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This invention concerns the fumigation. of stored,
particulate foodstuffs, such as grain and pulses.
More particularly, it concerns a method of fumigation
using phosphine, and apparatus for fumigating a grain
storage facility having a plurality of silos, using
phosphine or any other suitable fumigant.

- Background

In this specification, for convenience, the term
"grain®" will be used in the sense that it encompasses
not only grain but other particulate foodstuffs that
are commonly stored in bulk, such as peanuts,
lentils, peas and other pulses. This list is not
intended to be exhaustive. Also, in this
specification, the term "grain pests" will encompass
the pests usually found in stored “grain®" and well
known to persons who handle grain storages, being
predominantly beetles and some species of moths.

For many years, a range of chemical pesticides have
been applied to stored grain to kill the grain pests
that may be present in the grain-; Many of such
chemical pesticides 1leave residues which can be
harmful, and care has to be exercised to ensure that
the maximum residue limits (MRL) are not exceeded.
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For many years,” a range of chem cal pesticides have been applied to stored
grain to kill the grain pests that may be present i:n the grain. Many of
such chenical pesticides 20 | eave residues which can be harnful, and care
has to be exercised to ensure that the maximumresidue limts (MRL) are not

exceeded. -2- This problemw th residues has led to the preference for
using fum gants instead of the protectant chem cals. And anong the

fum gants, phosphine is preferred because any residue that m ght be |eft
in5the grain wll be ‘lost or -o® éised to harnless phosphate when

the grain is processed to produce a

This problem with residues has led to the preference
for using fumigants instead of the protectant
chemicals. And among the fumigants, phosphine is
preferred because any residue that might be left in

S the grain will be lost or oxidised to harmless
phosphate when the grain is processed to produce a
food. When phosphine fumigation is performed using
dosage rates that are recommended for the present
jinvention, unreacted phosphine also causes no problem

10 in the context of the international permitted residue
levels.

The main problem with applying a fumigant such as
phosphine to a grain storage (such as a silo)
concerns dosage rates and maintaining an environment
15 within the grain which ensures proper elimination of
the pests. As noted by Dr R G Winks in his paper

entitled "Flow-through phosphine fumigation - a new
technique® which was delivered to the Stored Grain
Protection Conference, 1983, if the so-called

20 "one-shot"™ or '"one-pass" technique is used with
phosphine from a gas source (for example, from a
solid formulation of aluminium phosphide) being
applied to a leaking‘ silo, the concentration of
phosphine within the grain in the silo is likely to

25 decay to zero in about 4 or 5 days. Thus the
fumigant is ineffective after about 5 days. Even
when a fumigant is applied to grain in a completely
sealed silo (for example using the techniques
described in the specification of U.S. patent

30 No 4,200,657 to James S Cook), there is a decay of



f ood. When phosphine fum gation is perfornmed using dosage rates that are.
recommended for the present.invention, unreacted phosphine also causes no
problem 10 in the context of the international permtted residue |evels.

The main problemw th applying a fum gant such as phosphine to a grain
storage (such as a silo) concerns dosage rates and mai ntaining an
environnment 15 within the grain which ensures proper elimnation of the
pests. As noted by Dr R G Wnks in his_paper entitled "Fl owthrough
phosphi ne fumigation - a new techni que™ which was delivered to the Stored

- Gain Protection Conference, 1983, if the so-called 20 "one-shot" or
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as it is absorbed and used to exterminate grain
pests. Thus, whether the fumigant is applied to the
grain in utilising Cook's one-pass technique or his

S recirculating technigue (each technique, Cook claims,
.results in a uniform distribution of phosphine or
other fumigant within the grain mass before the
forced gas flow through the grain mass is
‘discontinued), there will be a significant fall-off

10 in effectiveness of the technique after a relatively
short time period. A similar comment is applicable
to the one-~shot fumigation technique described in the
specification of South African patent application
No 86/4806, which corresponds to Australian patent
15 application No 59,258/86 in the name of The
Commonwealth Industrial Gases Limited. That
technique simply requires +the release of a

~phosphine-containing gas into the grain mass of a
silo.

20 For complete elimination of grain pests, it is
essential that a sufficiently high dosage of
phosphine remains in the silo long enough to ensure
that the more tolerant stages in the development of
an insect pest mature into a less tolerant stage and

25 are killed by the phosphine. In this way, resistant
strains of the pests cannot develop. '

In a substantially gas-tight silo, the phosphine
concentration decays to zero in about 16 days. The
work required to make old storages gas-tight is



applied to a leaking silo, the concentration of phosphine wthi
graininthe silois likely to 25 decay to zero in about 4 or 5 days.
Thus the fumgant is ineffective after about 5 days.  Even when a

fumgant is applied to grain in a conpletely seal
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exterm nate grain pests. Thus, whethér 4 e funmigant is applied to
grain in utilising Cook's one-pass technique or his
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costly and is not always successful. Accordingly,
Dr Winks proposed a controlled low-flow phosphine
fumigation technique to create a lethal environment
for insect pests that may be maintained for as long

as necessary in silos that are not completely
gas-tight.

A basic requirement for <the controlled low-flow
fumigation technique is to ensure that an adequate
phosphine dosage is achieved within the grain. A
concentration which is too low will not kill all the
stages in the development of an insect. 1In addition,
to be cost effective, the phosphine concentration
must not be so high that it is wasteful of fumigant.

,

Disclosure of the present invention

15 ‘It is an object of the pres;nt invention to provide a

20

25

refined and efficient form of the low-flow fumigation
method for the long-term control of insect pests in
grain using phosphine as a fumigant. '

It is a further object of the present invention to
provide an arrangement which can be used to implement
this fumigation technique in a grain storage facility
having a number of silos - possibly of different
sizes and types - but with variation of the number of
silos in use at any time.

The first of these objectives (the efficient
fumigation method) is achieved by passing a low
concentration of phosphine through the stored grain
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5 recircul ating techni que (each technique,'Cbok clainms, results in a
uniformdistribution of phosphine or other fumgant within the grain nmass

‘before the forced gas flow through the grain mass S
di scontinued), there will be a significant fall-off 10 in effectiveness of
the technique after a relatively short time period. A simlar comment is

applicable to the one-shot fum gation technique described in the
specification of South African patent aqflication No 86/ 4806, which
corresponds to Australian patent 15 appldcation No 59,258/86 in the

nanme of The Commonweal th | ndustri al Gases Limted. _ That
gas 1nto the FraAtiaREty & o cpture b Bimet £o SN AR T grain
pests, it i®& constant linear velocity of gas within the grain
mass and there is a constant flow rate of gas from
the surface of the grain mass of from 0.5 x 10™% to
5 about 2.0 x 10™% metres per second. This range of

flow rates from the surface of the grain mass was
ascertained by extensive experimentation to be an
effective but economical flow rate. ‘ The low
phosphine concentration will be in the range of from

10 4 to 200 micrograms per litre of a carrier gas. Wiﬁh
such a concentration and flow rate, the phosphine in
the stored grain is sufficient to kill all stages of
a developing insect.

The period for which this low-flow fumigation method
15 is used depends upon factors which concern the use of
the grain. If the grain is expected to remain stored
for a long period, the fumigation method may be
applied indefinitely, or on a month on followed by a
month off basis (as explained in more detail later in

20 this specification). = In other instances, the
low-flow fumigation technique may be adopted to
control an infestation of grain, and then

discontinued. Another use of the present invention
is to provide a single fumigation for about one month
25 soon after the harvesting (and storing) of the grain,
followed by a second fumigation about one month
before the grain is shipped (provided the period
between +the fumigations does not exceed three
months). Yet another way in which the low-flow
30 fumigation technique may be used is to provide a



essential that a sufficiently high dosage of phosphine remains in the
silo long enough to ensure that the nore tolerant stages in the devel opnent
of an insect pest mature into a |l ess tolerant stage and 25 are killed by

t he phosphi ne. In this way, resistant strains of the pests cannot _
devel op. In a substantially gas-tight silo, t he phosphi ne concentration
decays to zero in about 16 days. The work required to neke ol d storages
gas-tight is -4- costly and is not always successful. Accordingly, Dr

W nks proposed a controlled | owfl ow ph&sphi ne fum gation technique to
create a lethal environnent for insect pests
single fumigation treatment with a concentration of
phosphine high in the range, followed by a continuous
treatment with a lower phosphine concentration to
provide protection against re-infestation for the
5 remainder of the storage period. These alternatives
are not exhaustive. -

