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Summary 

A commercial method of applying 
methyl bromide and carbon dioxide 
mixtures to wheat silos in order to con
trol grain insects bas been developed. 
Carbon dioxide from a road tanker is 
passed through a vaporizer in which it 
is mixed with air. A gas mixture con
taining 60"10 carbon dioxide is piped to 
the base of a silo where methyl 
bromide is bled into the gas stream. In 
trials in 2000-t wheat silos, the inter
stitial and headspace air was gradually 
expelled by the gas mixture. When the 
mixture was detected at the top of the 
silo, the gas purge ceased and the silo 
was sealed. This method gave good gas 
distribution which was subsequently 
maintained by a smaD recirculation fan 
(37 W). 

It was found that when a concentra
tion X time product (ct) of 50 g h·1 

m·3 of methyl bromide was achieved, 
all stages of 1Hbolium castaneum, 
RhY1.opertha dominica, Sitophilus ory
l.ae and S. granarius were killed. Fumi
gation could be completed within 24 h 
using only 23 kg of methyl bromide in 
a 2000-t silo, 113 of the minimum dose 
currently recommended for commer
cial fumigation. Bromide residues on 
the wheat were much lower and tbe 
ventilation time required to reduce 
methyl bromide concentrations to the 
threshold limit value of 5 ppm was 
much shorter (by more than 24 h) than 
for a commercial treatment with 
methyl bromide alone. 

Introduction 

Laboratory studies on the effects of 
mixtures of methyl bromide and car
bon dioxide on insects have indicated 
that the toxicity of methyl bromide can 
be increased in the presence of carbon 
dioxide (Cotton and Young 1929; Jones 
1938; Bond and Buckland 1978; Wil
liams 1982, 1985). 

Williams et al. (1984) compared the 
effectiveness of methyl bromide, in 
conjunction with carbon dioxide under 
recirculation in commercial silos, to a 
similar concentration of methyl bro
mide applied alone, and demonstrated 
the potential for commercial use of 
such a gas mixture. This paper de
scribes additional commercial trials 
in which the technique for applying 
methyl bromide and carbon dioxide 
mixtures to disinfest grain was further 
developed. In addition, commercial 
methyl bromide fumigations using 
currently recommended dosage rates 
(Williams et al. 1980) were carried out 
to compare bromide residue levels on 
wheat and post-fumigation ventilation 
times. 

Materials and methods 

In the 1983 trial only one si lo of wheat 
was available for fumigation with a 
mixture of carbon dioxide and methyl 
bromide. This si lo was subsequently 
ventilated and later resealed for a 
methyl bromide fumigation. In 1984 
two silos were used: the first was 
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fumigated with a carbon dioxide and 
methyl bromide mixture and later with 
methyl bromide alone, as in 1983; the 
second was fumigated with methyl 
bromide alone. Dimensions of the silos 
and details of loads are given in 
Table I. 

Concentrations of methyl bromide 
and carbon dioxide within the silo were 
measured periodically at 20 locations 
(Figure I). Ambient and grain tem
peratures were monitored, and grain 
moisture contents were measured as 
described by Williams et al. (1984), 
except that in 1984 a moisture meter 
(Marconi) was used instead of the oven 
method (Williams et 01. 1984). 

Bioassays were carried out by means 
of spear and pipe cages, each holding 
a ll stages of either Tribolium castan
eum (Herbst), Rhyzopertha dominica 
(E), Sitophilus orY1.ae (L.) or S. gran
arius (L.) (Williams et al. 1984). Spear 
cages were either probed into the grain 
or into steel pipes at the base of the 
silo. The walls of these pipes were per
forated to permit penetration of gas. 
Pipe cages were placed in the wheat 
immediately below the surface of the 
bulk at the top of the silo (Figure I). 

