 4
0 62.0
0. 48 11.5
' 100%
72 h
55.0 -
**LDjerr]
Toxicity of
St age
(ng h
6 25
25
297

. Effect of increasing the exposure period,
to a single dose, on immature stages of R. dominica

Time after

% reduction

Dose Exposure No. emerged

dosing before (mg L-1) period
emergence

(days)

: Short . Long Control Short Control long Short  tong

{h) (h) (short) dose (long) dose dose cose

0-7 25 6 24 24 3 14 0 87.5 100
7-14 164 28 284 0 82.9 100
14-21 181 11 234 0 893.9 100
21-28 169 5 265 0 97.0 100
28-35 180 7 355 1 96.1 99.7
0-35 718 54 1152 1 92.4 99.91
0-7 8 24 48 131 29 298 22 77.9 92.7
7-14 265 84 301 47 68.3 84.4
14-21 244 38 385 156 84.4 96.1
21-28 240 20 294 6 91.7 98.0
28-35 252 33 380 7 86.9 98.1
0-35 1132 204 1658 97. 82.0 94 .1
0-7 25 24 48 131 0 298 0 100 100
7-14 265 1 301 0 99.6 100
14-21 244 0 385 0 100 100
21-28 240 1 294 0 99.6 100
28-35 252 0 380 0 100 100
0-35 2 1658 0 39.8 1900

1132




S. oryzae 6 25 99 112

24 264 O surinanmensis 6
25 198 240 24 30
240 T. confusum 6 25 111 146
L. destructor 6 27 120
24 240 psocids (L. bostrychophil us) 6
25 22.5 T. castaneum pupae 6
30 290 360 - 28 - 24 30
490 600 E cautella 24 27
480 B. tyroni 6 27 360
24 27 440 600 T. castaneum | ar vae
6 25 270 300pable 5 24
30 480 E. cautella 6 30
240 Control of immdéture stages of S. oryzaell 480
Q surinanmensis at 25°C or 30°C after 24H exposurdll 300 B.
tyroni 6 27 180
24 2 366 - < -
- 25 L pterval Doss Tempanl e 2 N SMEr9RTd) To W90 of
car bonyl suﬁﬁb&ﬁ;QO i nsects and|[#Ttds
. Low High Control lowdose High = Low High
mg L1 _ dose dose dose
0-7 24 48 25 24 . 6 0 75.0 100
7-14 : 136 34 3 76.1 97.8
14-21 ' 106 5 0 95.3 100
21-28 . . 102 38 0 62.7 100
28-35 §5 59 0 -7.3 100
7-35 , _ 423 142 3 66.4 99.3
0-7 15 45 25 79 79 49 0 38.0
7-14 65 73 26 -12.3 60.0
14-21 236 183 8 22.4 96.7
21-28 1424 778 202 45.3 85.8
0-28 1804 1113 285 38.3 84.2
0-7 24 "64.5 25 0 0 0 - -
7-14 69 0 0 100 100
14-21 284 8 0 97.2 160
21-28 253 11 0 95.7 100
28-35 184 6 0 96.7 100
0-35 7980 25 0 96.8 100
0-7 25 66 30 2 1 0 50 100
7-14 156 76 38 49.3 74.6
14-21 139 ‘38 30 72.7 78.4
21-28 147 12 13 91.8 g91.1
28-35 107 40 12 62.6 88.8
0-35 545 169 a3 69.4 82.8
0-7 25 66 25 131 25 0 80.9 100
7-14 . 265 67 7 74.7 g7.4
14-21 244 4 0 98.4 100
21-28 240 4 0 gg8.2 100
28-39 252 16 0 83.7 100
0-35 1132 i16 7 89.8 gg.4




Speci es St age Exposure Tenperat ure LC[err] M ninmm

(+h) ([err] O ef fective

tested dose (mg h
L[err]) (mg h L[err]) R domnica eggs 0-1d 24 30

145 192 6 102
144 2-3d 24 144
4-5s 24 120 T. castaneum 0-1d
24 520 - B0 6
430 480 48

360 O. surinanensis 0- 1d 24 495 600
6 420 B. tyroni 2-8h 24
460 600 E. cautella 0-1d 24

600 6 720
S.oryzae 0-1d 24 ) 600

- 26 - Table 6

Effect of inéreasing the exposure period,
to a single dosage, on the immature stages of S. oryzae

Interval Dose Exposure No. emerged % reduction
atter (mg L-1) period

dosing :

(days)

Short tong Control Short Control Long Short Long
(h) (h) (shor) dose (long) dose dose tose

0-7 66 6 24 22 2 .2 0 80.9 100

7-14 143 48 150 38 66.4 74.6
14-21 152 14 139 30 90.8 78.4
21-28 151 17 147 13 88.7 g1.1
28-35 82 65 107 12 20.7 88.8
0-35 550 146 545 93 73.4 82.9
0-7 66 24 48 93 0 40 0 100 100

7-14 136 7 70 10 94.8 85.7
14-21 _ 82 0 60 0 100 100

21-28 70 0 53 0 100 100

28-35 74 0 167 0 100 100

0-35 454 7 380 10 99.5 97.4
0-7 25 24 48 93 25 40 49 73.1 -22.5
7-14 135 67 70 25 50.3 64.2
14-21 82 -4 60 2 95.1 96.7
21-28 70 4 53 7 94.3 86.7
28-35 . 74 16 167 45 78.4 73.1
0-35 : 454 118 390 128 74.3 67.2




Tabl e 3

Contr ol

i mmat ure stages of R dom nica

at 25[err]C or 30[err]C after 24h exposure Tinme after Dose Tenp
No. energing in % reduction dosing before ([err] O _
energence  (days) Low Hi gh Control Low Hi gh
Low Hi gh (mg L[err]) dose dose L[err])
dose O0-7 8 25 0 0 - - 7-14