The first major benefit of such a low-flow fumigation
technigque is that the fumigation method is cost
effective (higher phosphine concentrations- would
10 significantly increase the cost of the fumigation of
the grain). The second major benefit is that with
phosphine concentrations of less than 50 micrograms
per litre, if grain should have to be discharged from
a silo for transportation overseas, it may not be
15 necessary to ventilate the grain to drop the residual
phosphine . level to meet health and safety
requirements. (For a discuésion of this problem,
which is commonly experienced with stored, fumigated
grain, see the article entitled "A new way ,of'
20 fumigating with phosphine®, which appeared in Rural
Research, No 140, Spring 1988, pages 15 to 18, in the
paragraph bridging pages 17 and 18.) A third notable
benefit of this technique is that it is applicable to
all types of grain storage, including silos of all
25 shapes and sizes, grain that is held in confined
regions dJuring transportation (for example, in the
hold of a ship), and bagged grain in stacks covered
by plastic sheets or tarpaulins.



that may be maintained for as |ong as necessary in silos 5 that are not
conpletely gas-tight. A basis requirenent for the controlled | owfl ow
Tum gation technique is to ensure that an adequate phosphi ne dosage is
achieved within the grain. A concentration which is too loww Il not kill

all the stages in the devel opnent of an 10 insect. ggi(.g_iiu'- T o-1je cost
effective, the phosphi ne concentration nust not be *h %'%I[ Hﬁ$ EENi{s -
wast eful of fumi gant. Disclosure of the Present In ent i (FPLACER an dbj ect

of the present invention to provide a 15 refined and efficient formof the
| ow-fl ow fum gation nethod for the long-termcontrol of insect pests in

grai n using phosphine as a fumgant. This obj ective S achi eved by
passing a IThaspnaeedréing®nto cthe PrsEnteinvddtioamh a thechsd osf£d grain

fumigating a mass of grain or the like comprises
establishing a constant linear velocity flow through
the grain of a carrier gas containing phosphine in a
5 concentration which remains within the range of from
4 micrograms per litre of the gas to 200 micrograms
per litre of the gas, the flow rate of the carrier
gas being such that the gas leaves the surface of the
grain or the like at a wvelocity in the range of from

10 0.5 x 10™% to about 2.0 x 10”4 metres per second.

Higher flow rates of the carrier gas may be adopted,
"but higher flow rates will- increase the usage of
phosphine and will (unnecessarily increase the cost
of the fumigation technique. '

- 15 Usually the carrier gas, which carries the phosphine
into the grain, will be air, and usually the
phosphine wilL be supplied from a cylinder cbntaining
a pressurised mixture of phosphine and carbon
dioxide. However, generators of phoéphihe are

20 available (usually these generators use a controlled
reaction between water and a metallic phosphide) for
use in place of cylinders. In country areas where
the regular’ supply of gas cylinders cannot be
guaranteed, an on-site phosphine generator is the

25 preferred source of phosphine.
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-5- continuously in a controlled manner, so that there is a. constant

l;i near velocity of gas within the grain nmass and there is a constant fl ow
rate of gas fromthe surface of the grain nmass of from0.5 x 10 4 to 5
about 2.0 x [err] metres per second. This range of flow rates from ,
surface of the grain nass was ascertai ned by extensive rSHEE‘Ptth BEEN |
be an effective but economcal flow rate. hi ne
concentration will be in the range of from 10 4 to 200 . 're
of a carrier gas. Wth such a concentratBomr and flow rate, the phosphine in
the stored grain is sufficient to kill all stages of

Preferably the phosphine concentration within the gas

is maintained within the range of from 10 to 100

micrograms per litre. More preferably the phosphine

concentration is in the range of from 15 to 50
5 micrograms per litre.

The use of constant linear velocity flow of gas

within a grain mass is a novel approach to

fumigation. Previous fumigation techniques have been

established on the basis of flows related.to the
10 volume of grain that is to be fumigated.

In many grain storage establishments, a number of
silos of different shapes and sizes are built in
close proximity to each other and grain is deposited
- into an empty silo or removed from a silo containing
15 grain, as required. In such systems, as in any
multi-silo storage facility, it is advantageous to
provide a single fumigation arrangement which ensures
that any number of the silos in the facility can be
fumigated without the need to re-design the
20 fumigation system each time a silo is brought into
use for grain storage-or is removed from the system
because it has been emptied of grain. The second
aspect of the present invention - a novel silo
fumigation system - performs such a function.

25 This second aspect of the present invention requires
) a single source of phosphine (or other suitable
gaseous fumigant) and carrier gas. This gas mixture
source is connected to a single duct. The duct is
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a devel oping insect. The period for which this |owflow fum gati on net hod
15 is used depends upon factors which concern the use of the grain. |If the
‘grain is expected to remain stored for a | ong peri od, t he fum gation
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silo gas input port, there is a respective valve
(which is opened when grain is stored in the silo and

5 is closed when the silo is empty) and a respective
orifice plate. Each gas input po}.'t should be
provided with a gas' distribution arrangement to
-ensure that the input gas moves throughout the grain
mass in +the silo when fumigation has been

10 established. The orifice plates are scaled or sized
to ensure that the maximun pressure drop in the
entire system is across the orifice plates.

This arrangement effectively renders the system as a
whole insensitive to variations in the system
15 downstream of an orifice plate. Thus if, after
' steady state conditions have been established, a silo
containing .grain is emptied of that grain and the
valve between that silo and the duct which is
connected to each silo is closed, there will be only
20 a minor perturbation of the gas supply to the input
ports of the remaining silos in , the system.
Similarly, if a previously empty siloc is filled or
partially filled with grain, the opening of the valve
between the gas input port of that siloc and the gas
25 supply duct enables fumigation of the grain in that
silo to commence with only a small effect upon the
gas flow into the other silos. The minor correction
in gas flow that is required to compensate for the
removal of a silo from, or addition of a silo to the
30 system can' be effected by bringing the pressure

I ——
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against re-infestation for the 5 remai nder of the st HAs £
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within the duct back to its steady state value by
adjustment of a suitable control mechanism for the
gas supply to the duct.

Thus, also in accordance with the present invention,

there is provided a fumigation arrangement for a

grain storage facility having a plurality of silos,

said arrangement comprising:

(a) a source of a mixture of a carrier gas and a
gaseous fumigant;

(b) a duct connected to said source;

(c) control means for varying the supply of said gas
mixture from said source to said duct; and

(d) a respective connection between said duct and a
gas inlet .port of each silo in the facility,
each said connection including a valve and an
orifice plate, each said orifice plate being
adjusted to provide a pressure drop across the
plate which is substantially greater than the

pressure drop across any other component between

.said gas mixture source and the silo with which
the orifice plate is associated.

The control means may comprise a control valve

. between the source and the duct, or it may comprise

25

any other suitable arrangement for controlling the
supply of gas to the duct (for example, means to vary
the speed of a fan which causes the gas mixture to
flow into the duct).
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the grain). The second major benefit is that with phosphine
concentrations of less than 50 mcrograns per litre, if grain should have

‘to be discharged from a silo for transportation overseas, it may not be
15 necessary to ventilate the grain to drop the residual phosphlne | evel
{o neet heal t h and safety requirenents. (

ussi on of
this problem which is commpnly experienced with sto ; 3
see the article entitled "A new maﬁj_qj 20 furm :
phosphi ne”, which appeared in Rural Research, No 140, SpT papes 15
to 18, in the par agr aph bridgi ng pages 17 and 18.) Athird notable benefi t

of this teChlebﬁchshEﬁtdtSY§téwpﬁé§aBé8nt%éﬂ|u6Y@@Se§EaBl§bﬁ gher age,
including silos _of all es ang sizes, grain that is held in confined

g hag
r egi ons durlng FRSHLFEFA: SLPBNTRESO x%%$+gant’ﬁ°9ﬁélnlng gas through

the silos, the flow rate through the grain in each
silo containing grain can be maintained at the

5 required level when a valve in a connection between
the duct and a silo is opened or closed simply by
varying the sétting of the control valve (or other
form of control means) to maintain a constant
pressure of the gas within the duct.

" 10 The fumigation arrangement of the present invention
was designed for use with a plurality of vertical
silos (that is, silos having a height to width ratio
of at least 1.5 to 1). However, as noted above, the
system is equally applicable to grain storage

"15 facilities comprising silos of other types and
capacities.

