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STUDIES CO F•GABT ETHX•- 1E OXIDE" (IV)

Studies on the Fungi•.idal and Insecticidal Properties
of Various Mixtues of Etbylene Oxide and Methyl Bromide

Jo_____ of ______ Sooet_ Osamu Tsuruta*1

Vol. V9 No. 2 Teruo Ohta*1
Apa•i 1964, pP 139-143 lukiya Tote2

Toyoaki larsda*1

Experimnots on the fnmgioldal and insecticidal praprtios of ethylene

oxide are conducted and reported i4 papor No 21 and No 3`, confirming its
high effectivcness. In paper No 1-, it was pointed out that the practical
utility of ethylene oxide is limited due to it. wide range of explosion, and
in order to reduce Its explosive property, methyl bro=ide is mixed as an
Inert gas and investigated for the propertics of a fumigant in a mixture sys-
tea. In this papor, the exporleontal results on the fungicidal and insec-
ticidal properties of this mixture system and Its explosive nature of con-
centration ranges are reported together with the obserwations on their prae-
tical utility.

1. apermental Method

1) Fungicidal and Insecticidal effect and gas dispersion.

The effects of fungicide and insecticide are measurod accorl-
Ing to the same method as In paper No 2. The temperature of the fumigant
to a tod to 2909 The measurements on the dispersion of methyl bromide
gas are. onducted according to the method of Stenger, Shrader and Bosh-
geton'% Namely, the fungi are taken out from the arranged location by
means of glacs capil.lary. 0 ml. aliquots are taken out with a bypodermic
syAingse and absorbed in 1 N KOH in methanol.

(*1 Food no-oaroh Instltute, Ministry of Agriculture and Forestr•y
2, Har-zcno-cbo, FukagaWa, Noto-ku, Tokyo; *2 Sanko Chem. Co.,
Ltd.i l nIo, -gun, Ianagaea-k*M)

Ltd. Iabn~y, ~3nh~~e -



After the absorbed solution is hydrolyzed at 60-65° in a
sealed system, a constant amount of N/la AgNO standard solution is added

as an acidic HN0 3 . These are quantitatively inalyzed by adding N/I1 KQNS
dropwise and using an indicator.

M Br + KOH = XM + CH OH3 3
KBr + AgNO3 = AgBr + KNO3

AgNO3 + KQ¶S : AgCNS + EO3

2) The measurements and investigations on the explosion limit

of three components system, ethylene oxide, methyl bromide and air.

In paper No 1, the measurements on the explosion limit
are conducted by a flow method. However, as pointed out in III a) and b)
of paper No 1, the explosion limit is narrowed sometimes and the experi.
mental errors tend to be large. Therefore, authors have conducted the
measurements according to an electric spark method and a metal disconnection
method.

a) Electric spark method5

As shown in Figure 1, the explosion container is made
from glass tube of 345 ml capacity (diameter 66 mm x height 100 mm x thick.
ness 10 mm). A bakelite plate of 12 mm thicIliess is installed on the bottom
part and fixed to the glass tube with an epoxy adhesive. Both the
electrodes (Cu line) and gas insertion tube (glass capillary of inner
dianeter 1 mm) are fixed to the bakelite plate at the bottom part.
Electricity is sparked between the 2 mm space of both electrodes using a
neon trans as a spark source (first side 100 V; second side 12000 V). The
cover at the top is made. from a bakelite plate of 12 mm thickness and
120 mm square. Vaseline is used on the contacting part of the cover with
glass tube. First, the pressure inside the container is reduced with a
vacuum pump until it is lower than that of the gas insertion tube, and then
ethylene oxide and methyl bromide gases are injected into the container
separately with a hypodermic syringe. Then, the air is injected into the
container until the pressure inside becomes normal. In the experiment
under an insufficient supply of air, ethylene oxide or methyl bromide gas
is first placed in the container and then the amount of air corresponding
to the gas needed is taken out (this amount is known by mercury pressure).
The constant amount of gas is then injected into the container with a
hypodermic syringe to achieve a desired ratio of the mixture. By pushing
the switch at a distant place, electricity is sparked and the presence of
an explosion is determined.
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When the system is in the region of explosion, the
cover at the top flies off with a severe sound. Otherwise, the system
Just sparks without any effect.

b

p

Fi~gure 1

Apparatus for Measuring the Limit of Explosion
by an Electric Spark Mlethod

a. Glass tube p. Vacuum pump
b. Bakelite plate m. Manometer
a. Gas insertion mouth 1. Neon-trans
g. Electric discharge space s. Push button

e. Electric source

b) Metallic line disconnection method

As shown in. Figure 2, a rubber line is installed in a
2 liters or 1 liter, wide mouth bottle. Eoth electrodes (Cu line), glass
capillary and a manually operated square stick are fixed. The electrodes
are connected with a manganese line (0.1 mmu x 5 mm). Gas is inserted in a
similar manner as in a). The gas in the bottle is distributed uniformly by
means of a manually operated square stick, and then the rubber line is
loosened. At the distant place, the electric current of 100 V is passed
and the manganese line is disconnected. If the system is in the region of
explosion, the rubber line flies apart with a severe sound of explosion.
If the system is not in the region of explosion, the manganese line is
just cut off.
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Figure 2

Apparatus for Measurement by Metallic Line Disconnection Method

a. Wide mouth bottle
b. Gas insertion mouth
e. Electric source
f. 1Manually operated square stick
s. Push button
m. Manganese line

c) Investigations of the method of measurements.