8 16 95 0 0 100 100 14-21

294 12 0 95.9 100 21 -28- 30 -~ 343 3
0 99.1 100 28-35 360 4 0

98.8 100 0-35 1092 19 0 98.3 100
0-7 15 45 77 94.8 100 7-14

121 15 0 87.6 100 14-21 123 4
0 96.7 100 21-28 Table .7 928 2 0

99.8 100 0-28 ab29 249 25 0 98.3 100
0-7 8 9 9 7-14

69 0 0 ) § c%i% f sing the exposure period, 4 8
0 97.2 169 31-853 e aokiyet’ ﬁthe immature gtages of 5. offiae o
100 28-35 184 6 0 95.7 100 7-35
190 0 25 |ntenddi Be8 100 Und. emerged aftér exposure één%d8 430 anti@r No. 0

aft&ZdBinglOfng -4y

90.9 100 14da¥s) 6 0 97. 4
21 -28 6265 24 2 48 99.2 100 0-28
797 33 0 95.9 100 0-7 - {(h) 25 25 131
29 0 77.9 - 100 7-14 265~ 84
68.3 99.8-74-21 60 0 0 2440 38 0 0 184. 4
100 21-28 240 1 91.7 99.6
38-35 7-14 12 033 8 8?9 100 #535
1132 2o§14 0q 2 82.0 99,8 0 o 0 178
21-28 27 0 0 0 119
28-35 40 1 0 0 58
0-7 91 0 . 0 0 2
7-14 13 - 1 0 84
14-21 10 - 0 0 139
21-28 13 - 0 0 97
28-35 38 - 0 0 60

100



0 -7 8 25 25 298 22 0 92.7 100 7-14

301 47 0 84.4 100 14-21 385

15 0 96. 1 100 21-28 294 6 0
98. 0 100 28-35 380 7 0 98.1 100
0-28 1658 97 0 94.1 100

- 27 - Tabl e 4 Ef f ect of

i ncreasi ng the exposure period, to a single dose, on i mmature stages of
R dom ni ca 1 - %
reduction Tine after Dose ExposDr% No. energed dosing
before (ng L[err]) peri od energence (days) Short
Long Control Short Control Long Short Long (h) (h)

(short) dose (long) dose dose dose

Table 8

Comparison between carbon disulphide (CS,),
ethyl formate (EtF) and carbonyl sulphide (COS)
in single dosing of wheat for 24h at 25°C

interval Species Dose No. emerged in % reduction
after dosing mg b1
(days)
Control - CS2 EtF CSs2 EtF O0RA
0-7 S. oryzae 24 59 11 54 81.4 8.5
7-14 _ 266 102 226 61.7 15.0
14-21 205 29 187 85.9 8.8
21-28 131 19 155 85.5 -18.3
28-35 66 49 42 25.8 36.3
0-35 727 210 664 71.1 8.7 80.62
0-7 42 118 11 80 90.6 32.2
7-14 194 61 147 68.6 24.2
14-21 125 24 96 80.8 24.8
21-28 118 2 35 98.3 70.3
28-35 92 6 33 93.5 64.1
0-35 647 104 391 83.9 65.4
0-7 R. dominica 8 126 107 128 15.0 -1.6
7-14 630 423 516 32.8 18.1
14-21 421 357 488 156.2 15.9
21-28 . 527 326 302 38.1 42,7
28-35 267 274 284 -2.6 -6.3
0-35 1971 1487 1718 24.5 12.8 g3.2b
0-7 156 186 144 157 22.6 15.6
7-14 270 175 285 35.1 -5.58
14-21 265 231 245 12.8 7.5
21-28 . -290 150 116 48.2 63.4
28-39 244 116 95 52.4 61.1
0-35 1255 816 898 35.0 28.4 gg.3C
a Mean of 4 replicates at this dose
b. Mean of S replicates at this dose

c. One replicate al this dose



0-7 25 6 24 24 3 14 0 87.5 100 7-14

164 28 284 0 82.9 100 14-21 181 - 1
1 234 0 93.9 100 21-28 169 5 265
0. 97.0 100 28-35 180 7 355 1 96.1
99.7 0-35 718 54 1152 1 92.4 99.91
0-7 8 24 48 131 29 32298 22 77.9 92.7 7-14
265 84 301 47 68. 3 84.4 14-21 244
38 385 15 84.4 96.1 21-28 240 20 294
6 91.7 98.0 28-35 252 33 380 7 86.9
98.1 0-35 1132 }: L0 1658 97 82.0 94.1 0-7
1
25 24 48 131 0 298 100 100 7-14
265 1 301 ToxJ‘Q:ity990§ céggo$§12$ulph1de to adult psocids 244 0
385 0 100 100 21-2Briposcelis bostrychophilusid40 1 294
0 99.6 100 28-35 _ 252 0 380 0 100
LSt Temperature  Exposure -~ ~Dose _ - r@ﬂ%‘?ta!ity Y TCotrectec
- 28 - oc period h L_1Tabl e o LyroI of
| mmat ur e st ages 61¢)s, Or yZagy (mg Y at 25[err]C or 3 qr,on after
24H exposure I nt erval Dose Tenp No. energed'in %
reduction after dosing ([errIreated  Control
{a)
30 6 5.4 287200 0/200 14.0

10.8 100/200 50.0

22.5 200/200 100

45 2007200 100

24 180 200/200 57200 100
{a) Numbers estimated
Table 10

Toxicity of carbonyl sulphide to adults
of L. destructor

Temperalure  Exposure Dose Mortality Corrected
(°C) period (mg h L) mortality
{(h) (%)

Treated Control
(a)