Normally, the method of the present invention will be
applied indefinitely. However, as noted earlier in
this specification, it is possible to continue the

20 fumigation technique for short periods only, in an
 "extended-one-shot" technique. It should be noted
that the minimum period of applicationn of the
fumigant for the complete extinction of each species

. varies according to three factors, namely (i) the
25 nature of the species, (ii) the concentration of
phosphine, and (iii) the ambient temperature. For .
example, the minimum periods for extinction of the
species Sitophilus granarius, Sitophilus oryzae,
Sitophilus zeamais, Rhyzopertha dominica, Tribelium

his Sheet Has Been Reﬂlaced
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hold of a ship), and bagged grain in stacks covered by plastic sheets or
tarpaul i ns. -7- Thus, according to the present invention, a nethod of
‘fumgating a nass of grain or the like conprises establishing a constant

|l i near velocity flow through the grain of a carriermgas.containing
.phosphine in a 5 concentration which, during the WS'SHEEWHA@ g l ete
fum gation process, remains within the range of fr n14 "REPOSEEY™ P litre
of the gas to 200 micrograns per litre oL t he gas, ‘the—tcatr+er—gas h ving a
flow rate such that the gas | eaves the™s ffdce of the grain or the |ike at
a 10 velocity in the range of fromO0.5 x [err] to 2.0 x [err] netres

castaneum, Bruchus pisorum, Oryzaephilus surinamensis
and Ephestia cautella have been determined for
phosphine concentrations of from 4 to 100 micrograms

per litre in the temperature range from 15°¢ to 25%,

5 and have been found to vary from about 50 days at a
phosphine concentration of 4 micrograms per litre at
15°% to 10 days at a phosphine concentration of 100
micrograms per litre at 25%.

In one modified form of the method of the present

10 invention, the supply of the fumigant-containing gas
is cyclically varied, the gas supply typically being
continued for a period of from 25 days to 28 days and
then discontinued for a period of from 28 days to 35
days. For this modified form.of the invention, a

15 phosphine concentration of at least 10 micrograms per
litre is required. In a variant of this modified
form of the present invention, if the phosphine
concentration is of the order of 100 micrograms per
‘litre, the fumigation need only be applied for 12 to

20 14 days, with a following "off" period of from 28 to
35 days.

Further discussion of the method of the present
invention and a description of its implementation in
a multi-silo grain storage £facility will now be

25 provided, with reference to the accompanying
drawings.
-
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per second. Usually the carrier gas, which carries the phosphine into the
grain, will be air, and usually the phosphine will be supplied froma
‘cylinder containing a pressurised m xture 15 of phosphi ne and carbon

di oxi de. However, generators of phosphine are avail able hese
generators use a controlled reaction between wat e} TRFSREFTEHAS IBEEN |
phosphi de) for use in place of cylinders. In coun ry aWﬁ?ﬁAC phere the
regul ar supply of gas cylinders cannot be guarant eec—ah
phosphi ne generator is the preferred soldce of phosphlne Preferably the
phosphi ne concentration wthin the gas is maintained within the range of
from1l0 to 100 n1cr2?rans per litre. More preferably the phosphine
concentrati on Bxief daseription af thet drawingsS, 50 nicrograms per litre.

The use of consiqute | iDeagsvehocHidgkh@W ehogdnghi e &hanges in
phosphine tolerance of a typical grain pest during
its &evelopment.

v Ull QI L

5 Figure 2 illustrates the reduction in the survival of
grain pests within a grain sample when the grain is
subjected to fumigation with constant concentrations
of phosphine.

Figure 3 4is a schematic diagram of a multi-silo
10 fumigation system constructed in accordance with the

second aspect of the present invention.

Further discussion of the present invention

The ' diagram of Figure 1, which has appeared
previously in the aforementioned Rural Research
15 article and in the paper by R G Winks entitled "The
effect of phosphine on resistant insects"”, which is

included in the Proceedings of the CASGA Seminar on

Fumigation Technology in Developing Countries, 1986,

pages 105 to 118, shows how insect eggs and the pupal
20 stage of the development of a beetle or other grain
pest is significantly more resistive to fumigation
than the larval and adult stages. Thus if a grain
storage is fumigated at a constant concentration of
phosphine, the concentration must be sufficiently
25 high to destroy all eggs and pupae, or it must be
maintained at a value which is adequate to kill all
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grain mass is a novel approach to fum gation. Previ ous fum gation

t echni ques have been established on the basis of flows related to the
volume of grain that is to be 30 fum gated. -8- The fum gation
arrangenment of the present invention was designed for use with a plurality
of vertical silos (that is, silos having a hei of at
least 1.5 to 1). However, as noted above, H@‘&ﬁﬁﬁsm ly 5
applicable to single grain storages and to graijn stoﬂEﬁﬁACEBC|I|t es

conprising silos of other types and gapgcities.—Nornally, the nethod of the

present invention will be applied indefinitely. However, as also noted
earlier in

adult pests and their larvae for a time sufficient
for the more tolerant eggs to become the less
tolerant larvae and for the pupae to become adults.

By monitoring the carbon dioxide production (from
5 insect respiration) in a sample of grain which was
infested with Sitophilus granarius, to which
phosphine was supplied at a constant concentration,
the results dispiayed in graph form in Figure 2 were
obtained. These results show that even with
10 phosphine concentrations as low as 4 micrograms per
litre at a temperature of 25°C, all stages of the
pest had been destroyed after a period of about 6.5

weeks. The results also show that the time for all
insect stages to be destroyed decreases as the
15 phosphine concentration is increased. Similar

results have been obtained using other concentrations
of phosphine and with infestations of other species
of grain pests (including Tribolium castaneum,
Rhyzopertha dominica, Sitophilus oryzae, Sitophilus
20 zeamais, Bruchus pisorum, Oryzaephilus surinamensis
and Ephestia cautella. From the experimental data
obtained, it has been found that all insect pests are
killed in a reasonable time with a constant phosphine
concentration of at least 4 micrograms per litre.
25 With phosphine concentrations of 2 micrograms per
litre, the insect population of the grain increased
with time when the pest was Sitophilus granarius and
Sitophilus oryzae. Thus concentrations of phosphine
lower than 4 micrograms per litre do not effectively
30 fumigate a grain mass.
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this specification, it is possible to continue the 10 fum gation technique
for short periods only, In an "extended-one-shot" technique. It should
be noted that the m ni nrum period of application of the fumi gant for the
conpl ete extinction of each species varies according to three factors,

nanely (i) the nature of the species, 15 (ii) t
phosphi ne,
m nimum periods for extinction of the specie
Si.t ophi l us oryzae, Sitophilus zeanais, dﬁ§
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and (iii) the anbient tenperature.

Zoper

cast aneum Bruchus pisorum CXyzaephllus suri nanmensi s and 20 Ephesti a
cautel l a have erm _ned _for _phosphi ne_congentrations,of fr 4 to 100
m crogr ans pergﬁggp F e F@XpngPﬁF 'ranag f%&ﬁﬁfS[é%?ﬁ& ‘to ﬁgf rr]C,
and have been fncmeasdngar phér-ocomdentrHicayoht phaspdsiple néncotbent rati on
of 4 m crograng pey el t @t a136°" thirb8sil daus ake2iBEASPNLEE the

fumigation technique, this conclusion is incorrect.
5 There are also economic factors to consider. A

detailed assessment of economic factors- has shown
that at concentrations in excess of 200 micrograms of
phosphine per litre, fumigant is being wasted. Thus
the phosphine concentration in the carrier gas should

10 be kept within the range of from 4 to 200 micrograms
per litre. For an effective yet economical
fumigation technique, the concentration of phosphine
should be held at a constant value selected from
within the concentration range of from 4 to 100

15 micrograms per litre, preferably in the range from
4 to 50 micrograms per litre, with due consideration
being given to. the times to insect population
extinction for the concentration chosen.

Now the average life-cycle for grain insects is about
20 1 month. Thus if the concentration of phosphine is
sufficient to kill all insect stages in a period of
less than 30 to 35 days, cessation of the fumigation
will not result in the development of a significant
population of insect pests within the grain for at
25 least this period. Thus economical, yet effective,
maintenance of an insect-free grain storage can be
effected if the constant-concentration (controlled
low-flow) phosphine fumigation technique is applied
for a period to effectively disinfest the grain, and
30 then is discontinued for a period of 28 to 35 days.
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25 concentration of 100 mcrograns per litre at 25[err]C. Further

di scussion of the nethod of the present
“inplementation in a multi-silo grain storage facility wll
with reference to the acconpanying draw ngs.
.drawi ngs Figure 1 is a di-agram show ng the char

of a typical

reduction in the survival of grain pests within a ¢
grain is subjected to fumigation wth ddnhstant concentrations of phosphine.

