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STUDIES ON FUMIGANT "ETHYLENE OXIDE" (IV)

Studies on the Funglcidal and Insecticidal Properties
of Various Mixtures of Ethylene Oxide and Methyl Bromide

Journad of Eygienic Soclety : Osamu Tsuruta®l
Vol. v, No, 2 Teruo Ohta*l
April 196k, pp 139-143 Yukiya Tobe*2

Toyoaki Harada®l

Introduction

: Experimcnts on the fumgleidal and insecticidal prgporuoa of othylene
i oxide are canducted and reported 1.3 papor No 21 and No 3%, confirming its

i high effectiveness, In paper No 1/, it was pointed out that the practical

: utility of ethylone oxide 15 limited due to its wide range of explosion, and
in order to reduce its explosive property, methyl bromide is mixed as an
inert gas and investigated for the propertics of a fumigant in a mixture sys.
; ten, In this papor, the exporimental rosults on the fungicidal and insoce

| ticidal properties of this mixture system and its explosive nature of oon-

omtration ranges are reported together with the observations on thoir prace
tical utility,

I, Experimental Method
1) Pungicidal and insecticidal effect and gas dispersicm,

The effects of fungicide and insecticide are measured scoorde
ing to the same mothod as in paper No 2, The temperature of the fumigant
1s adjusted to 29°, The measurcuents cn the disporsion of methyl bromide
{ gas ‘P conducted according to the method of Stenger, Shrader and Beshe
goton”, KNamely, the fungl are taken out from the arrangod location by
means of glacs capillary, 50 ml, aliquots are taken out with a hypodermie
syringe and absorbed in 1 N KOH 4n mothanol,

(*1 Food Rozoarch Institute, Ministry of Agriculture and Forestry:
2, Hamazcno-cho, Fukagawa, Koto-ku, Tokyos *2 Sanko Chea. Co.,
1td,s Ichincaiys, Samulawa-cho, Koza-gun, Kanagawseken)
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. After the absorbed solution is hydrolyzed at 60-65° in a
sealed system, a constant amount of N/10 AgNO. standard solution is added
as an acidic HNO3. These are quantitatively Znalyzed by adding N/10 KGNS
dropwise and using an indicator.

CHBBr + XKOH = Xor + CHBOH

KBr + AghO, = AgBr + INO,
AgNO5 + KONS = AgCNS + Kii0g

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 paver 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 method”

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 thicke
ness 10 mm), A bakelite plate of 12 mm thiclness is installed on the bottom
part and fixed to the glass tube with an epoxy adhesive. Eoth the
olectrodes (Cu line) and gas insertion tube (glass capillary of inner
diameter 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 prassure 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 correspondin
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
hypodormic syringe to achieve a desirod ratio of the mixture. By pushing
the switch at a distant place, electricity is sparked and the presence of
an explosion is dotermined. .
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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.

Figure 1

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

a, Glass tube

b. Bakelite plate
¢, Gas insertion mouth

g. Electric discharge space

p-
m,
1,
8.
e,

Vacuum pump
Manonmeter
Neontrans
Push button
Electric source

b) Metallic line disconnection method

As shown ir. Figure 2, a rubber line is installed in a

2 liters or 1 liter, wide mouth bottle.
capillary and a manually operated square stick are fixed. The electrodes
are connected with a manganese line (0.1 mm x 5 mm), Gas is inserted in a

similar manner as in a).

The gas in the bottle is distributed wnifornly by

Eoth electrodes (Cu line), glass

means of a manually operated square stick, and then the rubber line is
loosenod. At the distant'place, the electric current of 100 V is passed
and the manganese line is disconnected.
explosion, the rubber line flies apart with a severe sound of axplosion.
If the system is not in the region of explosion, the manganese line is

Just cut off,

If the systesx is in the region of
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Figure 2
Apparatus for Measurement by {etallic Line Disconnection Method

a. lide mouth bottle

Y. Gas insertion mouth

e. Electric source

f. Manually 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 1 together with the
literature values.