25 6 120 43/43 10/135 100
24 360 35/35 3/53 100
240 2417241 7/167 100

120 339/340 99.7




(days) Low Hi gh Control Low dose High Low Hi gh

ng' L[ err] dose dose dose 0-7 24
48 25 24 6 0 75.0 100 7-14
136 34 3 76.1 97.8 14-21 : 106
5° 0 95.3 100 21-28 102 38
0 62.7 100 28- 35 55 59 0
-7.3 100 7-35 423 142 3 66. 4
99. 3 0-7 15 45 25 _ 4,79 79 49 0 38.0
7-14 65 33 26 -12.3 60. 0 14-21
236 183 8 22. 4 96. 7 21- 28 1424
778 202 45. 3 85. 8 0- 28 1804 1113
285 38.3 84.2 0-7 24 64.5 25 0 0
0 - - 7-14 69 0 -0
100 100 14-21 284 8 0 97.2
100 21-28 rab12231 11 0 95.7 100
28-35 184 ~%6 0 96.7 100 0- 35
790 25 - 6 2
1 0 gaxgciféro%q:‘ %ar}go%%l._ sul&xide to ?éjpae of é. ggni 76
38 49.3  74.6 14-21 139 38 30
72. 7 78. 4 Temperafiw@8 Exposure Dose Maptality 12 Cpgect_ed 91.8
91.1 28- 3§9C) period  (mg h L-1) 107 40 12 moghalgy 88.8
0- 35 (h} 545 169 93 69. 4 82.0%) 0-7
25 66 25 131 25 0 80.9 100 7-14
265 67 . 7 74.7 97.4 14- Jeated Control 244
4 0 Q8.4 100 21.28 , 240 4
0 98.2 186 28-#H.. - - .600  40/40 - AYAO 180 0
93.7 100 0- 35 _ . 360 64188 116 {00 898
99. 4 .

300 55/60 91.7

240 33/60 55.0

180 11/80 13.8

24 600 40/40 0/40 100

540 59/60 98.3

480 59/60 98.3

420 71/80 88.8

366 32/60 53.3

300 5/55 g.1




- 29 - Tabl e 6 Ef f ect of

i ncreasi ng the exposure period, to a single dosage, on the imuature
stages of S. oryzae I nt erval Dose Exposur e No. energed
% reduction after (ng L[err]) period dosing (days) Shor t
Long Control Short Control Long Short Long (h)y (h)
(short) dose (long) dose dose dose T 66 6 24 22
2 2 0 90.9 100 7-14 143 48 150 38
66.4 74.6 14-21 152 14 139 30 90. 8 78. 4
21-28 151 17 147 13 88.7 91.1 28-35
82 65 107 12 20. 7 88.8 0-35 : 550 146
545 93 73.4 82.9 0-7 66 24 48 93 0 40 0
100 100 7-14 Tlgg 12 7 70 10 94.8 85.7
14-21 82 0 *2°s%® 0 100 100 21-28
70 0 53 Toxiig-sy égocarb%gglzéhi%hide to laﬁoe insta,r 1 74ae 0
167 0 100 0-35 of B. tvroni 4 k190 10
99.5 97.4 0-7 25 24 4% Z53YEBE 40 49 731 -22.5
7-14 135 7 70 25 50 3 64 2 14-21
82 4 cemperatupe  BEposure 96, 7 Opge 28 Mortality Cpgected 4
53 7 94.%°C)86.7 2Berim  (mg h L) 74 16 MWertalitys
78.4 73.1 0-35 (h) 454 116 390 128 74%) 67.2
Treated Control
30 24 600 60/60 2117 100
360 60/60 100
120 13/31 37.1
6 360 60/60 100
120 15/78 12.6
24 240 4/36 - T
180 9/38 - _
6 240 37137 18147 100
210 34/34 100
180 33733 100
150 32/383

120 41/50




- 30 -

| mcreasi ng the exposure period,
stages of S. oryzae

peri od
6-

60

1

0

0

58 O0-7
13

| nt er val

Dose

Table 7
to a single dosage,

No.

Ef f ect of

on the i mmture
energed after exposure

Control No. after dosing (mg L[err]) (days)
24 48 72 (h) 0-7
0 0 0 0 1 7-14
0 0 0 85 14-21 15
0 0 178 21-28 _ 35 27 0
119 28-35 40 1 0 0
91 0 - 0 0 2 7-14
- 1 0 84
Table 13
Toxicity of carbonyl sulphide to eggs of B. tyroni
Age Temperature Exposure Dose Mortality Corrected
(d) (°C) period  (mg h L-1) mortality
{h) (%)
Treated Control
0.08-0.3 - 30 24 600 116/116 23/111 100
540 130/133 97.1
480 80/92 97.3
420 80/104 70.9
360 92/112 77.5
180 60/515 17/23¢ 4.9
240 1017401 19.5
300 356/521 65.9
6 240 265/407 17/343 63.2
360 373/399 93.1
480 5177521 899.18
600 450/452 99.53
6 720 483/484 171285 99.73
870 118/126 81/327 83.3
180 198/336 45.4
150 1227349 13.5




14-21 10 - 0 0 _ 139 21-28
18 - 0 0 97 28-35 38
- 0 0 60
31 - Tabl e 8 Conpari son
bet ween carbon di sul phide (CS[err]), ethyl formate (EtF) and
car bonyl sul phi de (COS) i n_sggglLe dosing of wheat for 24h at
25[err] C I nt erval Speci es Dose No. energed in %
reduction after dosing ng L[err] (days)
Control CS2 EtF CS2 EIF CCS[err] 0-7 S.oryzae 24
59 11 54 81.4 8.5 7-14 266 102
226 61.7 15.0 14-21 Table 14 205 29 187 85.9
8.8 21-28 131 19 155 85.5 -18.3 28-35
66 49 42 ToRicRty306f3 carbonyl sulphide to adults
of Coptotermes acinaciformis
Temperature  Exposure Dose Mortality Corrected
(°c) period {mg h L) mortality
(h} (%)
Treated Control
(a)
25 24 . 80O 165/165 0/100 100
i 288 110/110 100
192 0/165 o
6 120 117113 9.7
96 3/110 2.7
Table 15
Toxicity of carbonyl sulphide to nymphs
of Coptotermes acinaciformis
Temperature  Exposure Dose Mortality Corrected
(°C) period (mg h L'T) mortality
{h) . (%)
Treated Control
(a)
25 24 600 30730 0/30 100

182 06/30 0




0- 35 727 210 664  71.1 8.7 80.6[err]