The limit of explosion on two components system, methyl
bromide and air, is investigated by the electric spark method and metal
disconnection method. The results are shown in Table I together with the
literature values.

TABLE 1

Limit of Explosion on Two Components System, Methyl Bromide and Air

,M.ethod of Measurement Limit of Explosion
ital values f Electric Spark Method 14-~17

e Metal Disconnection Method 13-16.5%

Literature value (6) (Electric Spark Method) 13.5-14.5%

Literature value (7) Metal Disconnection XMethod 10.0-15.4%

(Total pressure 9.8 Kg/cm2 5.30%)

From Table 1, it is soen that the values obtained from
the electric spark mothod agree closely with those obtained from the metal
disconnection method. Also, if the experimental values are compared with
the literature values, the experimental values have a wider range in the
electric spark method and a narrow range in the metal disconnection method.

4&.



However, the errors are not significant and within ±Z,. Thus, the method

of these measurements are considered accurate and reliable.

II. Experimental Results and Observations

1) The effects of fungicide and insecticide and gas dispersion.

a) The effects of fungicide

The effects of fungicide are examined for ethylene oxide
25%, methyl bromide 75% and 50% mixture of ethylene oxide and methyl bromide.
Also, the effects of ethylene oxide alone are taken from Table 4 of paper
No 2 and listed in Table 2 below.

TABLE 2

Fungicidal Effect of Ethylene Oxide and Methyl Bromide
Mixture and Ethylene Oxide By Itself

f= (4.) j(6), ,

(8 1.-A'-200,o/L.Sn' (C)La 114 890 78-80) 70-72 80-82 60-62

( 9  .-. +,?2,RS%. -A+,,75% (6)44 i 880 . 87.5 78.8 88.8 87.5

00 g /I.m (4 5M U e4 100 100 *1 100
=+ V 2 .+. A-75,il, a 96 94.3 82.5 92.8 86.3

(1 2 g/1.5m- 100 100 100 100 100

_.+ te v,, 509 • t A . .,1, ",,50!* (a) 1.' 100 99.0 98.0 98.3 98.5

(11) f/1.Sm' , k 4k 14 1 100 100 100 100

*2 i M 196 1 95.5 91 911 87

(12) ftf-z+ 6, 2D00g/1.5m( 4* 4~ U x 0 100 100 100 100

(14)'-2 W2,h. W 4 ,,0 "k.

Key: 1. Kind and amount of fumigant
2. Micro-organism
3. Location of material
4. Content
5. Time of fuming : 24 hours death rate
6. Flour (a) out side

(b) central part
7. Unpolished rice (a) outside

(b) central part

8. Methyl bromide 200 g/l.5 m3 o, Bacterium
Key continued on following page
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9. Ethylene oxide 25.' : methyl bro.xiro 75;- Co Bacterium
100 g/1.5• 3  d. Fibroid bacillus

10. Ethylena oxide 25f : ecthyl bro'idc 7 o. Bacterium
200 g/l.5• d. Fibroid bacillus

II. 7thylone o:- de 50. : oethy.1 bro- .. 0 c. B<0cterium

200 g/i. 5.d. Fibroid bacillus

12. -hylnae oxide 200 g/l. 5= 3  c. Bacterium
d. Fibroid bacillus

13. *1 Insecticidal effects are observce in unpolished rice with a
parasitic Pen. islandicui but no insecticidal effects are
obscrved in unpolished rice w.ith a parasitic Asp. chevalieri

14. *2 Taken from Table 4 of paper 1o 2

As is clear fram Table 2, a complete effect of insecti-
cide is obtained for the fibroid bacilli. An examination on the effect of
insecticide for a bacterium, when the sane amount (200 g/1.5m3 ) of reagent
is used, indicates almost the sane degree of activity between ethylene oxide
alone and ethylene oxide 254; methyl bromide 75' mixture. (Extinction rate
82.5' - 96r). ',Paen 50r of methyl bromide is added to ethylene oxide, the
effectiveness of insecticide is even higher (extinction rate 98% - 100M).
In comparing with these, methyl bromide alone has a very low insecticidal
effect (extinction rate 60 - 96c,.). Thus, methyl bromide alone does not
give a satisfactory result, but whcn added to ethylene oxide as an inert
gas, the insecticidal effect is not lowered for the same amount as ethylene
oxide alone required for fumigating. Thus, its purpose is served.

b) The effect of insecticide

The effects of insecticide during3 the fumigating time
of 10-60 minutes are obtained for 100 g or 200 r/l. 5m of the mixture of
ethylene oxide 25` and methyl bromide 75% and 200 g/l.5m3 of 30% mixture of
ethylene oxide and methyl bromide. Table 3 shows the effect of ethylene
oxide 25 g/l.5m3 on Kokuzo imago.