10

15

20

23

SHEBT
5 F: m;&‘é?ﬁf‘“

grain pest during its developnent]

The actual period for which the fumigation technique
has to be applied depends upon the factors noted
previously in this specification, being from 25 to 28
days when the phosphine concentration is about
10 micrograms per litre, and being as short as from
12 to 14 days if the phosphine concentration is
increased to about 100 micrograms per litre.
However, the inconvenience (and extra cost)
associated with the periodic stopping and starting of
the fumigation technique may make this variation of
the present invention unattractive to some users of
the fumigation technigque.

The benefits. of the controlled low-flow fumigation
technique, compared with conventional grain storage
treatments, have been ocutlined in the aforementioned
paper delivered by Dr R G Winks at the 1983 Stored
Grain Protection Conference. Simple apparatué for
establishing the controlled 1low-flow <fumigation
technique was suggested when presenting that paper.
A system for establishing low-flow fumigation in
multi-silo grain storage facilities constitutes the
second aspect of the present invention.

Referring now to Figure 3, the schematically’
illustrated embodiment of the second aspect of the
present invention comprises a source 10 of a
fumigant-containing gas which is supplied under a

pressure of about 500 to 700 Pa (that is, a pressure

of around 2 inches water gauge). This pressure is
usually established - by a fan (not shown in Figure 3)

-~
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Figure 3 is a schematic diagram of a multi-silo 10 fum gation system
constructed in accordance with the second aspect of the present invention.
"Further discussion of the present invention The di agram of . Figure 1,

whi ch has appeared previously in the afor ere] e earch 15
article and in the paper by R G Wnks entitl phosphi ne on
resi stant insects” which is included in the e CASGA

Sem nar on Fum gatlon Technol ogy in Devi\l70p_| ng Count ri es 1986, pages 105
to 118, shows .how insect eggs and the pupal 20 stage of the devel opnent’ of
a beetle or other gra| n pest Is significantly nore resistive to fum gation

than the |arvg} aﬁcg{,l q_flow o-laﬁl&é fc&:%é?:} r\qacg oraggtbswﬁ%ép, gated at
a const ant concentr tion os hi ne, concen ratlon nmust
sufficiently the fumgant gas (preferably phosph:.ne) is introduced
by conventional technigques. The source 10 of gas is
connected to a supply duct 11l by a control valve 12,
5 The supply duct 11 is connected to a gas entry port
16 of each silo 13 in the system by a respective
connection comprising a valve 14 and an orifice plate
1s. Preferably a distributor 17 is provided in each
silo to ensure that the carrier gas and its fumigant
10 are distributed within the grain mass 'in . such a
manner that a uniform flow of gas is established
within each grain mass. Each distributor 17 may
comprise a louvre arrangement.

" The orifice plates 15 are sized so that the maximum
15 pressure drop in the system (when fumigation of the
) grain- in the silos is in progress). -is across the
orifice plates. As explained earlier in this
specification, a steady state fumigation system is
set up with the required gas flow through the masses
20 of grain being fumigated. This steady state
condition of operating will be | perturbed to only a
small degree if an additional silo (also called a
"bin") is brought intoc the system, or if one of the
valves 14 is closed because fumigation is not
25 required in a silo (for example, when it has been
emptied of grain). Such a minor perturbation can be
‘readily corrected by adjusting the setting of the
control wvalve 12 so that the pressure of gas in the
duct 1l is returned to its steady state value,
30 whereupon the system will again be operating in its
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25 high to destroy all eggs and pupae, or it nust be maintained at a val ue
which is adequate to kill all REPLACEMENT SHEET 10 adult pests and their
‘larvae for a tine sufficient for the nore tolerant eggs to becone the |ess

tolerant |arvae and for the pupae to beconme adults. By nonitoring the

carbon di oxi de production (from5 insect respj a _sanple of grain
which was infested with Sitophilus granarijutS SHEET HM?EEN hosphi ne was
supplied at a constant concentration, the results G&EPPAGHLE nigraph form

in Figure 2 were obtai ned. These~ L8sdlts SHOWtfred——Mgn W th

required manner. In addition, and perhaps more
importantly, when this aspect of the present
invention is |used, only very minor changes in
pressure in the gas supply duct are experienced if a

5 bin should be only partly filled, or if some of the
bins of the storage facility contain different
commodities.

Using such a system, with phosphine as the gaseous
fumigant, a fumigation system for a grain ‘storage

10 facility having eighteen silos or bins has been
designed.’

If phosphine is the gaseous fumigant, the phosphine
may be obtained from a cylinder of a pressurised
mixture of phosphine and carbon dioxide. However, as

15 noted earlier in this specification, an on-site
generator is an alternative source of phosphine,
which is preferred in.areas where a regular supply of
gas cylinders cannot be guaranteed.

Variations to the arrangement shown in Figure 3 are
20 possible. As already noted, the control valve 12 may
be replaced with an alternative arrangement for
controlling the supply of fumigant-containing gas to
the duct 1ll. For example, the control of the gas
supply could be by variation of the speed of a fan
25 that is used to create the gas mixture supply 10, or.
by the use of multiple fans which are brought into
the system, with their speeds varied, as required.

- This g
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10 phosphi ne concentrations as low as 4 mcrograns per litre at a
tenperature of 25 C, all stages of the pest had been destroyed after a

‘period of about 6.5 weeks. The results al so show that the tinme for all
insect stages to be destroyed decreases as the I.ne concentration
is increased. Simlar results have beet THIS SHEET A8 her

concentrations of phosphine and with infestati
grain pests (including Tribolium caghapeum
Sitophilus oryzae, Sitophilus 20 zeanai s; Bruchus pisorum O yzaephil us
surinanmensi s and Ephestia cautell a. From t he experinental data obtained,

| has been | el it afticdiinesd BEShA UryiddiPthd Ndrapasamplse ti e

wi th a constant I ne concentration of "at |east™4 m crograns per litre.
25 Wth phospﬁlaﬁ‘& cUﬁ&@ﬁ’PFat‘fl%PBanQ fx9®gthPs PEpsent inventive

concept.

ns ofR E

From the foregoing, it will be clear that the presen£
5 invention provides (i) a method for fumigating grain
by maintaining a continucus, low velocity flow of
fumigant throughout the grain mass being fumigated
and with a constant level of fumigant concentration
that is lower than levels that have been used
10 hitherto; and (ii) a novel arrangement for fumigating
grain stored in a multi-silo grain storage facility.

heet Has Been RTlaced
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litre, the insect population of the grain increased with tine when the pest
was Sitophilus granarius and Sitophilus oryzae Thus concentrations of
"phosphi ne | awer thar—4"niTrograns per |igse ecthvely 30 fum gate

.?ngiggg! ggs;s E‘\‘“MH“ m“\of ph(r)r?p/)hl 3 EﬂﬁrSHEETd‘!AS BEEM{ sight, that
umm

e in BEELAGEDW er gas al so increases
t he efflcacy gat i*on t echni que,

is incorrect. 5
There are also economc factors to consider. A detalled assessnent of
‘econom ¢ factors has shown that at con@@nfratlons in excess of 200

m crograns of

Claims

1. A method of fumigating with phosphine a region
containing grain or similar particulate
material, characterised by the establishment of
a constant linear velocity £flow through the
grain of a carrier gas containing phosphine in a
concentration - which remains within the range of
from- 4 micrograms per litre of the gas to 200
micrbograms per litre of the gas, the flow rate
of the carrier gas being such that the gas
leaves the surface of the grain or the like at a
velocity in the range from 0.5 x 10”% to about
2.0 x 10”% metres per second.

2. A method as defined in claim 1, in which the
concﬂntration of phosphine in the carrier gas is
in the range of from 4 to 100 micrograms per
litre.

3. A method as defined in claim 1, in which the
concentration of phosphine in the carrier gas is

in the range of from 4 to 50 micrograms per
_litre.

4. . A method as defined in any preceding claim, in
which the carrier gas is air.