0-47 42 118 11 80 90.6 32.2 7-14
194 61 147 68.6 24.2 14-21 125 24
96, 80.8 24.8 21-28 118 2 35 98. 3
70.3 28-35 92 6 33 93.5 64.1 0-35
647 104 391 83.9 65.4 0-7 R domnica 8 126 107
128 15.0 -1.6 7-14 630 423 516 32.8
18.1 14-21 421 37 357 488 15.2 15.9 21-28
527 326 302 38.1 42.7 28-35 267 274
284 -2.6 -6.3 0-35 1971 1487 1718 24. 5
12.8 93.2[err] 0-7 15 186 144 157 22. 6
15.6 7-14 270 175 285 35.1 -5.5 14-21
265 231 245 12.8 7.5 21-28 290 150
116 48.2 63.4 28-39 _ 244 116 95 52.4
61.1 0-35 1233 p1e 898 35.0 28.4
98. 3[err] a Mean of 4 replicates at this dose b. Mean of 5
replicates at thisg@egetCor ABIRA ISP hfde (dh Sgébfenation
32 - of wheat of 16.0% tndisture dewtenty of carbonyl
sul phide to adult psocids
Concentration % Germination
%, VIV
First count Final count
(4 days) (10 days}
o 85 a0
90 91
87 87
0.5 93 96
g1 93
1.0 93 93
89 g2
5.0 89 93

93 93




Vortal i
nortal i
Tr eat ed
5 4
50.0

45

5/ 200
Table 1
of L. d
Correct
nortal i
Tr eat ed
120

3/ 53

(Li poscelis bostrychophilus) Tenperature Exposure Dose
ty Corrected ([err] O peri od (mg h L[err])
ty (h) (9
Contr ol . (a) 30 6
28/ 200 0/ 200 14.0 10. 8 100/ 200
22.5 200/ 200 100
200/ 200 100 24 180 200/ 200
100 (a) Nunbers estiraBad-
0 Toxicity of carbonyl sulphide to adults
estructor Tenperature Exposure Dose Mortality
ed ([err] O peri od (myg h L[err])
Y Cont r ol (a) 25 % 6
ntro a
43/43  10/135 100 Table 17 54 360 35/ 35
100 Raw data for absorption of carbonyl sulphide
on wheat of 11.7% moisture content, at 25°C,
and at initial concentrations of 48-52 mg L'
* - Time after Concentration for degree of fill
dosing (h) (mg LN
0% 25% 50% 95%
Applied . 45.0 44.9 } 47.7 47.5 | 49.2 48.4 | 52.2 515
.0.25 44:3° 44.2 |45.7 45.6 | 45.9 45.7 | 46.4  46.0
- 0.75 _44.8 44,8 | 45.4 45.2 43.6 43.5 44.9 44.8
1.28 44.9 44.3 45.0 45.0 42.0 41.8 43.6 43.5
3.35 44.5 44.5 43.5 43.3 40.7 40.2 40.3 3%.8
21.7 44.8 44.9 43.1 43.0 37.0 36.6 30.8 30.6
27.5 44.8 45.0 44 1 44.0 36.8 36.8 28.5 29.3
42.5 44.7 44.0 41.2 41.3 35.4 35.2 24.5 24.5
50.0 44,0 44.0 | 40.5 40.6 | 33.6 33.8 |22.2 22.0
68.3 43.7 43.7 39.0 39.1 33.1 33.1 t7.8 17.7
73.5 43.7 43.0 39.7 38.7 32.5 - 32.5 16.7 16.6
93.9 43.8 43.9 3_7_._(_) 37.1 31.1 30.8 13.4 13.3




240 241/ 241 71167 100 120 339/ 340

99.7 - 33 -
Tabl e .11 Toxicity of carbonyl sul phide to pupae of B. tyron
Tenperature Exposure Dose Mortality Corrected ([err] O
period (ng h L[err]) nortality (h
(% Tr eat ed Contr ol 30 6
600 ° 40/ 40 0/ 40 100 360 60/ 60
100 300 SYPHA 91.7
240 33/ 60 55.0 180 11/ 80
13.8

Table 18

- - -Toxicity of carbonyl sulphide to a mixed culture of
S. oryzae with various concentrations of carbonyl
sulphide for wvarious exposure periods

Days Number of insects emerging from culture
after : for exposure- (in hours) x concentration

dosing (in mg L) :

6 x 200 - 6 x 120 24 x 80 24 x 60

.7 o 3 0 0
14 3 5 0 0
21 0 2 o 0
28 0 3 0 0
35 2 6 0 0

Table 18 (continued)

Toxicity of carbonyl sulphide to a mixed culture of
S. oryzae with various concentrations of carbonyl
sulphide for various exposure"periods

Days Numbexr of inéects emerging from culture

after for exposure (in hours) x concentration
dosing (in mg L)

48 x 60 48 x 40 48 x 30  Control

7 0 0 0 8
14 0 ) 2 93
21 0 o o 87
28 0] o 0 36
35 0 o 0 36




24 600 40/ 40 0/ 40 1 00 540

59/ 60 98. 3 480 59/ 60

98. 3 : 420 71/ 80 88.8

366 32/ 60 53.3 300 -5/ 55
9.1 - 34 -

Tabl e 12 Toxicity of carbonyl sul phide to late instar |arvae

of B. tyroni Tenperature Exposure Dose Mortality Corrected
([err] C period (ng h L[err]) - 40 - nmortality

(h) . 9

Treat ed Contr ol 30 24 600 60/ 60 2/ 17 100
360 60/ 60

M%%ble 18 (continued)

Toxicity of carbonyl sulphide to a mixed culture of
S. oryzae with various concentrations of carbonyl
sulphide for various exposure periods

Days Number of insects emerging from culture
after for exposure (in hours) x concentration

dosing (in mg L)

72 x 40 72 x 30 72 x 20 168 x 30

7 0 0 o ¢
14 0 ¢ 3 0
21 0 0 1 0
28 0 0 0 0
35 0 0 3 0

Table 18 {(continued)

Toxicity of carbonyl sulphide to a mixed culture of
S. oryzae with various concentrations of carbonyl
sulphide for various exposure periods

Days ' Number of insects emerging from culture
after for exposure (in hours) x concentration
dosing " {in mg L)
168 x 20 . . 168 x 10 Control
7 0 1 8
14 o 0 93
21 0 1 87
28 o 36 36
35 0 27 36




120 13/ 31 37.1 6 360 60/ 60

100 120 1 5/78 12.6

24 240 4/ 36 - - 1 80

9/ 38 - - 6 240 37/ 37 18/ 47
100 210 34/ 34 100

180 33/ 33 100 ~ 41 - 150 32/ 33

120 41/ 50 - 35 -

Tabl e 13 Toxicity of carbonyl sul phide to eggs of B. tyroni Age
Tenper at ure Exposure Dose Mortality Corrected (d)

([err] O period (nmg h L[err]) Table 19 nortality.