TAZLE 1
Limit of Explosion on Two Components Svstem, Methyl Bromide and Air

Method of lleasurement Limit of Explosion

Electric Spark Methed 14 ~17%
Experimental values Metal Disconnection Method 13~16.5%
Literature value (6) (Electric Spark Method) 13.5~14.54
Literature value (7) Metal Disconnection Method 10.0~15.4%

(Total pressure 9.8'Kg/m2 5307)

From Table 1, it is seen that the values obtained from
tho electrie spark mothod agree closely with those obtained from the metal
disconnaction mothod. Also, if the experimental values are compared with
the literature values, the experimental values have a wider range in the
clectric spark method and a narrow range in the metal disconnection method.
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However, the errors are not significant and within +2%. 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
254, methyl bromide 754 and 507 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.

TAELE 2

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

. : (3) -~ (5X» vi&iu-'r‘l:u:mguu)mﬁ;ah”«'f
(1) N (8 (6) pm o | Y ox o ow
svkmoumn UK (2 | d - ———
L EEm N a) B ) S | ()8 |t L Hp)
(8)LiL 4 +12008/1.5m (9);;&1 @ | 89~90 | 78~80 | 70~72 | 80~82 | 60~62
(QJife=rvuass e siesrars% (o)am W | sso | 85| 788 | s | s
100g/1.5m* (@) 4 & & | 100 100 1 100 *
N+ v w258 e e +a5% ()l 4 | o6 94.3 | 825 | 928 | 863
Y 200g/1.5m* (d)k ki | 100 | 100 100 100 160
Nifl=# 1 /50% o 0L 4 + 750% ic'g @ % 100 9.0 | 9.0 | 93] o085
1) 200g/1.5m* {d) A& R @ | 100 100 100 100 100
2 (6)m 9% 95.5 91 9 87
(12) nafe=+v~ 200g/1.5m2 (g)* &k & | 100 100 100 100 100

(13) *L len. islandicum VYU L 12 KRR ENAR BB 1%, Asp. chevalieri FhnDLRIKTRALEL
VYV ISR IR 1P A .
(L4) *3 G2, 84 dex DA,

Kind and amount of fumigant
Micro-organism
Location of material
Content
Time of fuming : 24 hours death rate
Flour (a) out side

(b) central part
Unpolished rice (as outside

(b) central part

Methyl bromide 200 g/1.5 m3 o, Bacterium

Key:

@ N O\EAPUNH

Key continued on following page
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9. Ethylene oxide 257 : methyl bronide 757 ¢, Bacterium
100 g/1.5a3 d, Fibroid bacillus

10, Z:ihyleas oxide 257 : iethyl bromide 757 ©¢. Bactorium
200 /1,53 d. Fibroid bacillus

11. Zthylene oxide 507 : ilethrl brorids 207 ¢, Bocterium
200 g/i.547 d, Fibroid bacillus

12, Zihyleno oxide 200 g/l. S5m0 c. Racteriun

d, Fibroid bacillus

13. *1 Insecticidal effects are observed in unpolished rice with a
parasitic Pen, islandicun but no insecticidal effects are
obscrved in unpolished rice with a parasitic Asp. chevalieri

14, #*2 Takon from Table 4 of paper ilo 2

As is clear fron Table 2, a complete effect of insecti.
cide is obtained for the fibroid bccilli. An examination on the effect of
insecticide for a bacterium, when the same amount (200 g/l.5m3) of reagent
is used, indicates almost the same degree of activity between ethylene oxide
alone and ethylene oxide 25%; methyl bromide 754 mixture. (Extinction rate
82.5% - 965). Vhen 507 of methyl bromicde is added to ethylene oxide, the
effectiveness of inseccticide is even higher (extinction rate 98% - 1009).
In comparing with these, methvl bromide alone has a very low insecticidal
effect (extinction rate 60 - 9&.). Thus, methyl bromide alone does not
give a satisfactory result, but when added to ethylene oxide as an inert
gas, the insecticidal effect is not lowered for the same amount as ethylene

.oxide aleone required for fumigating, Thus, its purpose is served,

b) The effect of insecticide

The effects of insecticide during the fumigating time
of 10.60 minutes are obtained for 100 g or 200 gr/l.5m3 of the mixture of
ethylene oxide 25% and methyl bromide 757 and 200 g/1.5m3 of 50% mixture of
ethylene oxide and methyl bromide. Table 3 shows the effect of ethylene
oxide 25 g/1.5m3 on Kokuzo inmarco.

Vhen the spced of insecticide on Kokuzo imago from Table
3 is compared with cthylens oxide 257 and methyl bromide 754 mixture of
100 g/1.5n7 and ethylene oxide 25 g/1.5m3, the advantages of adding methyl
bromide as an explosion inert gas for ethylene oxide are clearly seen, and
100% of insecticidal effect is obtained after 30 minutes of fumigating.