Gas recirculation system 

Each si lo was fitted with rigid PVC 
piping (228.6 mm, int. diam.) for gas 
recirculation and ventilation. A 'large' 
centrifugal fan was used to recirculate 
and venti la te gases in the silos. The 
fan was designed to run at 2940 rpm, 
and was belt driven by a 4-pole, 3-phase 
electric motor. The design specifica
tions were: 520 W power absorbed, 
750 Pa static pressure, 0.31 m1 s·' air
flow, and 21°C operating temperature. 
Airflow was measured by means of a 
PilOt traverse and found to be some
what less than design at 0.19 m1 s", 
the reduced value resulting from the 
resistance to airflow offered by the 
wheat bulk. Ambient temperature at 
the time of the measurement was 
12.5 °C. The piping carried gas from 
the large fan (which gave an air change 
in c. 2 h) to the aeration duct in the 
silo, and collected gas for recirculating 
from the heads pace, when the sealing 
plate on top of the silo was closed. 
When the plate was open, the system 
ventilated the silo. The base of the duct 
was fitted with a water-filled pressure 
safety valve (max. pressure 0.76 kPa). 
In addition, a 'small' centrifugal gas 
recirculation fan was connected by 
flexible ducting (76 mm int. diam.) to 
a port at the base of ·the si lo and into 
the rigid PVC ducting (Figure I). The 
small fan was direct-driven by an elec
tric motor. The rated power was ·37 W 
and the specified airflow at free delivery 
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Table 1 Experimental data 

Year of trial 1982 1983 1984 1984 

Wheat grade ASW ASW ASW ASW 
Average moisture content on intake (wet 10.7'10 8.3% 10.9% 10.4% 

basis) 
Mass (t) 2367 2046 2208 2200 
Height of head space (m) 1.0 6.6 2.9 3.0 
Volume of head space (m' ) 50 597 147 152 
Load space (ml) 2822 2276 2726 2721 
Estimated inlergranular volume (40010 of load 1129 813 1090 1088 

space) (m') 
Total gas volume (ml) 1179 1410 1237 1240 
A verage wheat temperature eel: 

during CO,lCH,Br treatment 31.7 32.1 31.3 
during CH)Br treatment 30.0 31.8 29.8 24 .6 

A verage ambient temperature (ae): 
during CO,lCH,Br treatment 19.2 28.4 25.5 
during CH)Br treatment 15.9 21.5 22.5 17.1 

CO,lCH,Br fumigations 
Duration (min) of CO,lCH,Br purge 63 87 100 
Weight of CO, used (t) 1.71 2.16 1.93 
Weight of CH3Br introduced during purge 8.0 23 .3 23.0 

(kg) 
Weight of additional CHJBr introduced after 4.0 

6 h recirculation (kg) 
and after 12 h recirculation 4.0 
Duration of recirculation of CO,lCH,Br (h) 24 21 24 

CH,Br fumigations 
Weight of CH,Br in{roduced alone (kg) 16A 69 69 69 
Duration of recirculation of CH)Br (h) 25 3 3 3 
Duration of CH]Br fumigations (including 25 24 24 24 

recirculation times) (h) 

A applied in similar manner and at same time intervals as for the COICH)Br mixture (1 982) . 
S ilo d imensions for all trials: height to eaves 17 .6 m; height of cone, 4.0 m; diameter, 13.9 m; volume, 2873 mJ• 

was 46 L S-I. The airflow through the 
wheat bulk was estimated by a single 
Pitot tube reading in a pipe of 76 mm 
(int. diam.) to be 26 L s-t which would 
give an air change in c. 15 h. 

Gas introduction 
The carbon dioxide application tech
nique developed by Wilson el 01. (1980) 
for commercial grain treatment was 
modified so that a mixture of methyl 
bromide and carbon dioxide could be 
introduced into the silo. Carbon diox
ide was provided from a road tanker 
(4 t) connected to a vaporizer capable 
of delivering up to 3 t h-I. The vapor
izer was set to deliver a 60"10 carbon 
dioxide in air mixture, the lowest level 
of carbon dioxide that could be set 
without incorporating an air compres
sor and thereby increasing costs. This 
mixture was heated to 30 ' C in the 
vaporizer and passed through a fiexible 
steel hose coupled to a pipe at the base 
of the silo. The gas then passed 
through an open gate valve, below 
which a copper pipe 12 mm (int. diam.) 
carried methyl bromide into the gas 
stream. The methyl bromide was dis-

pensed as a liquid from a cylinder by 
placing the cylinder on digital scales 
(minimum graduation 0.1 kg) and ad
justing the valve on the cylinder in 
accordance with the rate of weight loss 
recorded by the scales. 

During the purge phase, air was 
expeUed from the heads pace via the 
open gas-return duct to the large recir
culation fan . The duct was connected 
after completion of the purge. When 
the carbon dioxide level in the head
space reached 20%, the purge was 
ceased and the silo was sealed. By the 
time this was done the level of carbon 
dioxide in the heads pace had risen to 
about 60%. 