When the speed of insecticide on Kokuzo imago from Table
3 is compared with othylen'e oxide 25, and methyl bromide 75% mixture of
100 g/l.i5m and ethylone oxide 25 g/l.5m3 , the advantages of adding methyl
bromide as an explosion inert [as for ethylene oxide are clearly seen, and
100% of insecticidal effect is obtained after 30 minutes of fumigating.

c) State of gas dispersion

Lhen methyl bromide alone is used as a fumigant at the
troportion of 200 g/1.5n3 , the gas coic:ntr:.ticns in the container, the
conter ;,r of the unpolished rico ba,, and outside and center part of flour

~6..



TAELL 3
Insecticidal. Effect of Ethylene Oxide and lIethyl Bromide

Mixture (Numbers are the Extinction Rate)

(1), (2) i (3) A 04 U 0;i )

5 10 ,1s 25 30 35 45 so 60

(9) , ,. - ,1U 7.1 8 100 100 100 100 100

(V) 0 100 100 100 I10 100 I100 10

(a) , .100 100 I 10 100 100 100 100

So- 0 I100 100 100 100 100 100 IOU
"Aft g A / -- 100 100 100 100 100 100 100 100

• •-("-I" -- 40 100 100 100 100 100 100
P I0 - - 35 20 20 25 30 50 20

. & _i IN -1100 I0N 100 100 100 100

(,) !. - U8 - 100 98 - 100 100 100
((5)a) -- o - 6o Bo I 0 0•o100o--

ol-V .259, - 40 - 80 40 100 100 100

! A61 - 100 - 100 100 100 100 100
~(b) 1 5 - - N IN IN-100 10010

200g9/1.501' ýL F lj ±1~- 75 - 100 100 -100 100 100

(c) " •r -)- - 45 - 100 100 100
V P-f i14 - 65 - 100 100 -100 100 100

(9 4Zy L, 1in 2.d aun IN .f.miant

(6) .(a) In
M 34 Tie0 -- 1

I' A-,- 0 - 100 -

go 100 - - 100 - - - - -

()t AO +&1 10-lr 100 - -g-l,
. Ethen35 70 --7

(c ~t~ 20 -5

(7 ft - vv2 s 1 -8 V - 18 -66-34- IM

(8.4 2 ro a o eo3.kE 9WM Ai100%Pi.

Key: 1. 9ind and amount of fumigant
2. Insect
3. Time of fumir~ation 34. Ethylene oxide 25,,f : Nethyl bromide 75% 100 /L.5rr
5. Ethylone oxide 25ý : ethyl bromide 7514 200 g/l.5m3
6. Ethylene oxide 5V;. : 1Ietyl bromide 56% 200 gjl.5m
7. Ethylcori oxide 25 g/1.5m'
8. *Taken from. Tabld 3 of paper ',,o 2. Extinction rate 100% at

90 minutes.
9. (a) zo[imaeo (b) rimago,

Kokuzo lrva Kokunusto modoki arva
chrysalis tcrysalis

(c) U1agashinkui imago
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at each time interval are shovn in Table 4. From Table 4 it can be seen
that the penetration speed of mathZyl bromide into unpolished rice bag and
flour is extremely fast and after 2.5 hours of fumigation, the penetration
is comnlote. On the other hand, the penetration speed of ethylene oxide
into flour whose bulk density is high, is slow. (According to Table 5 of
paper No 2 the gas concentration in the center part of flour bag at 7 hours
of fumigation is only 43p' of 23 hours fumigation)

Therefore, both comnonents of the mixture of methyl
hronido and ethylene oxide penetrates alnort at the same time to the
canter part of the material vhose bulk density is low (for example, un-
polished rice), but as the bulk density of the material becomes higher, the
penetr-ation of ethylene oxide becomes slovcr conpared with methyl bromide.