(h) (9

Control of nematodes in soil with carbonyl sulphide

Soil Quantity Calculated % kill of
Sample - (grams) concentration nematodes
of COS(mg L)

Al _ 30 28 42.6
A2 30 280 89.5
A control . ; 0
Bl 39 28 ' 54.4
B2 38 560 37.8
B3 1000 _ 28 94.0
_B control : R o
Cl 40 140 7
Cc2 40 28 28

C control - ) ' o 0




Treated Conttol—6-08-6-73 24 600 116/ 116 23/ 111

0 540 130/ 133 97. 1
sso ooz | YRR IHHI 3 320

80/ 104 360 92/ 112
77.5 180 515 ..17/239 4.9
240 101/ 401 19.5 - 42 - THIS SHEET HMAS BEEN 300
356/ 521 crnaTMs 65. 9 6 REPLACE@,?’Q,\,\ 265/ 407
17/ 343 63 2 . JOU PO ) prw) e pv

93. 1 1. Use of carbonyl sulphidgms a Hnpidgxit for the con®fol9
600 450/ 453f insects, ndhtvlles, moulds or mites. 6 720
483/48é 17/ 285 99. 73 870 118/ 126
81/ 327 93.3 180 198/ 336

45. 4 2. Use according to claim 30, in WR2¢B4the carbonyl 13.5

- 36 -

sulphide includes a diluent gas.

3. Use according to claim 2, in which the diluent gas is
10 selected from the group consisting of air, carbon
dioxide and a flammability inhibitor.

4. A method of fumigating a stored product, timber, soil
or a space liable to infestation by insects,

15 nematodes, mbulds or mites, said séored product
including grains and other durable foodstuff, and
fruit and other perishable foodstuff, said method
comprising applying a dose of carbonyl sulphide to the
stored product, timber, soil or space.

20 :

S. A method as defined in claim 4, in which a stored
product is fumigated, the stored product comprises
grain or other durable foodstuff, and the dose of
carbonyl sulphide is applied for a period in the range

25 of from 1 hour to 35 days, at a concentration that is
sufficien; to control selected food pests.

6. 2 method as defined in claim 5, in which the control
comprises achieving a mortality of 95 percent,
30 and in which .
(a) when the selected food pest is adult Rhyzopertha

dominica at 25°C, the dose comprises at least 38
mg h. L*;

(b} when the selected food pest is adult Tribolium
castaneum at 25°C, the dose comprises at least 82
mg h. L™;

This Sheet Has Been

[ uﬁn




Table 14 Ftoxicity of carbonyl sulphide to adults

of * Cont ot er nes Tenperature Exposure Dose
Mortality ,mﬂmtl lﬂl’j "‘arr]C) peri od i (mg h L[err])

nortality (%

Treat ed Control THiS s:EE!EgAG S)BEEN 25 24
600 165/ 165 0/ 100 110/ 110
100 192 0/ B65 - 0

6 120 (cﬂl/dﬂ3n the selected Podd pest is adult SltO hllus 96
3/ 110

Toxi city of carbonyl %tﬂ%%?d%t % nynphlee dose comprises gt é&ﬁ‘tsé'rt Pneg
aci naci form s Tenperlat uk®d; Exposure Dose Mortality

CDr{SfF?ﬁ ([eféic»whe?hyﬂgrééfgctéggfgoé[SQQL)is adult O;xzaeg%%lus
nmor I
Tr eat ed yCDntroI surinamensis at 25°C, the dose cpgprises at least

198 mg h. L*;

(e} when the selected grain pest is adult Tribolium

confusuwm at 25°C, the dose comprises at least 111
10 mg h. L?; .

(f) when the selected food pest is adult
Lepidoglyphus destructor,_thé dose comprises at
least 240 mg h. L™%;

(g) when the selected pest is pupae of T. castaneum

15 at 30°C, the dose comprises at least 290 mg h.
L?;

(h) when the selected pest is pupae of B. tyroni at
27°C, the dose comprises at least 440 mg h. L;

20 (i) when the selected pest is larvae of T. castaneum
at 25°C, the dose comprises at least 270 mg h.
L
(j) when the selected pest is larvae of E. cautella,
the dose comprises at least 410 mg h. LY;
25 (k) when the selected pest is larvae of O.

surinamensis, the dose comprises at least 210 mg
h. L™%;

(1) when the selected pest is eggs of R. dominica,

the dose comprises at least 102 mg h. L™%;
30 (m) when the selected pest is eggs of T. castaneum,
T the dose comprises at least 430 mg h. L%;
(n) when the selected pest is eggs of O.
surinamensis, the dose comprises at least 495 mg
h. L*; and
35 (0} when the selected pest is eggs of B. tyroni, the

dose comprises at least 460 mg h. L.

“ﬁﬁiiﬁ liiifﬁi:i“ti“ﬂﬂ



25 24 600 30/ 30 0/ 30 100

192 0/ 30 0 - 37 -
Tabl e 16 Ef fect of carbonyl sul phide on germ nati on ———of wheat of
16.0% noi sture cont ent Concentration 06 Cer m nation
% VIV First count HHNM ,

(4 days) (10 days) 0 I"
90 90 - 44 -

87 87 0.5 96
91 93 1.0 93 93
9. A method as defined in claim 4, in which soil is

5 fumigated and in which the carbonyl sulphide is

applied at a concentration sufficient to control

nematodes.