In aU tria ls with mixtures of carbon 
dioxide and methyl bromide the objec
tive was to achieve a Ct product of 
50 g h-I m-) of methyl bromide in an 
atmosphere containing 20% or more 
carbon dioxide in 24 h (Williams el al. 
1984). In the methyl bromide fumi
gations, commercial dosages were used 
(Williams et al. 1980). Details of the 
amounts of gas used and the duration 
of treatments for both the carbon 
dioxide and methyl bromide fumiga
tions and comparative methyl bromide 
fumigations are given in Table I. 

Ventilation 
On completion of each fumigation the 
manhole cover at the top of the silo was 
opened and the silo was ventilated by 
the large fan. 

Some information on gas concen-
trations during ventilation was gained 
in the 1983 trial. In 1984, gas concen-
trations during venting were monitored 
to determine the times taken to reduce 
methyl bromide concentrations to the 
recently established threshold limit 
value (TLY) of 5 ppm (National Health 
and Medical Research Council 1983). 
This concentration is likely to be the 
maximum acceptable to trade unions 
involved in grain handling. 

TOtal bromide residues 

In the 1984 trials, wheat samples were 
collected both before and after fumi-
gation from 23 locations in each silo: 
at the surface of the bulk, at depths of 
1,2,3 and 4 m at the centre of the silo, 
along the gas-sampling lines, and also 
from the ends of tbe bioassay pipes at 
the base of the silo. Total concen-
trations of bromide in the samples were 
determined by X-ray fiuorescence spec-
trometry (Oetzendaner et al. 1968). 

Results 

Grain condition 

Average grain moisture contents and 
temperatures for the trials are given in 
Table I. The very low moisture contents 
recorded in 1983 were a result of a 
drought during tbe 1982183 season. 

Gas distribution and insect control 

In the carbon dioxide and methyl 
bromide fumigations, it was found that 
on completion of the purge phase 
recirculation with the small fan was 
sufficient to maintain an adequate dis
tribution of gas. Carbon dioxide levels 
were maintained at 40-60% at all 
locations throughout the recirculation 
period in a ll the trials. In the commer
cial methyl bromide fumigations, the 
distribution of fumigant throughout 
the silos was uneven but sufficient to 
provide effective insect control. Maxi
mum and minimum concentrations of 
methyl bromide throughout the silos 
are given in Table 2. 

In the carbon dioxide and methyl 
bromide fumigations the desired Ct 
product of 50 g h-I m') of methyl bro
mide was exceeded at a ll sampling 
locations within 24 h. All bioassay 
insects were killed in these fumigations 
and in the commercial methyl bromide 
fumigations. 
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Figure 1 A Diagram 01 silo showing gas input and recirculation systems, locations of gas sampling lines. thermocouples and Insect cages 
B Configuration of aeration duct and location of sampling points on the silo floor. 

a manhole sealing plate; 
b cap on recirculation duct: 
c recirculation duct: 
d safely valve: 
e aeration ducl; 
f steel pipe: 
9 gate valve: 
h methyl bromide hose: 
i carbon dioxide hose: 
J ball valve; 
k large gas reci rculation fan : 
I small gas recirculation fan. 

t d irection of gas flow during purging, venti lation and, in 1982, recirCU lation. 
t direchon of gas flow during recirculation in 1983 and 1984. 
• 1-20 locations 01 gas sampling points and tnermocouples 

• Locations 01 spear cages 01 InsectS. 
o Locat,ons of pipe cages 01 insects. 

(Cages containing tt'e insect species T. castaneum. A. dominica, S. grananus and S. oryzae were present at alltocatlons In the 1963 and t964 
lrials but spear cages 01 A. dominica. S. grananus and S. oryzae were not present at all tocatlons In 1982 (Withams et at 1984)) 

Ventilation 
Concentrations of methyl bromide 
within the grain bulk during ventilation 
of the silos are given in Table 3. Initially 
there was a rapid fa ll in the concen
tration of methyl bromide followed by 
a more gradual decline. In the 1984 trial 
with methyl bromide and carbon diox
ide, the concentration remained about 
the same (15-16 ppm on average) after 
7 and 15 h of ventilation, fa ll ing to 
4 ppm after 19 h. Similarly, in the 
second commercial methyl bromide 
fumigation in 1984, the concentration 
of methyl bromide fell very slowly from 

16 h o nwards, from an average of 
29 ppm at 16 h to 5 ppm at 40 h. 
However, concentratio ns of up to 
12 ppm were recorded in the upper part 
of the grain bulk after 40 h a nd o f up 
to 6 ppm after 45 h. 

