
- 1 - MULTI-SILO FUMIGATION ARRANGEMENT Technical Field This invention
concerns the fumigation of stored, particulate foodstuffs, such as grain
and pulses.   More particularly, it concerns apparatus for fumigating a
grain 5  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 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 specification,
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.    -2- 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 5 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 invention, 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    -3- 



the effective concentration of phosphine in the grain 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 5 recirculating
technique (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   



-4- costly and is not always successful.   A substantially improved
fumigation technique, which ensures that an adequate phosphine dosage is
achieved within the grain, is the subject of Australian patent application
No 58584/90. 5 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
grain, as required. In such systems, as in any multi-silo storage facility,
it would be 10 advantageous to provide a single fumigation arrangement,
utilising a single source of phosphine (or other suitable gaseous fumigant)
and carrier gas, which ensures that any number of the silos in the facility
can be fumigated without the need to re-design the fumigation system each
15 time a silo is brought into use for grain storage, or is removed from
the system because it has been emptied of grain. Disclosure of the Present
Invention It is an object of the present invention to provide an 20
arrangement which can be used to implement a 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, utilising a single source of fumigant-containing gas. 25  To  achieve
this  objective,   a  single  gas  mixture source  is  connected  to  a
single  duct.   The  duct  is    



-5- connected to a gas input port of each silo in the grain storage
facility.    Between the duct and each 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 port  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 silo is filled or partially filled with grain, the opening of the
valve between the gas input port of that silo 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 



-6- within the duct back to its steady state value by adjustment of a
suitable control mechanism for the gas supply to the duct. Thus, according
to the present invention, there is provided 5  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; 10  (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, 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. 20  The control
means may comprise a control valve between the source and the duct, or it
may comprise 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).    



-7- Once such a system   has been set up to establish the required flow
rate of fumigant-containing gas through the silos, the flow rate through
the grain in each silo containing grain can be maintained at the required
level 5 when a valve in a connection between the duct and a silo is opened
or closed simply by varying the setting of the control valve (or other form
of control means) to maintain a constant pressure of the gas within the
duct. The fumigation arrangement of the present invention was 10 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 facilities comprising silos
of other types and capacities. 15 Preferably, the fumigation method
practiced with the present  invention  will  be  that  described  in  the
specification of Australian patent application No 58584/90, the contents of
which are incorporated into this specification by this reference to
application No 58584/90. 20 Further discussion of the implementation of the
present invention in a multi-silo grain storage facility will now be
provided, with reference to the accompanying drawings.    -8- 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-silo 10 fumigation system constructed in accordance with 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    -9 - 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 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
[err]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.    - 10 -
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 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 signif icant 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.    



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.    However,
the  inconvenience  (and  extra  cost) associated with the periodic
stopping and starting of the fumigation technique may make this variation
of the 10  technique unattractive to some users of it. The benefits of the
controlled low-flow fumigation technique, compared with conventional grain
storage treatments, have been outlined in the aforementioned paper
delivered by Dr R G Winks at the 1983 Stored Grain 15 Protection
Conference. Simple apparatus for establishing that technique in a single
silo was suggested when presenting that paper.   A system for establishing
that low-flow fumigation in multi-silo grain storage facilities constitutes
the preferred form of the present invention 20 (though it will be
appreciated that other fumigation techniques can be effected using the
present invention). Referring now to Figure 3, the schematically
illustrated embodiment of the present invention comprises a source 10 of a
fumigant-containing gas which is supplied 25 under a pressure of about 500
to 700 Pa (that is, a pressure of about 2 inches water gauge). This
pressure is usually established by a fan  (not shown in Figure 3)    - 12 -



which provides a flow of the carrier gas, into which the fumigant gas
(preferably phosphine) is introduced by conventional techniques.   The
source 10 of gas is connected to a supply duct 11 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  



- 13 - 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 11.   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. Other
modifications of an engineering nature may be made 



without departing from the present inventive concept.    - 14 - THE CLAIMS
DEFINING THE INVENTION ARE AS FOLLOWS: 1.   Apparatus for effecting the
fumigation of a grain storage facility having a plurality of silos, said
apparatus comprising: (a) a single source of a mixture of a carrier gas and
a gaseous fumigant; (b) a single 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. 2.   Apparatus  as
defined  in  claim  1,  including  a respective   distributor   within
each   silo   for distributing the carrier gas and fumigant mixture within
the grain mass in its associated silo. 3.   Apparatus as defined in claim 1
or claim 2, in which said control means comprises a control valve between
said source and said duct. 4.   Apparatus as defined in claim 1, claim 2 or
claim 3, 



in which the gaseous fumigant is phosphine.    - 15 - 5. Apparatus as
defined in claim 4, in which the phosphine is supplied from a cylinder
containing either compressed phosphine or a compressed mixture of phosphine
with another gas. 6. Apparatus as defined in claim 4, in which the
phosphine is supplied from an on-site generator of phosphine. 7.
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.    