THIS SHEET HAS BEEN
REPLACED
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89 92 5.0 89 93

93 93 - 38 -

Tabl e 17 Raw data for absorption of carbonyl sul phide on wheat
of 11.7% noi sture content, at 25[err]C, and at initial concentrations
of 48-52 ny L[err] Time after _ 3 Concentration for degree of
fill dosing (h) (r%sL[err]) 0%

25% 50% 95% Applied 45.0 44.9 47.7.  47.5 49.2
48.4 52.2 51.5 0.25 44.3 44.2 45.7 45.6 45.9 45.7 46.4 46.0
0.75 44.8 44.8 45.4 45.2 43.6 43.5 44.9 44.8 1.28 44. 9
44.8 4BBSTBACH 42.0 41.8 43.6 43.5 3.35 44.5 44.5 43.5 43.3

40.7 40.2 40.3 .39.8

CARBONYL SULPHIDE FUMIGANT AND METHOD OF FUMIGATION

The gaseous chemical compound, carbonyl sulphide, has hitherto been unknown
as a fumigant for the control of insects and mites. Experiments have shown
conclusively- that carbonyl sulphide can be used as such a fumigant, with
fumigation properties comparable to those of phosphine and methyl bromide. The
effectiveness of carbony! sulphide against insects {both adult and immature
stages), mites, termites and moulds is demonstrated. In addition, its low
absorption by grain, lower flammability than phosphine, lack of influence on seed
germination, and apparent environmental safety make carbonyl sulphide particularly
beneficial as a fumigant of stored grain. It may also be used to fumigate other
stored produce {including perishable foodstuff}, soil, timber and spaces {such as
buildings) and any material likely to be infested by insects or mites, or act as a

source of such infestation.

(No Figure in the drawings can appropriately accompany the Abstract when
published)



21. 7 44.8 44.9 43.1 43.0 37.0 36.6 30.8 30.6 27.5 44.8
45.0 44.1 44.0 36.8 36.8 29.5 29.3 42.5 44.7 44.0 41.2 41.3
35.4 35.2 24.5 24.5 50.0 44.0 44.0 40.5 40.6 33.6 33.8 22.2
22.0 68.3 43.7 43.7 39.0 39.1 33.1 33.1 17.8 17.7 73.5

43.7 43.0 39.7 39.7 32.5 32.5 16.7 16.6 93.9 43.8 43.9 37.0
37.1 31.1 30.8 13.4 13.3 - 39 -
Tabl e 18 -Toxicity of carbonyl sulphide to a m xed culture of S.
oryzae with various concentrations of carbonyl sul phi de for

vari ous exposure periods Days Nunber of insects emerging from
culture after for exposure (I ours) x concentration dosing

~(in nmg L[err])

sswux Methyl Bromide (dosage 60g/m3

dchcichd Phosphine (doso(e 1gg/m3)g/ )

eeeee New Fumigant (dosage 52g/m3)
25-deg. C, 60% rh, 95% filling ratio

{ ! 1 f 1
0 20 40 60 80
Time (hours)

-y
pes
-4

FIG. 1 -



6 x 200

6 x 120 24 x 80 24 x 60 7 REPLACEMENT SHEET { 3
0 0. 14 3 5 {U 9 21
0 2 0 0 28 0 3
0 0 35 2 6 i 003“UN 19990
Tabl e 18 (conti nued) Toxicity of c'arlbdnyl sul phj de-t.o.a.mxed dulfture
of - S. oryzae vmth various concentrations of carbpnyl suljphi de
for various expos q f) BE’ HINTel gi'ng
fromcul ture afte S concentratton dosing

(| n ny L[err]) 48 x60 48 x 40 48 x30 Cont r ol

0
87 28
0

10

15

20

25

30

35

Teghnical Fielg 0 8 14 0
This ,1nventg%n céhcerns the u@g of the %6as cggbony@
gplphide (CQp), whichgghas also been termed carbon
oxysulphide, as a fumigant.

Background to the invention

Fumigants are widely used for the disinfestation, and
protection against infestation, that is usually required
to protect particulate materials (such as grain) and
other stored produce (including durable and perishable
foodstuff), porous bulk materials (for example, soil or
timber) and spaces (typically, empty buildings). An
ideal fumigant should be toxic to insects, mites,
nematodes, bacteria, fungi and moulds. It should be
effective in low concentrations. It should have a low
absorbtion by materials in the fumigated region. It
should have a low mammalian toxicity and leave either no
residue or an inert residue. In addition, the ideal
fumigant should present no difficulties as far as safe
handling is concerned, and it 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 in the fumigation of grain,
other particulate materials, £fruit and timber are
phosphine and methyl bromide. Phosphine is the preferred
fumigant for grain stores and the like because it is
effective against grain pests and leaves little residue
(which is essentially a harmless phosphate). However,
phosphine is spontaneously  combustible  when its
concentration exceeds a relatively low value.

Methyl bromide 1is more toxic to grain pests than
phosphine when used for short periods of fumigation, but
phosphine is more toxic to grain pests when long term

n AMENDED  SHEET




- 40 - Tabl e 18 (conti nued)

sul phide to a m xed cul ture of S. oryzae with yafi ous concentr

car bonyl sul phi de for various exposure pefi dHg JUND®
Nunber of insects emerging fromculture after

hours) x concentration dosing (i rmg L[err])

72 x 30 72 x 20 168 x 30

8 14 %pmigatf%n()is §§fe8ted. Mq;ﬁ%l bromidg has%1 a 1qyer
0 35 flammabillity than phosphine, bi® recent work has shown

Tabl e 1850 cqdnutilny)  BRhOhY ALofALHON S UbBide 10y8xM Xeduty Lur e

of S. Toryzae wi ri ous concen I ons of carbonyl sul phi de

for various apgissiale périnsithyl Dhyemide as aNLﬁmgaért | h8ecturramtrlyl ng
fro”]CUlturQﬂﬁééf”rev1ew, £ 1A owHO e MOhR rBQYT Blokog8Dcent ration dosing

(in g Llerr])
Other fumigants that have been used against grain pests
10 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 is
present in the majority of these “conventional”
15 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
20 improved fumigants will continue.