Total bromide residues 
Bromide residues on wheat treated with 
the met hyl bromide-carbon dioxide 
mixture increased little, while the in
crease was almost threefold on wheat 
treated with a commercial dosage of 
methyl bromide (Table 4). At the base 
of the silo, where the concentration of 

methyl bromide was mu ch higher than 
elsewhere throughout the bu lk, bro
mide residues increased by fi vefold in 
commercially fumigated silos. 

Discussion 

In these trials a novel fumi gati on 
technique was developed in which a 
mixture of carbon dioxide and methyl 
bromide was injected into the base o f 
a silo followed by purging a nd th en 
recircu la tion of the gas mixture. This 
contrasts with o ther large-scale experi
ments with fumigant s and carbon 

"" 
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Table 2 Maximum and minimum concentrations of methyl bromide at 20 locations in 2000-t, wheat silos during 
fumigation trials in 1982-84 

LOCilion in Melhyl bromide Bnd carbon dioxide 
silo fumigations (g mol) 

(see Figure I) 1982 1983 1984 1982 

I 1.4-7.9 5.7-9.2 1.5-7.0 1.3-10.5 
2 1.4-4.7 0.9-8.0 B 1.0-10.7 
3 1.4-4.7 1.9-8.8 1.9-10.0 1.4- 3.6 
4 1.1-5.6 5.5-8.8 1.0- 10.5 0.8-10.8 
5 0.3- 5.3 5.7- 16.0 1.0- 4.0 0.1-2.4A 
6 0.4-4.3 3.2-10.0 2.5-3 .0 0.1-2.2A 
7 1.3-8.4 6.0- 10.4 1.5- 5.3 1.2-10.6 
8 1.3-6.3 6.5-7.7 2.0-5 .3 0.9- 10.7 
9 1.4-5.2 10.7-13 .8 I. S- 6.5 1.3-4.9 

10 0.7-5.7 10.5-16.7 1.0-6.0 1.2- 4.0A 
II 0.8-4.S 6.6-14.2 1.5-3.0 0.1-2.0A 
12 0.4-3 .9A 5.5-8.0 0.S-3.8 0.1-2.3A 
13 1.1 -5. 6 3.0-4.8 4.5- 12.0 0.4-1.5A 
14 0.9-5 .5 2.3- 5.2 I.5-S.0 0.6-5.0A 
15 1.8- 5.4 2.7-5.7 1.0- 10.0 0.8-2.8A 
16 1.1-5.7 3.0-16.7 2.5-3.0 0.1 - 2.1 A 
17 0.5-4.3 6.3- 16.7 1.0-3.3 0. 1- 2.2A 
18 0.2-2.8A 3.2-9.7 2.2-4.0 0.1-2.5A 
19 0.2-3 .2A B 2.5-3.0 0. 1-2.4A 
20 0. 1-4.0A 6.1 - 11.0 1.0-4.0 0.1-0.SA 

Wt CH,Br 
introduced 16.0 23 .3 (kg) 

A Cumulative Ct product below 50 g h-I m·J , 

R Gas line blocked 

dioxide mixtures such as those of Hah 
el 01. (1981) and Viljoen el 01. (1981 and 
1984) where the gas mixtures were 
introduced at the top of silos, distri
buted by gravity and convection, and 
where no allowance was made for the 
presence of carbon dioxide by reduc
ing the dosage of fumigant. 

Gas distribution problems, especially 
in the silo hcadspaec, encountered by 
Williams el 01. (1984) were overcome in 
these trials by improved sealing at the 
top of the silo and by effective sealing 
of the casing of the large fan with sili
cone rubber. These changes, together 
with increased dosages of methyl bro
mide, enabled the desired Ct products 
to be achieved within 24 h in both the 
carbon dioxide and methyl bromide 
and the commercial methyl bromide 
fumigations (Table 2). The concen
trations of methyl bromide measured 
during the 1983 fumigations were 
generally higher than in comparable 
fumigations in 1984 (Table 2). This was 
probably because the wheat was very 
dry (8.3 % moisture content) in 1983 
and would have absorbed less of the 
fumigant. 

