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INTRODUCTION: Research on the technology of the application of
control led atmospheres as a substitute for the use of chemical
insecticides, has received special attention in view of the
problems arising from the development of insecticide resistance
and pesticide residues (l). The controlled atmosphere storage of
dry grain (for cereals below 3% moisture content) consists of
altering the atmospheric composition within a structure containing
the grain to give a combination of the atmospheric gases lethal

to insects.

Various combinations of atmospheric gases have been
suggested for the control of stored-product insects. Controlled
atmospheres which could be utilized for grain storage are those
with reduced oxygen (02) tenslon and/or those with an increased
carbon dioxide (COp) content. Means of producing controlled at-
mospheres include the purging of airtight silos with nitrogen
(Np) (fo reduce the 02 to less than 2%) or CO2 from tankers (to
produce a mixture of 60% COp in air), or to use low 02 atmospheres
produced by hydrocarbon burners (typically producing atmospheres
containing 13% COp, less than 1% Oy, with the balance Np). (2, 3).

Field trials aimed at using N2 or CO, to establish and
maintain an atmosphere containing 1.5% Oz or 60% COp have been
carried out (1, 4). |In these trials the approach was to seal
silos to a standard which minimized the amount of gas required to
maintain the atmosphere within acceptable |imits. Although the
use of Np or COp from gas tankers gave satisfactory results, they
may require long hauls to the site of use. |t was demonstrated
that on-site generation using exothermic inert-atmosphere genera-
tors was promising also (5).

Generation of an Inert atmosphere may be possible employ-
ing propane burners using a flame generator or by catalytic com-
bustion. The large-scale frials described in this paper were
aimed at ascertaining the feasibility of using a catalytic 02
converter to generate atmospheres for the control of stored grain
Insects.

MATERIALS AND METHODS: Inert atmosphere generator. The generator
consisted of an 0y converter type CIE manufactured by Sulzer,
Switzerland, used in the fruit conservation industry. During
operation, propane gas is combusted catalytically without flame,
and the exhaust gases are blown into the storage structure by a
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blower at a rate of 144 m3/hr. Combustion takes place in the
reaction chamber and following it the gases are cooled by water

in a spray cooler. Water removed from the gases leaves the cooler
through a seal leg. The exhaust gases were conveyed to the silo
by a P.V.C. pipe of 105 mm 1.d. The Oy converter was operated in
recirculation, with the gases blown through the roof of the silo
and sucked into the converter through a pipe connected to the
aeration duct.

Operation of the 02 converter. The converter was
operated in ftwo phases, the purge and the maintenance. In the
purge phase the converter was operated continuously until the
desired atmosphere was obtained within the bin. Towards the end
of this phase, when the 02 concentration within the bin dropped
to 3% to maintain the converter in operation, a calculated flow
of ambient air was permitted to penetrate through the recirculated
gas entry duct of the converter. In this way O concentrations
lower than 0.5% were created within the bin.

In the maintenance phase, the atmosphere created within
the bin was maintained for the required period of time. To
achieve this it was necessary to operate the converter inter-
mittently to maintain the desired gas concentration against
leakage.

Experimental bins. Experiments were conducted in three
welded steel bins containing 1252, 1193, and 106 tons of wheat
(referred to in the text as bins A, B, and C, respectively).

Bins A and B were siImilar in shape and dimensions: |4 m diameter,
Il mhigh, with a flat floor (Figure 1). Bin C had a 9.8 m
diameter and was 23.5 m high, with a conical base.

RESULTS AND DISCUSSION: Operation of the 0o converter. Data
obtained on operating the converter in five trials are shown in
Table |. The estimated operation time required in the purge phase
for reducing the Oz concentration from 2| to 0.5% was 57, 59, and
54 hr for bins A, B, and C, respectively. However, from Table |
it Is seen that in different trials the reduction of Oy concen-
tration was achieved in 37.3 to 74.4 hr and only In trial no. 1V
did the operation last 60.3 hr, as expected. The main factors
responsible for these differences were the gastightness level of
the bin and the existing insect population. In trials no. | and
I1l, a longer operation time was required due to low gastightness
and in trial no. |l the initial high insect population confributed
to consumption of O by respiration, thus shortening the converter
operation period.