Environ, Exp. Bot. (1986), 26(4), pages 355 to 364,
discloses the fumigation of ryegrass and radish in the
light with 9.9 upg/m® of [*S]-carbonyl sulphide. The

25 subsequent fate and distribution of absorbed S was
investigated.

J. Environ. Qual. (1984), 13(2), pages 224 to 230,
discloses an investigation of the comparative toxicity of
30 80,, H,S, C8,, COS and methyl mercaptan in bush bean
seedlings. Seedlings were exposed to each gas
individually for 6 hours at 6-82 upmol/m* in an open

gaseous exchange system.

35 Develop. Ind. Microbiol. (1966), 8, pages 305 to 312,
discloses the effect of various gases on three strains of
E.coli. A suspension of each organism was exposed to the
gas by bubbling the gas through the liguid. Treatment

LS



168 x 20
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soil with carbonyl sul phide Soi | Quan
%kill of Sa
of COS(mg L[

42.6 A2

0 B1 5
38

28

10

15

20

25

30

35

168 x 10 Cont r ol ; REPLACEMENT SHEET |

8 14 0
0 1 87
36 35 0
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gﬂ;ﬁ?) carbgnyl Sul{vﬂ{é‘ensfmibited gongcgeln:t rft
E. coli

i K-12 and 457. 280 89.5 A control

39 28 54.4 B2

Di@%—f‘%ﬂuge of th? PI.%ZGI%: %Z’%xvention 1000

contro

The present invention provides the use of carbonyl sulphide as
a fumigant for the control of insects, nematodes, woulds or
mites.

Carbonyl sulphide  is a well-known compound. It is a gas at
STP (Standard Temperature and Pressure}, with a boiling point
of -50.2°C. It is colourless, flammable (but not as flammable
as phosphine), and soluble in water. Its solubility in water
is 1.4 grams per 1litre at 25°C, compared with aqueous
solubilities of 13.4 grams per litre and 2.2 grams per litre
for, respectively, methyl bromide and c¢arbon disulphide
{phosphine has been reported to be “sparingly soluble” in
water) . When in aqueous solution, it slowly decomposes.
Commercially, carbonyl sulphide is normally supplied in
liguefied form in cylinders at a guage pressure of about
1100kPa {160 p.s.i.g.). However, it occurs naturally, being
the major sulphur species in the atmosphere {where it occurs
uniformly in the troposphere and 1lower troposphere at a
concentration of 1.3 micrograms per cubic metre) and part of
the mnatural sulphur flux in soils and marshes. Carbonyl
sulphide is also formed from the anaerobic degradation of
manure and compost and is present in wost pyrolysis products
and in oil refineries.

As a consequence of its role in the sulphur c¢ycle, its
presence in pyrolysis products and its use as a chemical
feedstock, carbonyl sulphide has been widely studied, and its
properties and uses are well known. However, an extensive
review of the technical literature, and a Dialog computer-
based evaluation search (conducted in the files of CAB
Abstracts 1972-1991, Biosis Previews 1969-1991, Life Sciences
Collection 1978 to 1991, Agricola 1970 to 1991,
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car bonyl sul phide as a fum gant for the control

nemat odes, noulds or mtes. 5 2. Use accor di I which
t he carbonyl sul phide includes a diluent{g e

according to claim2, in which the dilueri gas is

the group consisting of- air, carbon di oXi o8 anabifl ity
I nhi bitor. 4. A met hod of fumigating a stigred product, tinper, soi
or a space liable to infestation by insects, 15 nem te nbul ds or

enarotes,
mtes, said store®¥RUHReE to 900 ippt udtdipest ai RS aRGreeR&dibder abl e

f oodstuff, and effectdsuit and other perishable foodstuff, said nmethod
conprising applying a dose of carbonyl sul phide to the stored
product, tinber, soil or space. 20 5. A nethod as defined in claim4,

in which a sHowetdrer, it ifr &thdein | shdtinggateds tdempdbon@d paothict are

conpri ses
car bonyl

s applie a perrod’in the rang

o 2, SO R0 ot Wt oSSl e SRS C1g oo

hour to 35 depdd-Blaogpdsshceartebraheshamays not be temi¢i dientinsectent rol
sel ected foOogoR89lsS. mites and the 1like. One example of such a

10

15

20

mammalian toxic gas is carbon monoxide. Thus, simply
because carbonyl sulphide has a measured toxicity to
mammals, it would be incorrect to conclude that carbonyl
sulphide will also kill insects, moulds, mites and the
like.

The present inventors, therefore, were surprised to find
that carbonyl sulphide is useful as a fumigant. However,
the present inventors have now established that when
carbonyl sulphide is used as a fumigant, it may be applied
undiluted, in a manner which allows it to mix with the
atmosphere within the system under treatment, or it may be
applied in a mixture with an inert diluent gas. The
diluent gas will be used when a more dilute form of the
fumigant is to be dispensed, or as an inhibitor to reduce
flammability of the carbonyl sulphide. The diluent gas will
no;mally be air, although other suitable carrier gases may

be used.