The pattern of removal of methyl 
bromide from the grain during venti
lation was consistent with the findings 
of Scudamore and Heuser (1970) who 
developed a mathematical model to 

23.0 16.0 

describe the rate of loss of methyl 
bromide from fumigated commodities. 
Venting was considered to occur in two 
stages - an initial rapid removal of 
free fumigant, followed by a slower 
stage representing diffusion or desorp
tion of fumigant from within the 
commodity itself. Thus when venti
lation ceases, the concentration of 
methyl bromide within the interstitial 
air may rise through further desorption 
from the grain. However, since total 
bromide concentrations in the grain 
before and after the methyl bromide 
and carbon dioxide fumigations were 
similar (Table 4), significant further 
desorption of the gas would be unlikely 
after 24 h of ventilation. Scudamore 
and Heuser (1970) also noted that more 
rapid venting of methyl bromide is 
achieved at both higher grain moistures 
and storage temperatures. 

Methyl bromide concentrations 
measured during the desorption phase 
of ventilation are largely dependent on 
the rate of gas flow. Thus, if the venti
lation fan had delivered three times the 
volume of air, then a concentration of 
5 ppm would have been reached after 
about 7 h ventilation in the methyl 
bromide and carbon dioxide fumi
gations. I f ventilation had ceased at 
this time, a significant rise in methyl 
bromide concentrations through de-

Melhyl bromide fu migations 
(g m" ) 

1983 1984 1984 

16.1-30.6 11 .3-25 .9 8.5- 18.8 
12.9-28.2 5.4-10.6 B 
10.3-15 .3 5.4-9 .2 9.1- 19.3 
5.2- 12.4 7.7-16.6 10.4-18.0 
13.5-29.0 14 .1 -35 . 1 9.8-15 .6 
32.3-40.0 1.5- 20.0 11.5-19.0 
21.3-41.2 9.2-41. 7 9.6-18.3 
12.9-l S.2 3.4- 25.4 9.8- lS .3 
12.3- 14.7 5.4-17.7 10.4-18.1 
10.3-17.7 8.2-1 7.4 9.6-16.6 
13 .5-22.9 14.6-17 .7 IS.0-14.4 
25.S-4I.S 5.4-8.8 8.0-13 .7 
17 .4-33 .5 24.2-58 .S 8.3-17.8 
16.1-27 .7 IO.S-34 .3 8.3- lS.3 
10.3-15.3 15.3- 37.7 3.7-17.0 
S.4-12 .9 IS.2-37.7 8.9-15.4 
10.6-25.2 13.2-40.0 9.6-13.7 
33.6-41.8 1.1-30.0 8.3- 12.2 
B B B 
36.S-4O.6 1.1 - 20.0 1O.9-17.S 

69.0 69.0 69.0 

sorption from the wheat would be 
expected. Consequently, a ventilation 
period of about 24 h appears necessary 
to ensure that the concentrations of 
methyl bromide remain at or about 
5 ppm. In contrast, in the commercial 
methyl bromide fumigation, concen
trations of up to 6 ppm were recorded 
in the upper ' part of the wheat bulk 
after 45 h and ventilation would need 
to be maintained for at least 48 h 
before concentrations could be ex
pected to be at or below the threshold 
limit value of 5 ppm throughout the 
silo. 

Thus the total time required in order 
to introduce the gas and fumigate with 
the methyl bromide and carbon dioxide 
mixture, followed by ventilation in a 
2000-t grain silo, would be about 48 h 
compared with 72 h for a commercial 
methyl bromide treatment using dos
ages recommended in Australia (Wil
liams el 01. 1980). 

The high grain temperatures of 
c. 30°C would allow lower dosages of 
methyl bromide to be used in commer
cial fumigations in some countries 
(Anon. 1970). A more limited reduc
tion in the dosage of methyl bromide 
used in conjunction with carbon 
dioxide may also have been possible 
since Ct products as low as 
38 g h·1 m-J were effective in the 1982 
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Table 3 Average methyl bromide concentrations (ppm) within 2000-t wheat silos during ventilation 

After ventilation for: 
Before 

Dial ventilation I h I.5h 2 h 3 h 4 h 5 h 6h 7 h 8 h 15 h 16 h 19 h 20 h 24 h 40 h 45 h 

CH Br (16 kg)! 242 171 55 14 
60c? CO, (1982) (92-283)A (13-217) (4- 200) (4-56) 