TAH2 4

State of Gas Dispersion After ":ethyl Fromide Is Put In

Amount put in : 200 g/l.5m3

(1) :u V 1 2.5 .1 6.5 23.30

(4) - a );, 193.2 109.8 207.3 207.3 196.5

(5) i .... 162.0 192.0 20.1.9 220.2 188.7

(6) !JA2 .i 'k .1 ) # 172.5 196.5 208.8 204.9 189.0

(7) 1 21.5 184.8 186.3 189.0 192.6

Key: 1. Location of gas taken
2. Time
3. Time past after the reagent is put in
4. In the container
5. Center part of unpolished rice bag
6. Outor part of flour bag
7. Center part of flour bag
8. The numbers express gas concentrations in 9/1.5m3

2) Limit of explosion on throe components system, methyl
bromide, ethylene oxide and air.

The results of measurements by the metal disconnection
method and the electric spark method are shown in Figure 3. The results
of Figure 3 show almost the same tendency as the results of Figure 2 in
paper No 1 •.hich was obtained by a flow method. Ales, from Figure 3, the
limits of explosion on ethylene oxide, methyl bromide and ethylene oxide
25; : methyl bromide 755 are obtained and shoun in Table 5.

j-- 8



TABLE 5

Limit of Exalosion on :eothyl 7ro"ido, Ethylene Oxide,
and :.:ethyl :ronido 75,, : Ethylene Oxide 25j

Co-,nonent Limit of Explosion

Ethylene oxide 3 100o,

Methyl broeide 13 -'17'

:.ethyl bromi.de 75: Ethyl1ne
oxide 25f 8-22%

-9-
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r63

(3)

K7\ ').Aw ;7

4, ,7

(5) _ .

Figure 3
Limit of Explosion on Three Components System,

Ethylene Oxide .ethyl Rromide and Air

Key: 1. Ethylcne oxide
2. Ethylene oxide weight percent
3. Ethylcne oxide 25'j : methyl bromide 754
4. :.:ethyl bromide
5. Air
6. Q ::on-exosion point -o-- :cn-ex-losion limit line
7 o Explosion point -o--*- Explosion limit line

,'rom Table 5, it can be sccn thaz ethylene oxide has an

explosion region of 3-100,l , whnereas the gas xi ro of ethylene oxide 25%
and methyl bromide 75,• has the explosion recion of only 8-22,. Addition
of methyl bromide has an extrcr.ely beneficial effect on the safety of
ethylene oxide.

E:oxt, whc.n the fla"-oability of fumigant containing ethylene
oxide, ethylcne o:ido 7>. mothyl bromide 25, 50,1 mixture of ethylene
oxide and methyl b-o.idc and ethylene oxide 25L : methyl bromide 755 is
examined near a flalo, othylene oxide continues to burn until the liquid
is exhaustcd, but ethylcne oxide 75) extinguishes the flame by itself on
the way. mhyL •.: oxide, 50, has th-e shorter burning period and 25% of the
ethylene oxide '-.ýns when a flame is contacted, but extinguishes when the
flame is separated. Thus, addition of 75' methyl bromide elivinates the
flammability.

If the cx\-losion ranccs 3-22, of ethylene oxide 251 : methyl
>rc...! 7', arc rrp-rosscd in the fu-.igation unit of g/1.5m 3 , this corres.
, '- to 4-4 --1.22 -0/l.5m3  %-id the armou-.t of ethylene oxide is 110-303 g.

' -,If te ooeffective amount o' fuv'•icido shown in Table 2 is considered

- 10O



alone with the low limit value of explosion 440 g/l.5m3 on ethylene oxide
259 and methyl bromide 75-,% then tho complete fungicidal effects are
expected even below this amount. Thus, ;hcn these compositions are used
as fumigant, it will be safe from explosion or fire hazard.

III. Sum.ary

1. '.Tnen me•thyl brotiidc is addcd to ethyleno oxide, the
fungicidal effect is the same as or bottcr than othylone oxide alone. The
effect is slightly lower in the case of methyl bromide alone. Thus, the
addition of methyl bromide not only prevcnts the explosion of ethylene
oxide, but also reduces the amount of ethylene oxide required for eliminat-
ing fungi. On the other hand, the fibroid bacilli are completely
eliminated with fumigant 200 g/1.5w - r.

2. Insecticidal speed of ethylene oxide is significantly
increased by the addition of methyl bromide.

-3. Fungicidal power of methyl bromide is less than ethylene
oxide, but the speed of penetration into the fumigating material is
higher. , ,.

4. Explosion limit of ethylcne oxide 25% : methyl bromide 75%
is 8-224j and corrosponds to 440 g-1.22 iXg/l.S•. On the one hand, since
the effective fungicidal amount is far below the lower limit of explosion,
an explosion and fire hazard are considored practically nonexistent. K

Studios on fu-uigant "ethylene oxide" II, (Journal of Hygienic
Society 4, 212). Concerning' the fungicidal and insecticidal effect in
Table 6,-the following error is corrected. Extinction rate 99.7 for
center part of unpolished rice bag and center part of flour bag should be
97.
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