The present invention also provides a method of fumigating
a stored product, timber, soil or a space liable to
infestation by insects, nematodes, moulds or mites, said
stored product including grains and other durable
foodstuff, and fruit and other perishable foodstuff, said
method comprising applying a dose of carbonyl sulphide to

the stored product, timber, soil or space.’

| -AMENDED sHEET |




6. A method as defined in claim5, in which the co trP@PLACEMENT SHEET
conpri ses achieving a nortality of 95 percent, 30
(a) when the selected food pest is adult Rhyzopert ha
at 25Terr]C, the dose conprises at |east 38

(b) when the selected food pest is adul g, Tribolium
at 25[err]C, the dose conprises at |east 82

- 43 - CLATMS (c) when the selected food pest s ady g
oryzae at g5[er trlsg o@"%ﬁ%ﬁor&flﬂﬁ%@taé ¥ umigat for the cont:::olh
L[err]; 5 en t he sel écted faqod pest I's adult Oryzaephil
surinamensi s at °§5E"€tsrﬁ St REMTASHNPALES Ar mddes- 198 gy
h. L[ers]; (e) vvhen the selected grain pest is adult Tribolium
confusum at, 25] .dose conpr.ses at |eas 110 ng h.
CCorrpe 2.2l B4 Redgtind dC Flbm A don e HheGamponyL

Lepi dogl phus desuﬂ.mme itled villege aC @ijiuesas gals . | east 240 ng
h. L[err]; (g) when the selected pest is pupae of T. castaneum 15
at 30[err]C the dose conprises at |east 290 ng h. L[err]

(h) when tBe sePset chpetsitmgs teimdaiof 23, imymbdichatthe diluent gas is
27[err}§, the dgagec@dy | 'ﬁ%ﬁ\ dnd ?%tu A iy O bir, #Qrbon . (i)

when the selected pest is |arvae T.” castaneum at 25C, the
dose conprises giordss apdy anflgmmability inhibitogary]:

4. A method of fumigating a stored product, timber, soil
or a space liable to infestation by insects,

15 nematodes, moulds or mites, said stored product
including grains and other durable foodstuff, and
fruit and other perishable foodstuff, said method
comprising applying a dose of carbonyl sulphide to the
stored product, timber, soil or space.

20 .

5. A method as defined in claim 4, in which a stored
product is fumigated, the stored product comprises
grain or other durable foodstuff, and the dose of
carbonyl sulphide is applied for a period in the range

25 of from 1 hour to 35 days, at a concentration that is
sufficient to control selected food pests.

6. A method as defined in claim 5, in which the control
comprises achieving a mortality of 95 percent,
30 and in which

(a) when the selected food pest is adult Rhyzopertha

dominica at 25°C, the dose comprises at least 38
mg h. L;
(b} when the selected food pest is adult Tribolium
35 castaneum at 25°C, the dose comprises at least 82
mg h. L*%;
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(Jj) when the selected pest is larvae of E. cautella REPLACEMENT SHEETt e

dose conprises at |east 410 ng h. L[err]; 25 k) when t he ected
pest is |larvae of O. suri namensi s, t he| dés& JUbh1999s t

| east 210 ngy h. L[err]; (1) 1en t he sel ectied pest
I's eggs of R dom nica, Lhe_dose conprises at Teast—102 ny

h. L[err]; 30 (m) when the selected pest is T.
the dose conpri ded at’”ﬂ%sﬁheﬂf:ﬂ?lﬁﬂ?d iflead [pest is adultn)Si

sel ected pest is eg9%8fz4d at 25°C, the d s%’rddi‘&fﬁ”s%ss’ d e daseg g appri ses
at least 495 ngy 2 h. L[erre] oand ao when thgﬁ@

sel ected pest is egg§"ofr-'|§ tyroni, the dose conpri ses at
| east 460 ng h. (d)er hen the selected food pest is adult Oryzd#kbhilus 7

A nmethod as defined in claim4 t or rodu
fum gated, the store@%%%f%scg? t%‘ de"seaﬁ’ﬂﬁﬂfe‘rs s%t'Fafb?

cast anqum

foodstuff, and the 198%mgpyl L™?; sul ph| de | s appl i ed for at least 6
hours at a e t u 0 I

i mmat ure st ages o fﬁ'ﬁ{l% ;I-Ttﬂea ée‘i%é&? é%ﬁ“ c?"ﬁlllct gﬁ—rﬁl@cﬁ%—l—m 4, in
whi ch tinber, a ggrx_zﬁ_uam ar ahf&t., dhen dsmel d:qx@mmmuan rgeamfodt 1t
fum gaggd, and I n V\hlnguﬁ hg,-earbonyl sul phi de S applied at a
conceniration sufficiént to control ermtes_or other tinber
pests. 15 (§) whan e felaatadkfaad @Ieﬁ‘hﬂ@ ddudthi ch soil is

Lepidoglvphus destructor, the dose comprises at
least 240 mg h. L%;

(g} when the selected pest is pupae of T. castaneum

15 at 30°C, the dose comprises at least 290 mg h.
L
{(h) when the selected pest is pupae of B. tyroni at
27°C, the dose comprises at least 440 mg h. L%;

20 (i) when the selected pest is larvae of T. castaneum

at 25°C, the dose comprises at least 270 mg h.
"%,

(j) when the selected pest is larvae of E. cautella,

the dose comprises at least 410 mg h. L
25 {k) when the selected pest is larvae of O.
surinamensisg, the dose comprises at least 210 mg
h. L™%; '
(1) when the selected pest is eggs of R. dominica,

the dose comprises at least 102 mg h. L};

30 (m) when the selected pest is eggs of T. castaneum,

the dose comprises at least 430 mg h. L™;
{n) when the selected pest is eggs of O.
surinamensis, the dose comprises at least 495 mg
h. L''; and
35 (o) when the selected pest is eggs of B. tyroni, the
dose comprises at least 460 mg h. .L™*.
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fum gated and in which the carbonly sul phide is applied at a
concentration sufficient to control 20 nenmat odes. .

10

15

20
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A method as defined in claim 4, in which a stored
product is fumigated, the stored product is fruit or
another perishable foodstuff, and the carbonyl
sulphide 1is applied for at 1least 6 hours at a
concentration that is sufficient to control all
immature stages of fruit fly.

A method as defined in claim 4, in which timber, a
wood product or a building containing wood is
fumigated, and in which the carbonyl sulphide is
applied at a concentration sufficient to control
termites or other timber pests.

A method as defined in claim 4, in which soil is
fumigated and in which the carbonly sulphide is
applied at a concentration sufficient to control

nematodes.

REPLACEMENT SHEET

03 JUN 1999

U 0 R T AMENDED  SHEET