CH,Br (23.3 kg)! 1210 209 148 58 4 
60% CO, (1983) (650-1733)A (111- (5 1- (I 9- (2-5) 

407) 251) 136) 

CH Br (23 kg)! 677 120 16 15 4 
60;(. CO, (l984) (375-1375) (47- (11- (10- (4-4) 

219) 32) 36) 

CHtr (69 kg) 3722 834 
(19 3) (1645- 7500) (197-

1908) 

CHs Br (69 kg) 2437 1658 1122 847 554 506 
(19 4) (800-> 10000) (600- (208- (104- {l13- (88-

8000) 4992) 25(0) 1729) 1475) 

CHlr (69 kg) 2784 1161 547 312 164 57 29 20 13 5 4 
(19 4) (2075- 3697) (105- (53 - (40- (11- (6- (4- (4- (3 - (3- (3 -

3697) 1289) 779) 334) 109) 57) 36) 21) 12) 6) 

A Range of concentrations at 20 gas sampling locations shown in Figure I. 

Table 4 Average total bromide con
centrations (23 samples) in wheat in 
2000-t silos before and after fumi
gation 

Treatment 

C H ,Br (23 kg)/ 
60 '10 CO, 

CH,Br (69 kg) 

CH,Br (69 kg) 
res idues at base of 
silo (3 samples) 

Bdore 
(ppm) 

10.2 
(4- 19)A 

9.8 
(4- 22) 

12.3 
(8-15) 

/II, Range of bromide concentrations. 

After 
(ppm) 

10.5 
(4-) 8) 
27.9 

(10- 72) 
67.3 

(61 - 72) 

trial (Williams ef al. 1984). Any such 
reductions in methyl bromide dosages 
would be expected to reduce both ven
tilation times and bromide levels on the 
grain. 

These trials lend support to the 
observations of Snitko and Levchenko 
(1973) that carbon dioxide improves 
degassing of methyl bromide and 
markedly reduces bromide residues on 
grain. The residue results (Table 4) 
demonstrated the importance of taking 
sufficient samples for analysis in order 
to obtain a reliable estimate of the 
effects of the fumigations on bromide 
concentrations in the wheat. It was also 
evident that there was a large variation 
in bromide concentrations within the 
bulk. Despite the precaution of taking 
post-treatment samples from the same 
locations as the pre-treatment samples, 
it was found that the bromide concen
trations at some locations following 

fumigation were the same as or, in 
some instances, lower than those de
tected in the pre-treatment samples. 

Conclusions 

The trials demonstrated that an effec
tive technique has been developed for 
the introduction of mixtures of methyl 
bromide and carbon dioxide into the 
bases of grain silos. Carbon dioxide 
was found to be an efficient carrier for 
the methyl bromide, ensuring a good 
distribution of gas during the purge. 
Thereafter adequate gas distribution 
was maintained by slow recirculation. 
Effective insect control was obtained 
with a Ct product of 50 g h-1. m-l of 
methyl bromide in an atmosphere of 
40-60"'. carbon dioxide. This Ct 
product is 1/3 of the minimum recom
mended for fumigation with methyl 
bromide alone and could be achieved 
within 24 h using 1/ 3 of the normal 
commercial dosage of methyl bromide. 
The resultant lower concentrations of 
methyl bromide make the mixture safer 
to use than a commercial methyl 
bromide fumigation, as any gas leak
age occurring would be less hazardous. 

The carbon dioxide and methyl 
bromide treatment has the advantage 
of causing no significant increase in the 
level of total bromide in wheat as 
compared with a marked increase 
following commercial methyl bromide 
fumigation. 

The ventilation time required to 
reduce the concentrations of methyl 
bromide to a safe level foUowing methyl 
bromide and carbon dioxide fumi-

gations was 19 h compared with over 
45 h for a commercial methyl bromide 
fumigation. Consequently, outloading 
of the grain can begin a day earlier 
following fumigation with the gas 
mixture. 

Costs of the methyl bromide and 
carbon dioxide treatment were esti
mated to be similar to those incurred 
for commercial fumigation with either 
methyl bromide or carbon dioxide 
alone (about 30 cents per tonne for gas 
and labour). Advantages of using the 
methyl bromide and carbon dioxide 
gas mixtures are the short treatment 
time compared with that required for 
carbon dioxide alone, the reduced 
bromide residues on grain and the 
shorter ventilation time required com
pared with that needed for a com
mercial methyl bromide fumigation. 
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