S. A method as defined in any preceding claim,
further characterised in that

-
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phosphinefBEL_LLLiﬁ;fiHﬂ+gaﬂr I's being masted Thus the phosphine
concentration in th gas shoulpe~+6 ept_within the range of from

‘4 t0 200 m I JHiS §HEEEH[1\8(BBENE yet econoni cal
fum gation ﬂmmﬂ m!l\ eoncent rati ¢

n of ﬂﬂﬂmnpanne shpul d be held at a
constant val le selected fromwi thin the CO et ange of from4 to

100 15 nicrograns per litre, preferably in the range from4 to 50

m crograns per litre, with due consideration being given to the times to

i nsect popul ation extinction for the corfderitrati on chosen. Now the average
life-cycle for grain insects is about 20 1 nonth.  Thus if the

period of |ess thantah t Bh35 GRYSCREE8EHPPon Ut (SHCTRMGRL | R WEPR not
result in the devel opnentapfiersigasi fizaat least 10 micrograms per
litre;
(b) said method is carried out for a period of
from 25 days to 28 days:;
(c) said method is then discontinued for a
period of from 28 days to 35 days:;
(d) said method is then carried out for a
period of from 25 days to 28 days; and
(e) steps (c) and (d) are repeated sequentially
for the duration of the period of
fumigation.

6. A method as defined in any one of claims 1 to 4,

further characterised in that

(a) the concentration of phosphine in the
carrier gas is at least 100 micrograms per
litre; |

(b) said method is carried out for a perlod of
from 12 days to 14 days:

(c) said method is then discontinued for a
period of from 28 days to 35 days;

(a) said method is then carried out for a
period of from 12 days to 14 days; and

(e) steps (c) and (d) are repeated sequentially
for the duration of the '~ periocd of
fumigation. '
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popul ati on of insect pests within the grain for at 25 least this period.
Thus econom ca , maintenapce.af _apn jnsect-free grain
" storage can be““{“ml‘m““ﬂmu const ant - coTISSHEET iWAS BeEpNtir ol | ed | owf 1 ow)
phosphi ne fun1gat|bn'te6hn|que is applied for ﬂEpgA@mgltC)effectively
.disinfest the grain, and 30 then is di scontrnret—tor—ea~per+#od of 28 to 35
days. 12 - The actual period for which the fum gation'technique has to
be applied depends upon the factors noté&d?gré&viously in this specification,
being from25 to 28 days when the phosphine concentration is about 10

ng;gg{ﬁgE per I%Ere,A meggoge gde%xﬁQQrEnaggnggeceéfh&4c § %,'f A

which the phosphine is supplied from a cylinder
containing compressed phosphine or a compressed
mixture of phosphine with another gas.

8. A method as defined in any one of claims 1 to 6,
in which the phosphine is supplied from an
on-site generator of phosphine..

9. Apparatus for effecting the fumigation of a
grain storage facility having a plﬁrality of
silos (13), said apparatus comprising:

(a) a source (10) of a mixture of a carrier gas

| and a gaseous fumigant;

(b) a duct (ll) connected to said source;

(c) control means (12) for varying the supply
of saiad gas mixture from said source to
said duct; and

(d) a respective connection between said duct
and a gas inlet port (16) of each silo in

the facility, each said connection
_including a valve (l4) and an orifice plate
(15), each said orifice plate being

adjusted to provide a pressure drop across
the plate which is substantially greater
than the pressure drop across any other
component between said gas mixture source

and the silo with which the orifice. plate
is associated.

| heet Has Been Reilaced
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concentration is increased to about 100 micrograns per litre. The benefits
of the controIng_LgmhiLgmp#uﬁrgatlon techni que, conpared with conventional
grain storage 10 treat been out sugrent i oned paper
del i vered by DrSH“M\ WEBB ‘\!ﬁ: 1983 St or 3“@1 ‘;&gggéeg&%l“ Conf er ence.
.Si npl e apparatu g the cont o1 | iR I gation

t echni que was suggested when presenting that paper. A system for
establishing 15 lowflow fum gation in mmtt33stio grain storage facilities,

whi ch constitutes a particularly useful application of the present
I nvention. Referri

now__..to Fi qure 3., t he. chenat i
i | lustrated appli &gt'i oﬁp&aréﬁgsp%eﬁ?%i"ﬂﬁgnt"inoncf%l% 90 pﬁﬂ%ﬁféﬁﬂ%f &si | os
conprises a source 10 alespettiivgadiseedibaitoirndglfaswitthih eackupplicedoander
a _

distributing the <carrier gas and fumigant
mixture within the grain mass in its associated
silo.

1l1. Apparatus as defined in claim 9 or claim 10, in
which said control means comprises a control
valve between said source and saidlduct.

12. Apparatus as defined in any one of claims 9, 10
and 11, in which the gaseous fumigant is
phosphine.

+13. Apparatus as defined in claim 12, in which the
phosphine is supplied from a cylinder containing
compressed phosphine or a compressed mixture of
phosphine with another gas.

14, Apparatus as defined in claim 12, including an
on~-site generator of phosphine as a means of
supply of the fumigant.

15. Apparatus for effecting the fumigation of a
grain storage facility having a plurality of
silos, substantially as hereinbefore described
with reference to Figure 3 of the accompanying
drawings.

Sheet Has Been Rep laced
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pressure of about 500 to 700 Pa (that 1is, a pressure of around 2 .
i.nches wat er gauge). Thi s pressure is usually established by a fan (not-.. -
shown in Figure 3) 13 which provides a flow of the carrier gas, into
whi ch the fum gant gas (preferably phosphine) *is introduced by conventi onal
t'echni ques. The source 10 of gas is connected to a supply duct 11 by a

of. each silo 13 in the systemby a res
14 and an orifice plate, 15. Preferab
each silo to ensure thaf the carrier ga

+

control valve 12. 5 The supply duct 11 js gonnected to a gas entry port 16
cfen/e connection conprising a val ve
I é;gistributor 17 is provided in
an

Its fum gant

TOLERANCE
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10 are distributed within the grain mass in such a manner that a uniform

flow of gas is established within each grain nass.

Each di stri but or

17

may conprise a | ouvre arrangenent.

The orifice plates 15 are sized so that

t he maxi mum 15 pressure drop in the system (when fum gation of the grain in

the silos is in progress) 'is acros

s the orifice plates.

As

expl ai ned

earlier

in

this specification,

up with the required gas flow thro
fum gat ed. This steady sta
perturbed to only a smal
"bin") is brought into the system
because fum gation is-not 25 requ
been

degree iffa

a steady state fumgation systemis set
ugh the masses 20 of grain being
cghdition of operating will be
ditional silo (also called a

orf il one of the valves 14 is cl osed .
red in asilo (for exanple, when it has
oy
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enptied of grain). Such a mi nor perturbation can be readily corrected by
adjusting the setting of the control valve 12 so that the ure of gas
«in the duct 11 is returned to its steady stat S EEP HASBEENIYON t he
systemw || again be operating inits requil E&(;F,P I n{addi ti on,
and perhaps nore inportantly, WABSTRAGT aspect he—prEsent

I nvention 1is used, only very mnor changes in pressure in the gas
supply duct are experienced if a 5 bin should be only partly filled, or if

duct " an 5 bi be o led.
Jeing such a systOSHIREY OReATION METHOBARCEAPPATGRTUSOTTA T o

m ne as aseous

An economical, yet effective technique for fumigating grain and other
particulate foodstuffs involves the passage through the grain or the like of a carrier
gas containing phosphine. The concentration of the phosphine in the carrier gas
is within the range of from 4 to 200 micrograms of phosphine per litre. The flow
of the gas is at a constant linear velocity within the grain, and the gas leaves the
grain mass at a velocity of from 0.5x10™ to about 2 x 10* metres per second. In
addition, fumigation of grain in a storage facility having a plurality of grain silos (13)
is effected from a single source (10) of a gaseous fumigant. The single source of
gaseous fumigant is connected to a gas supply duct (11), to which gas inlet ports
of the éilos are also connected. The connection between each gas inlet port and
the ductis proVided with a respective valve (14) and a respective orifice plate (15),
which is adjusted so that the preséure drop_ across the plate into the silo is
substantially greatér than the pressure drop across any other component between
the gas source and the silo. With apparatus arranged in this manner, the flow rate
of gaseous fumigant through the grain-containing silos in the facility suffers only
a minor perturbation when a valve between the duct and a silo is opened or closed.
This minof pertdrbation can be readily compensated by maintaining the gas

pressure in the duct at a constant value.