¢) State of gas dispersion
l‘hen methyl bromide alono is used as a funigant at the
nroportion of 200 g/l.5n3. the gas conccatratiens in the container, the

conter pare of tho unpolished rico baz, and outside and center part of flour

-6
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TACLE 3

Insecticidal Effect of Ethylene Oxide and llethyl Bromide
Mixture (Numbers are the Extinction Rate)

D @) L (3) 2 v W W D
PVBROWAGEGEL | 0 K W W o :

A {5 10 15 25 30 % 45 50 60
%) (9) WMt = d0 71 %6 10 100 100 100 1
L,y Wl B = 0 100 100 100 100 100 100 10
Mifom o+ v ¥25% * (2) wr®i — 0 100 100 100 100 100 100 100
S 4 +AT5% G| — 100 100 100 100 100 100 100 10
MOSU) — 100 100 100 100 100 100 100 160
100g/1.5m* (b ’)‘ " 1 H{ — 100 95 100 100 200 100 100 10
(). wFA] — = B 20 20 25 B 50 B
Y24 W M|~ 10 4100 100° 100 100 100 100 100
(5) 9) W o4 — &2 — 100 98 - — 100 100 100
) loml—- o - @ w = 0 0 10
 Mfesr v 25% g $PEL— 40— @ 40— 100 100 100
e A RIS ») B o — 100 — 100 100 ~— 100 100 100
(v) Ml ~ 15— 100 100 — 100 100 100
wog/asme L FIEEE g om! — 75— 100 100 — 100 100 100
(e) vre¥| — 5 — 3 45— 100 100 100
FHrv24 W M|~ 6 — 100 100 — 100 100 100
© O (o = —m o~ = - - -
. , a0 = = 100 ~ — = - -
M{t= 5 50% o =27 «r-rz\:i 0 — = W00 - = - - -
[ ) ﬂﬂ 100 - - 100 - - - - bl
Riesrns0k (b) okl 0= - o~ = = = =
we/ism AL g m s - - 0~ - - - -
<) vr¥| W — = 0 ~ - = = =
: BRI T e . e
(7)* pfemrvvtsg/iomt | 2 7 ¥ v W ) - — 18 — & — R — 8

(8y T T A T —

Key: 1. Xind and amount of fumigant

2, Insect

3. Time of funipation

4, Ethylene oxide 257 : Hethyl bromide 75% 100 g/1.5m>

5. Ethylene oxide 257 : Methyl bramide 75% 200 g/, 5mJ

6. Ethylene oxide 507 : Met! yv1 bronide 503 200 g/1,5m3

7. Ethylcne oxide 25 g/1.5m

8. *Taken from Table 3 of paper No 2, Extinction rate 100% at

90 minutes.

9. (a) imago (b) imago

Kokuzo { larva Kokunusto modoki<{ larva
chrysalis chrysalis

(c) llagashinkwi imago
- 7 -




at each time interval are shown in Table 4, From Table 4 it can be seen
that the penetration spced of rethyl bromide into unpolished rice bag and
flour is extremely fast and aftor 2.5 hours of fumigation, the penetration
is complete, 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 tho gas concentration in thoe center part of flour bag at 7 hours
of fumigzation is only 433 of 23 hours funigation)

Thercfore, both comnonents of the mixture of methyl
tromido and ethyleno oxide pencirates almost at the same time to the
conter part of the material whose bulk density is low (for example, una
polished riec), but as the bulk density of the material becomes higher, the
penetration of ethylene oxide becomes slower compared with methyl bromide,

TZIE 4

tate of Gas Dispersion After llethyl Fromide Is Put In

Anount put in : 200 g/fl. 5m3

a;&m\\ﬁhﬁﬁnﬁuwm

eI\ 1 25 4 6.5 23.30
%) % ¥, 193.2 199.8 207.3 207.3 196.5
(5) % %0 i%162.0 192.0 201.9 220.2 188.7
(6) viin %5 tba 172.5 196.5 208.8 201.9 189.0
(7) ALurbnduiais | 1215 181.8 185.3 189.0 192.6
(8) wrrmanw AR L, 8/1.5m* {IHALIZ LD

Key: 1. Location of gas taken
2., Time
3. Time past after tho reagent is put in
4, 1In the container

2. Center part of unpolished rice bag

7

8

. Outor part of flour bag
. Center part of flour bag 3
. The numbers express gas concentrations in 9/1.5m

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

The results of measurecments by the metal disconnoction
method and the electric spark mothod aro shown in Figure 3. The results
of Figure 3 show almost the same tendency as the results of Figure 2 in
paper llo 1 vhich was obtained by a flow method. Alos, from Figure 3, the
1limits of explosion on ethylene oxide, methyl bromide and ethylene oxide
255 : methyl bromide 75% are obtained and showm in Table 5.