The catalytic converter consumes electricity for the
heat exchanger before it reaches its operation temperature, and
for the blower. From Table | it 1s seen that the mean energy
. consumption was 3.0!1 kw/hr. However, in trials no. |l to IV the
energy consumption was higher, apparently due to a failure in the
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FIGURE 1. Vertical section of the steel bin containing 1193 tons
of wheat on which the oxygen converter was tested,

reaction chamber. The results obtained in frials no. | and YV were
closer to the manufacturers' specificatlons. The energy consump-
tion during the maintenance phase was higher, due to intermittent
operation requiring repeated preheating at each operation stage.

The heated gases were cooled using tap water at a mean
rate of 1300 |/hr (Table 1). This may present a problem In dry
areas, where the water supply Is limited. However, an alternative
that should be considered for cooling the gases is the use of re-
circulated water through cooling towers.

Mean propane gas consumption was |.17 kg/hr (Table 1).
The longest operation period In trial no. V was 114,5 hr (includ-
ing the maintenance phase) for which the propane consumption was
|36 kg. This figure should be compared with that in the method
of application of Ny which requires approximately 1315 kg of Np
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(calculated for maintaining 1% Oy for three weeks), based on sug-
gested practical requirements (2). Under conditions in which
transport of nitrogen constitutes one of the major costs and
necessitates long hauls to the site of use, the method of on-slte
generation of the controlled atmosphere should be considered.

The exhaust pipe of the converter was connected to the
apex of the bin (Figure 1). This was done fto permit the water
vapor in the gas mixture, which had 90-96% relative humidity, to
condense in the pipe. The mean rate of this condensed water
collected from the bottom of the pipe was 1.16 |/hr (Table 1).
The water was collected to prevent its entry into the bin, Thereby
increasing the moisture content of the grain.

The calculated mean rate of O, consumption by the con-
verter was 2.65 m3/hr, very close to the figure of 2.6 m3
by the manufacturers of the converter.

Changes in gas concentration. Typical changes in con-
centration of 02 and COp within the bin obtained in frial no. IV
are shown In Figure 2. In this trial the purge phase lasted
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Figure 2. Changes in gas composition by intermittent operation of

oxygen converter for a total of 79.8 hr in a horizontal
steel bin containing 1193 tons of wheat
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60.3 hr, during which the average 0, concentration was reduced to
0.2%. During the maintenance phase, which lasted 2] days, the 0,
concentration was maintained below 2% by intermittent operation of
the converter for a total of 19.5 hr.

Results of other trials showed that at the end of the
purge phase 02 concentration was reduced to the range of 0.2-1.2%.
Operation of the converter in all the trials resulted in an
increase in CO2 level to 9.8-13.3%.

In tests carried out using two exothermic inert-
atmosphere generators producing 850 m3/hr of inert atmosphere,
concentrations of 0.1-0.9% O were obtained after 24 hr in a bin
of 540 tons of wheat (5). Although the volume of the atmosphere
and the rate of 0, reduction by these large units were high, the
results of the present study support the feasibility of inert-
atmospheric generators for producing low O, atmosphere in struc-:
tures containing grain.

Moisture content and grain temperature. The moisture
content of wheat samples taken from different layers of the bin
showed that the surface layer was the most markedly affected by
purging the grain (Table I1). Grain samples ftaken from 0-10 cm

Table II. Moisture content of grain before and after controlled
atmosphere purging, and temperature of the bulk in
experimental bins containing wheat

Moisture content of grain (%)

Trial

o " Surface layer* . Within the bulk fTempe;afure
. . . O
3 . . o}
' Before ' After  Before . After graln(°c)
. purging : purging . purging . purging
| 122 2.8 11.6 1.8 20
H 245 13.0 10.7 10.4 36
I 2% 2.8 10.2 10. 1 28
v 180 .6 {02 10.5 28
v 9.6 - 11.0 E 35

*¥Measured on samples taken from the top 0-10 cm of the grain
bulk.

below the surface of the bulk showed an almost constant increase
of 0.6% in moisture content. To enable the gases containing high
humidity to disperse, a P.V.C. sheet (3 x 3 m) was placed above
the bulk's surface and below the point of gas entry to the bin.
This prevented moistening of grain at the gas inlet location.
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Most of the grain in fthe bulk was not markedly affected by the
humidity of the gases.

The temperature factor is an important one in determining
the exposure time required to achieve insect mortality (6, 7).
Temperature measurements (shown In Table |l) indicate that In
trial 11, the highest temperature (38° C)prevailed for producing
mortal ity at a shorter exposure time.