Figure 3 of the drawings should accompany the abstract when published.
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f um gant, a fUnigation systemfor a grain storage 10 facility having

ei ghteen 'sil os or bins has been desi gned.

I f phosphine is the gaseous

fum gant, the phosphine may be obtained froma cylinder of a pressurised
n : i oxi de. erSubstitute §bp_g‘_8~ 254#98:r in

is an alternative source of
Nkﬂﬁ supply of gas

m-xture of phosphi ne and carbon di oxi de

this .specification, an

on-site generator

Howev

TeATTOR MEHIEH AND

phosphi ne, which is pﬂ@gpﬁmgtigu
ntee

cylinders cannot be guara
Figure 3 are 20 possible. As already Va|VﬁE

replaced with an alternative arrangemsO@'ﬁsc%‘?g&%é7 Fémﬁ t je supp#@“%"%s*'fﬂ
fum gant-containing gas to the duct 1

gas supply coul d be by variation of the sgagd of a fan

Vari ations tOt arrangerTP Wn_in

s 200

An economical, yet effective technique for fumigating grain
and other particulate foodstuffs involves the continuous
controlled passage through the grain or the like of a
carrier gas contaihing phosphine. The concentration of the
phosphiné in the carrier gas is within the range of from 4
to 200 micrograms of phosphine per litre. The flow of the _
gas is at a constant linear velocity within the grain, and
the gas leaves the grain mass at a velocity of from 0.5 x
10" to about 2 x 10™ metres per second. This fumigation
technique is applicable to the fumigation of grain in a
storage facility having a plurality of grain silos (13) and
a single source (10) of a gaseous fumigant. ' The single
source of gaseous fumigant is connected, via a gas supply
duct (11), to gas inlet ports of the silos. The connection
between each gas inlet port and the duct is provided with
a respective valve (14) and a respective orifice plate
(15), which is adjusted so that the pressure drop across
the plate into the silo'is substantially greater than the
pressure drop across any other component between the gas
source and the silo.

(Figure 3)
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2% that is used to create the gas m xture supply 10, or by the use of
nmul tiple fans which are brought into the system wth their_speeds varied,

as required. 15 Gt her nodifications of an engi nee '€§b¢§§ d£#p$é8gf de
omtne 1o :

W t hout departing fromthe present inventive conceptf _
it will be clear that the present 5 invention provid sDéfg)_‘la nEE Wor
fum gating grain by maintaining a continuous, |owyvV LEY S LW oF ]
fum gant throughout the grain nass being fLluri gated and with a constant

| evel of fum gant concentration that is |ower than | evels that have been
used :

TITLE: "PHOSPHINE FUMIGATION METHOD"

Technical Field

This .invention concerns the fumigation of stored,

particulate foodstuffs, such as grain and pulses. More
5 particularly, it concerns a method of fumigation using

phosphine.

Background
In this specification, for convenience, the term "grain"
will be used in the sense that it encompasses not only
10 grain but other particulate foodstuffs that are commonly
stored in bulk, such as peanuts, lentils, peas and other
pulses. This list is not intended to be exhaustive. Also,
in this specifibation, the term "grain pests" will
encompass the pests usually found in stored "grain" and
15 well known to persons who handle grain storages, being
predominantly beetles and some species of moths.

For many years, a range of chemical pesticides have been
applied to stored grain to kill the grain pests that may be
present in the grain. Many of such chemical pesticides

20 leave residues which can be harmful, and care has to be
exercised to ensure that the maximum residue limits (MRL)
are not exceeded.




10 hitherto; and (ii) a novel arrangenent for fum gating graln stored in a
multi-silo grain storage facility. - 16 - THE CLA
I.-NVENTI ON ARE AS FOLLOWS: 1. A method of funiga
a region containing grain or simlar particulate -yerlal g qﬁhrow
conprising: establishing a constant |inear velocity ! IDavie th!m ...t ....... gtfai n
or a carrier gas containing phosphine in a concentra Shr=th=nrgiit he
whol ey of a conplete fum gation process,-rgnmains within the range of from 4
m crofrans per litre of the gas to 200 mcrograns per litre of the gas, the
carri gr gas having a flow rate such that the gas

W
r_.u--—..“ ..\,....._ —
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costly and is not always successful. Accordingly, Dr Winks

proposed a controlled low-flow phosphine fumigation

technique to create a lethal environment for insect pests

that may be maintained for as long as necessary in silos
5 that are not completely gas-tight.

A basis requirement for the controlled low-flow fumigation
technique is to ensure that an adequate phosphine dosage is
achieved within the grain. A concentration which is too
low will not kill all the stages in the development of an

10 insect. 1In addition, to be cost effective, the phosphine
concentration must not be so high that it is wasteful of
fumigant. '

Disclosure of the Present Invention
It is an object of the present invention to provide a

15 refined and efficient form of the low-flow fumigation
method for the long-term control of insect pests in grain
using phosphine as a fumigant.

This- objective is achieved by passing a low
concentration of phosphine through the stored grain




|eaves the surface of the grain or simlar particulate material at a
velocity in the range from0.5 x [err] to 2.0 x [err]_netres_per second 2.

A method as defined in claim 1, in which th¢ ﬁ Nt gneef
phosphine in the carrier gas is in the range of from

‘per litre. 3. A method as defined inclaim 1,

concentration of phosphine in the carrier gas is in f '
50 micrograms per litre. 4. A method aspdefined in any precedlng cIa|n1
in whigh the carrier gas is air. 5. A nmethod as defined in any precedi ng
claimjin which (a) the concentration of phosphi ne in t he

carrief gas is at least 10 mcrograns per litre; and
Thus, according to the present invention, a method of

fumigating a mass of grain or the like comprises

establishing a constant linear velocity flow through the

grain of a carrier gas containing phosphine in a

5 concentration which, during the whole of a complete

fumigation process, remains within the range of from 4

micrograms per litre of the gas to 200 micrograms per litre

of the gas, the carrier gas having a flow rate such that

. the gas leaves the surface of the grain or the like at a

10 velocity in the range of from 0.5 x 10™* to 2.0 x 10™ metres
per second.

Usually the carrier gas, which carries the phosphine into
the grain, will be air, and usually the phosphine will be
supplied from a cylihder containing a pressurised mixture

15 of phosphine and carbon dioxide. However, generators of
phosphine are available (usually these generators use a
controlled reaction between water and a metallic phosphide)
for use in place of cylinders. In country areas, where the
regular supply of gas cylinders cannot be guaranteed, an

20 on-site phosphine generator is the preferred sou;'ée of
phosphine.

Preferably the phosphine concentration within the gas is

maintained within the range of from 10 to 100 micrograms

per litre. More preferably the phosphine concentration is
25 1in the range of from 15 to 50 micrograms per litre.

The use of constant linear velocity flow of gas within a

grain mass is a novel approach to fumigation. Previous

fumigation techniques have been established on the basis of

flows related to the volume of grain that is to be
30 fumigated. '




17 - (b) said conplete fum gation process is for a perlod of fron125 days
to 28 days. 6. A nethod as defined in any one of. Wi ch:
(-:a) the concentration of phosphine in the carrier g SaEﬁLﬁGEMEN$SHE5D
mcrograms per litre; and (b) said conplete fum gatilon pro r
period of from 12 days to 14 days. 7. A net hod as 88U PYetanes
preceding claim in which the phosphine is supplied -
contai ni ng conpressed phosphine or a cogpgessed m xture of phosphine with
anot her gas. 8. A method as defined in any one of clains 1 to 6, in

The fumigatibn arrangement of the present invention was
designed for use with a plurality of vertical silos (that
is, silos having a height to width ratio of at least 1.5 to
1). However, as noted above, the system is equally
5 applicable to single grain storages and to grain storage
facilities comprising silos of other types and capacities.

Normally, the method of the present invention will be
applied indefinitely. However, as also noted earlier in
this specification, it is possible to continue the
10 fumigation technique for short periods only, in an
"extended-one-shot" technique. It should be noted that the
minimum period of application of the fumigant for the
complete extinction of each species varies according to
three factors, namely (i) the nature of the species,
15 (ii) the concentration of phosphine, and (iii) the ambient
temperature. For example, the minimum periods for
extinction of the species Sitophilus granarius, Sitophilus
oryzae, Sitophilus zeamais, Rhyzopertha dominica, Tribolium
castaneum, Bruchus pisorum, Oryzaephilus surinamensis and
20 Ephestia cautella have been deteérmined for phosphine
concentrations of from 4 to 100 micrograms per litre in the
temperature range from 15°C to 25°C, and have been found to
vary from about 50 days at a phosphine concentration of 4
micrograms per litre at 15°C to 10 days at a phosphine
25 concentration of 100 micrograms per litre at 25°C.