T45LT 5

Limit of Explosion on :ethyl Iroxide, Ethylene Oxide,
and ‘ethyl cromide 75, : Sthylene Oxide 253

Cormnonent Linit of Explosion
Sthylene oxide 3~ 1007
Yothyl bromide 13~17%

Yethyl bromide 75% : Eihylcine
oxide 257 8~ 22%
'
-9 -
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(3)

1310 25%
75 Auits %

FRE oo WYLIY

£5i+~ i)

Limit of Explosion on Three Components System,
Ethylene Oxide iliethyl Sromide and Air

Key: 1. Zthylene oxide
2, CZihylene oxide weight percent
3. Ethylcne oxide 255 : methyl bromide 75%
L, othyl bromide
5. 4ir
6. ¢ on-explosion point —o—¢- ilcn-explosion limit line
7 o Explosion point -0~0~ Explosion limit line

Trom Table 5, it can be sccn tiot othylene oxide has an
explosion recion of 3-1000, waerces the ras nmixiure of ethylene oxide 259
and mothyl bromide 75% has the exnlosion rezion of only 8-227, Addition
of methyl bromide has an extrcrely beneficial effect on the safety of
ethylone oxide,

Noxt, whcn the flarmability of fumlgant containing ethylene
oxide, ethylene oxide 72,0 : methy. Lromide 257, 50~ mixture of ethylene
oxide and methyl troxide, and ethylene oxide 253 : methyl bromide 753 is
examined near a fia-e, ¢ihylene oxide continues to burn until the liquid
is exhaustcd, bui ethylone oxide 755 extinguishes the flame by itself on
the way. uthLL" oxide, 507 nas the shorter burning period and 25% of the
ethylene oxide twrns wicn a flame is contacted, but extinguishes when the
flame is separated. Thus, addition of 757 methyl bromide eliminates the
flammability.

If the explosion ranres 8-22) of ethylene oxide 257 : methyl
bresida 745 are oxpressed in tho funization unit of g/l. 5m3, this corres-
Ve to k4O 721,22 Xef1. 523 and tho amount of othylene oxide is 110.303 .
LLrsedero, Af tho effective amount of Mwizicido shown in Table 2 is considercd

- 10 -
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along with the low limit valuve of explosion 4L0 g/l. Sm3 on ethylene oxide
25% and methyl bromide 757, then tho complete fungicidal effects are
expected even below this amount. Thaus, vhen these compositions are used
as fumipant, it will be safe from explosion or fire hazard.

ITI., Summary
\ Y
1. %hen methyl broaide is added to ethyleno oxide, the

fungicical effcct is the same as or beticr than ethylene ox1de alone. The
offect is slightly lower in the case of methyl bromide alone. Thus, the
addition of methyl bromide not ocnly prevents the explosion of ethylene
oxide, but also reduces the amount of ethylene oxide required for eliminate
ing fungi. On the other hand, the fibroid bacilli are completely
eliminated with fumigant 200 g/l 50 <, .

' 2. Insccticidal spced of ethylene oxide is significantly
increased by the addition of methyl bromide.

3. Funpicidal power of methyl bromide is less than ethylene
oxide, but the speed of penetration into the fmigatmg material is
higher, ..

4, Explosion limit of ethylcne oxide 25% : methyl bromide 75%
is 8-227 and corrcsponds to 440 g-l 22 Xz/1.5#% On the one hand, since
the effective fung1c1dal amount is far below the lower limit of explosion,
an explosion and fire hazard are considored practically nonexistent. -

Studies on funigant Methylenec oxide" II, (Journal of Hygienic A
Socioty 4, 212). Concernine the funricidal and insecticidal effect in
Table 6, the following error is corrected., IExtinction rate 99.7 for

center part of unpolished rice bag and center part of flowr bag should be

9.
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