Insect mortality. Results of fests carried out on mor-
tality of Insects naturally found in grain and of test Insects
introduced into the bulk, are shown in Table IIl. The 100%
mortality achieved in trial no. |l can be attributed to the high
temperature prevailing in the bulk during the trial. In contrast
to this, in trials no. |ll and IV insects survived, especially In
the surface layer and on the bin floor.

Controlled atmosphere storage has no residual effect on
grain, which after treatment is subject to further damage by sur-
viving or invading insects. Insect aggregation in an O, concen-
tration that permits survival is a limitation of conftrolled atmos-
phere storage. The dispersal response of three stored product in-
sects to atmospheric gas gradients has been investigated (8). The
results obtained for Oryzaephilus surinamensis, Sitophilus oryzae,
and Rhyzopertha dominica in the presence of a stable 0y gradient
indicated that dispersion was signiflcantly restricted by 0.9% Oo.
|+ appears that there is |ittle chance of insects dispersing from
low 0o levels towards regions in the bulk having high Oy levels as
occur in the region of leaks in the structure. Insects already
found In such a region may survive the treatment, and form a source
for reinfesting the bulk after treatment. The surviving insect
populations found in the surface layer and on the bin floor seem,
therefore, to have derived from insects already existing in these
locations.

The natural insect population recorded in trials no. 11,
I1l, and IV comprised, in decreasing intensity, the folloewing
species: 0. surinamensis, Tribolium castaneum, R. dominica, and
S. oryzae. 1t has been demonstrated that in 2.5% 0y, mortality of
T. castaneum |larvae and adults was 100% after |4 days' exposure at
26.7°C (9). In an atmosphere of less than 1% 02 at 27°C, 95% mor-
tality of 0. surinamensis and R. dominica adults was obtained
after exposure for |1.2 and 31.0 hr, respectively. These data
suggest that the given gas concentrations for the exposure of
24 days in trial no. |V should cause complete control of Insects.
Survival of the natural insect population recorded in frial no. 1V
was found in one out of 56 grain samples taken from the bin. This
sample was taken from the region around the aeration duct on the
bin floor. |In that location, consistently higher O concentrations
were recorded than at the remaining sampling points in the bin.
This apparently was the cause of Insect survival.

Although the mortality of test insects introduced into
the bin was high, the causes of survival may be explalined as
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follows: (a) Insect cages containing insects were located close to
bin opening in the head space and bin floor (Figure 1). Although
the 02 concentration was even during the intermittent operation of
the converter, the rate of Increase in O, levels between each opera-
tion was higher in these locations, relative to other sampling
points. (b) Trial IV was carried out during the cool season
(January) of the year, when ambient temperatures were In the range
of 7-17°C. Temperatures at the bin periphery were significantly
lower than in the grain bulk, a fact which may have contributed

to test Insect survival.

Gastightness of the structures. In controlled atmos-
phere treatment a high standard of gastightness is essential to
prevent rapid gas loss. To determine the degree of gastightness,
the static pressure test was applied in the present study. This
test has the advantage of being Independent of bin volume. The
test consisted of raising the pressure within the structure by
introducing different flow Input rates and recording their equiva-
lent differential pressures relative to ambient (10).

Results on static pressure - flow tests and the calcu-
lated air ingress rate calculated for different trials are given
in Table IV. From the table it is seen that to maintain a static
pressure of 10 Pa - the higher the flow rate required, the higher
was the calculated air ingress rate that brought about an increase
in 0o level after the controlled atmosphere was generated. How-
ever, more field tests are required to collate additional Informa-
tion for interpreting the gastightness measurements in the |ight
of recent developments. The results In Table |V may serve as
guidelines for a comparative analysis of the gastightness In
large-scale trials.

CONCLUSIONS: The results of this work indicate the feasibility of
using an Oy converter for generating controlled atmospheres in
welded steel bins. The experimental structures, with slight modi-
fications, gave a reasonable level of gastightness. However, more
research is required to ascertain the feasibility of the controlled
atmosphere method in bins different in size, structure, and degree
of gastightness.

The application of a controlled atmosphere gave more
satisfactory results in grain at high temperatures. Application
of the method for insect control when the grain temperature is
high, and the use of aeration subsequently fo reduce grain ftemper-
ature, should be considered as complementary conservation methods.
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