Further discussion of the method of the present invention
and a description of its implementation in a multi-silo
grain storage facility will now be provided, with reference
to the accompanying drawings.




whi ch the phosphine is supplied froman on-site generator of phosphine. 9.
A method as defined in any preceding claim in which said reglon conprlses

a plurality of silos, said carrier gas and phosphi ne gee=sH a
single source, via a duct connected to said source, t-FEwﬁheEMEN?sn
connections between said duct and a gas inlet port offf each ?Q gqe si d
connection including a valve and an orifice plate, edCcbaw®aj .WLJ ........... lpre
bei ng adjusted to provide a pressure drop across the ‘SrFce=plat-o—uhl" S

substantially greater than the pressure drop across any other'conponent
bet ween said single source and the silo ¥th whidch the orifice pl ace is
associ at ed.

Brief description of the drawings
Figure 1 is a diagram showing the changes in

phosphine tolerance of a typical grain pest during
its development.

5 Figure 2 illustrates the reduction in the survival of
grain pests within a grain sample when the grain is
subjected to fumigation with constant concentrations
of phosphine.

Figure 3 is a schematic diagram of a multi-sile
10 fumigation system constructed in accordance with the

second aspect of the present invention.

Further discussion of the present invention

The diagram of Figure 1, which has appeared
previously in the aforementioned Rural Research
15 article and in the paper by R G Winks entitled "The
effect of phosphine on resistant insects”, which is
included in the Proceedings of the CASGA Seminar on
Fumigation Technology in Developing Countries, 1986,
pages 105 to 118, shows how insect eggs and the pupal
20 stage of the development of a beetle or other grain

pest is significantly more resistive to fumigation
than the larval and adult stages. Thus if a grain
storage is fumigated at a constant concentration of
phosphine, the concentration must be sufficiently

25 high to destroy all eggs and pupae, or it must be
- maintained at a value which is adequate to kill all



-.18 - 10. A method as defined in claim9, including a respective
distributor within each silo for distributing the carrier gas and fum gant

nmxture within the grain mass or nass of simlar partiq ial __in
its associated silo. 11. A nmethod as defined in claim (HEPQAQEQEN98H$E
i ncluding a control valve between said source and said kuct F

nodi fi cati ons of an engi neering nature may be made wit
t he present inventive concept.
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adult pests and their larvae for a time sufficient
for the more tolerant eggs to become the less
tolerant larvae and for the pupae to become adults.

By monitoring the carbon dioxide production (from
S insect respiration) in a sample of grain which was
infested with Sitophilus granarius, to which
phosphine was supplied at a constant concentration,
the results displayed in graph form in Figure 2 were
obtained. These results show that even with
10 phosphine concentrations as low as 4 micrograms per
litre at a temperature of 25°C, all stages of the
- pest had been destroyed after a period of about 6.5
weeks. The results also show that the time for all
insect stages to be destroyed decreases as the
15 phosphine - concentration is increased. Similar
results have been obtained using other concentrations
of phosphine and with infestations of other species -
of grain pests (including Tribolium castaneum, "
Rhyzopertha dominica, Sitophilus oryzae, Sitophilus
20 zeamais, Bruchus pisorum, Oryzaephilus surinamensis
and Ephestia cautella. From the experimental data
obtained, it has been found that all insect pests are
killed in a reasonable time with a constant phosphine
concentration of at least 4 micrograms per litre.
25 Wwith phosphine concentrations of 2 micrograms per
litre, the insect population of the grain increased
with time when the pest was Sitophilus granarius and
Sitophilus oryzae. - Thus concentrations of phosphine

lower than 4 micrograms per litre do not effectively
30 fumigate a grain mass.




Fromthe foregoing, it will be clear that the present 5 invention provides
(i) a method for fum gating grain by maintaining a continuous, | ow
velocity flow of fum gant throughout the grain nass ﬁgp

with a constant |evel of funigant concentration that ENRSHEEE VR S
t hat have been used 10 hitherto; and (ii) a novel anr e f
fumgating grain stored in a nulti-silo grain stora %}gcpﬂm Eym#; -
Clains 1. A net hod of fumigating with phosphine a region contarning

grain or simlar particul ate nater'igl,_cpﬁracterised by the
est abl i shnent of - —

Although it may appear, at first sight, that
increasing the concentration of phosphine in the
carrier gas also increases the efficacy of the
fumigation technique, this conclusion is incorrect.

5 There are alsc economic factors to consider. A
detailed assessment of economic factors- has shown
that at concentrations in excess of 200 micrograms of
phosphine per litre, fumigant is being wasted. Thus
the phosphine concentration in the carrier gas should

10 be kept within the range of from 4 to 200 micrograms
per litre. For an effective yet economical
fumigation technique, the concentration of phosphine
should be held at a constant value selected from
within the concentration range of from 4 to 100

15 micrograms per litre, preferably in the range from
4 to 50 micrograms per litre, with due consideration
being given to. the times to insect population
extinction for the concentration chosen.

Now the average life-cycle for grain insects is about
20 1 month. Thus if the concentration of phosphine is
sufficient to kill all insect stages in a period of
less than 30 to 35 days, cessation of the fumigation
will not result in the development of a significant
population of insect pests within the grain for at
25 least this period. Thus economical, yet effective,
maintenance of an insect-free grain storage can be
effected if the constant-concentration (controlled
low-flow) phosphine fumigation technique is applied
for a period to effectively disinfest the'grain, and
30 then is discontinued for a period of 28 to 35 days.



a.constant linear velocity flow through the grain of a carrier gas

cont ai ni ng phosphine in a concentration which remains within the range of
from4 mcrograms per litre of the gas to 200 mi crograns ' t he
gas, the flowrate of the carrier gas being such
surface of the grain or the like at a velocity in|\{tReP

[err] to about 2.0 x [err] netres per second. 2. th@dres..! eLi.nkd in
claim11, in which the concentration of-pit@wsphi ne ool T2 is in
t he rande of from4 to 100 micrograns per litre. 3 A nethod as defined
inclaipl, in which the concentration of phosphine in the carrier gas is

in the rjange of from4 to 50 m crograns per
The actual period for which the fumigation technique has to

be applied depends upon the factors noted previously in
this specification, being from 25 to 28 days when the
phosphine concentration is about 10 micrograms per litre,
5 and being as short as from 12 to 14 days if the phosphine
©  concentration is increased to about 100 micrograms per
litre.

The benefits of the controlled low-flow fumigation

techniqué, compared with conventional grain storage

| 10 treatments, have been outlined in the aforementioned paper

delivered by Dr R G Winks at the 1983 Stored Grain
Protection Conference. Simple apparatus for establishing
the controlled low-flow fumigation technique was suggested
when presenting that paper. A system for establishing

15 low-flow fumigation in multi-silo grain storage facilities,
which constitutes a particularly useful application of the
present invention.

Referring now to Figure 3, -the schematically
illustrated application of the present invention to a
20 plurality of silos comprises a source 10 of a
fumigant-containing gas which 1is supplied under a
pressure of about 500 to 700 Pa (that {is, a
pressure of around 2 inches water gauge). This pressure
is usually established by a fan (not shown in Figure 3)




litre. 4. A nmet hod as defined in any brecedi ng claim in which the

carrier gas is air. 5. A nethod as defined in any preceding claim
further characterised in that - 21 - (a) the concen:

in the carrier gas is at least 10 micrograms per |itre] REFLACEMENTESHEET |
carried out for a period of from 25 days to 28 days; ( ) saldjgaFEBms
then discontinued for a period of from 28 days to

-------- dssdtsncronansnuncen

_..n.-_ o e e

which provides a flow of the carrier gas, into which
the fumigant gas (preferably phosphine) is introduced
by conventional technigques. The source 10 of gas is
connected to a supply duct 1l by a control valve 12.

5 The supply duct 11 is connected to a gas entry port
16 of each silo 13 in the system by a respective
connection comprising a valve 14 and an orifice plate
15. Preferably a distributor 17 is provided in each
silo to ensure that the carrier gas and its fumigant

10 are distributed within the grain mass in. such a
manner that a uniform flow of gas is established
within each grain mass. Each distributor 17 may
comprise a louvre arrangement.

The orifice plates 15 are sized so that the maximum
15 pressure drop in the system (when fumigation. of the
grain in the silos is in progress). is across the
orifice plates. As explained earlier in this
specification, a steady state fumigation system is
set up with the required gas flow through the masses
20 of grain being £fumigated. This steady state
condition of operating will be perturbed to only a
small degree if an additional silo (also called a
"bin") is brought into the system, or if one of the
valves 14 is closed because fumigation is not
25 required in a silo (for example, when it has been
emptied of grain). Such a minor perturbation can be
readily corrected by adjusting the setting of the
control valve 12 so that the pressure of gas in the
duct 11 is returned to its steady state value,
30 whereupon the system will again be operating in its



(d) said nethod is then carried out for a period of from25 days to 28
days; and (e) steps (c) and (d) are repeated sequentially for the

duration of the period of fum gation. 6. A et hod
one of claims 1 to 4, further characterised in that (a) tﬂ%‘-@&ﬁ&&hﬂr&ﬂ!ﬂ]ﬂ

of phosphine in the carrier gas is at |east 100 m crogr pe"gpgeq% b)
said nethod is carried out for a period of from 12 day -

said nethod is then discontinued for a period of from 8 days to 35

days; (d) said nethod is then carr_ie‘ge _putm for a period of from12
days to 14 days; and _ -
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required manner. In addition, and perhaps more
importantly, when this aspect of the present
invention is |used, only very minor changes in
pressure in the gas supply duct are experienced if a
S bin should be only partly filled, or if some of the

bins of the storage facility contain different
commodities.

Using such a system, with phosphine as the gaseous

fumigant, a fumigation system for a grain ‘storage
10 facility having eighteen silos or bins has been

designed." '

If phosphine is the gaseous fumigant, the phosphine
may be obtained from a cylinder of a pressurised
mixture of phosphine and carbon dioxide. However, as’
15 noted earlier in this specification, an on-site
generator is an alternative source of phosphine,
which is preferred in'areas where 2 regular supply of
gas cylinders cannot be guaranteed. '

Variations to the arrangement shown in Figure 3 are
20 possible. As already noted, the control valve 12 may
be replaced with an alternative arrangement for
controlling the supply of fumigant-containing gas to
the duct 1ll. For example, the control of the gas
supply could be by variation of the speed of a fan
25 that is used to create the gas mixture supply 10, or
by the use of multiple fans which are brought into
the system, with their speeds varied, as required.



(e) steps (c)

period of fum gation. - 22 - 7. A net hod as defiped-—is—=Fy _
claim in which the phosphine is supplied froma cy |mmrAQEME'ﬁﬂ P

8. A method as defined in any one of clains 1t06 DiteWii.Lh.-

and (d) are repeated sequentially for the duratlon

phosphine is supplied froman on-site generator of pHespH~e

Apparatus for effecti'ng the fumigation of a grain storagefaC|I|ty

having a plurality of - %~ 15

10

Other modifications of an engineering nature may be
made without departing from the present inventive
concept.

From the foregoing, it will be clear that the present
invention provides (i) a method for fumigating grain
by maintaining a continuous, low velocity flo_v} of
fumigant throughout the grain mass being fumigated
and with a constant level of fumigant concentration
that is lower than 1levels that have been used
hitherto; and (ii) a novel arrangement for fumigating
grain stored in a multi-silo grain storage facility.

of

_the



silos (13), said apparatus conpri sing:

carrier gas and a gaseous fum gant; (b) a duct (11) connected to said

source; (c) control neans (12) for varying the supply

EE&EQAL&EE&ﬁ&#&ﬂL:_
SRR .2, = 1250t co hrertpominr e
sai d connection ifficl dithg & Valve (14) and an orifide éﬂ, K ea
plate being adjusted ta grgow de a pre

from said sourc
duct and a gas-

said orifice

plate whigh is substantially greater than the pressure drop across any
ot her conponent between said gas m xture source

1.

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A method of fumigating with phosphine a region
containing grain or similar particulate material, said

- method comprising: establishing a constant 1linear

velocity flow through the grain or a carrier gas
containing phosphine in a concentration which, during
the whole of a complete fumigation process, remains
within the range of from 4 micrograms per litre of the
gas to 200 micrograms per 1litre of the gas, the
carrier gas having a flow rate such that the gas
leaves the surface of the gréin or similar particulate
material at a velocity in the range from 0.5 x 10™ to
2.0 x 10 metres per second.

A method as defined in claim 1, in which the
concentration of phosphine in the carrier gas is in
the range of from 4 to 100 micrograms per litre.

A method as defined in claim 1, in which the

. concentration of phosphine in the carrier gas is in

the range of from 4 to 50 micrograms per litre.

A method as defined in any preceding claim, in which
the carrier gas is air.

A method as defined in any preceding claim, in which

(a) the concentration of phosphine in the
carrier gas is at least 10 micrograms per litre:
and

(a) a source (10) of a mxture of a




and the silo with which the orifice plate is associ at ed. - 23 - 10.
Appar atus as defi andl ng a respective distributor (17)

w thin each silo f Istributi carrier gas and fum gant m xture
within the grain mas “u“l\t %\Wed silo. 11. Ap i '
claim9 or claim 10, ““\ ontrol means co
bet ween sai d source artd $Said duct 12. Apparatus as
claims 9, 110 and 11, in which the-ddseous fu
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(b) said complete fumigation process is for a period
of from 25 days to 28 days.

6. A method as defined in any one of claims 1 to 4, in
which:

(a) the concentration of phosphine in the carrier gas
is at least 100 micrograms per litre; and

(b) said complete fumigation process is for a period

' of from 12 days to 14 days.

7. A method as defined in any preceding claim, in which
the phosphine is supplied from a cylinder containing
compressed phosphine or a compressed mixture of
phosphine with another gas.

8. A method as defined in any one of claims 1 to 6, in
which the phosphine is supplied from an on-site
generator of phosphine.

9. A method as defined in any preceding claim, in which
said region comprises a plurality of silos, said
" carrier gas and phosphine are supplied from a single
source, via a duct connected to said source, to
respective connections between said duct and a gas
inlet port of each silo, each said connection
including a valve and an orifice plate, each said
orifice pléte being adjusted to provide a pressure
drop across the orifice plate which is substantially
greater than the pressure drop across any other
component between said single source and the silo with
which the orifice place is associated.




phosphine. 13. Apparatus as defined in claim12, in whi ch the phosphi ne
i's supplied froma cylinder contain |ng corrpressed phosphi ne or a conpressed

m xture of phosphi ne mnth an 14. Appar at us |p3 _ger+red=ta=cl-a

12, incl udi ng an\ ﬁmr of phosphine as a NEEHSAGEMENDWE@f
thefumgant fecting the funi gatiffo F I‘iraln stor
facility having a pIurallty of silos, substantially -'W

described*with reference to Figure 3 of the acconpanying
Sheet Has|Been Repl aced - 18 -

10. A method as defined in claim 9, including a respective
distributor within each silo for distributing the
carrier gas and fumigant mixture within the grain .mass
or mass of similar particulate material in its
associated silo.

- 11. A method as defined in claim 9 or claim 10, including
a control valve between said source and said duct.
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ABSTRACT

"PHOSPHINE FUMIGATION METHOD"

An economical, yet effective technique for fumigating grain
and other particulate foodstuffs involves the continucus
controlled passage through the grain or the like of a
carrier gas containing phosphine. The concentration of the
phosphine in the carrier gas is within the range of from 4
to 200 microgréms of phosphine per litre. The flow of the
gas is at a constant linear velocity within the grain, and
the gas leaves the grain mass at a velocity of from 0.5 x
10™* to about 2 x 10™ metres pe:: second. This fumigation
technique is applicable to the fumigation of grain in a
storage facility having a plurality of grain silos (13) and -
a single source (10) of a gaseous ' fumigant. The single
source of gaseous fumigant is connected, via a gas supply
duct (11), to gas inlet ports of the silos. The connection
between each gas inlet port and the duct is provided with
a respective valve (14) and a respective orifice plate
(15), which is adjusted so that the pressure drop across
the plate into the silo is substantially greater than the
pressure drop across any other component between the gas
source and the silo.

Figure 3 of the drawings should accompany the abstract when published.



