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METHYL BROMIDE FUMIGATION
OF GRAINS SEALED IN TENT

L THEORY OF FUMIGATION
1. Definition of Fumigation and Fumigants

. When grams are damaged by injurious insects, they are usually
sealed in a tent or warehouse where they are treated-with a certain poi~
soi_mus gas until the pests are completely destroyed. Such method of coh-
trolling pe’sts by exposing to poisonous gas is called ‘Fumigatioe' and the
chemicals used 'F'umigants' There are a variety of fumigants such as
_ _hydrocyamc acid, chloroplcrlm, hydrogen phosophlde, ete, Methyl bro-
mide (heremafter referred to as MB), among others, is the most com-

monly used fumigant.

- MB boils at 4-5°C and as it is a gaseous body at an ordinary tem-
perature, 11; is put on the market sealed m a pressure- res1stant ‘..y}.mder

. {usually of 10 - 25kg capacity) or in a pressure-resistant can (500g con-

- tent), The MB gas has neither color nor odor and is hardly soluble in .

' water. it is an excellent 1nsect1c1de but is hlghly pmsanous to marn and

ammals.
-2, Unit of dosage and concentration

Fumigatibn can be carried oet in wa_rehouse_s, silos or aboard .
freighters and light_ers. As is described here, it may also be performed
in é_ten_t set up‘ir':'_a warehouse, In any case, a certain amount of chemi-
.cal_s. are required for the complete kill of insects,. Furthermore, 'ev_ep if -
. acertain amount of chemicals are used, the effective amount of gas in {he i
.air'decreases_ as to the lapse of time because of the ab'sorption_ and
leakage (_Which. will be discussed later). The effective amount of chel;ni-

- clas eonteined in the air is called gas concentration and often expressed



in terms of 'g/m ', '%' or 'pprt,

’gImS‘. The umt g/m is commoniy used as an indication of gaseous
concentr atmn, in wh1ch g denotes the amount in we1ght of chemicals per one
cubic meter of air-tight space Take, j'or e\ample the dosage '20g/_m b
ThlS indicates that EOg of chemxcals are contained'in a space of lma. It
t}ns umt dosage of ZUgIm is apphed to an instance where fumlgatlon J.S
‘desired to be carried out in a tent of 100m3 interior spac,e thc required.
amount of chemlcal ‘material will be calculated as follows

20g x 100 = 2, OODg

1% and 'ppm' ¢ The percentage '%! is used to denote the ratio of

pure fumlgant gas in the mixture of air and furmgant gas, One per cent
(1%} means that the aforementmned ratio is 1/100, The ‘ppm' (parts per
m11110n) is equlvalent to 1/]{) 000 of iy and accordmgly means that the
ratxo_referred to is 1/1,000, 000 Thug, 10,000 txmes one ppm makes one
pér-cent As'the volume of gaseocus body vanes w1th temperature the inter-
'relation among "9, 'ppm' and 'g!m3' algo varles w1th temperature accor'd-
mgly For mstam:e 1% of MB indicates 42, 4g,’m at 0°C, 39, 5g/m at
20°C and 38 2g;’m ‘at 30°C The % is seldom used asa umt in fumlgatlon.

_ The’ 'ppm' is usually used in connectxon ‘with the toxlclty agamst man and

11vestocks of residual’ gas in the air,
3. SBusceptibility of sto;-é_d grain insects to methyl bromide
‘ ‘:"(i) Insect species é}id'-s'usceptibility

There are a number of specles of mJurmus msects that infest
.grains: and they have dlﬁ'erent degrees of susceptlbzhty to MB. Rice weevil,
. Sitophiius zea-mg-‘s': wmch is’ c_:ommonly found- in grains, has’ compiratively

.w.éait. résistance to MB. By two hours fumigation at 20°C, LD 95 of the adult
" of this insect lies at 11g/m®. LD 95 is defined as the dosage, where 95% of

the. treated msects can be kllled wn:h the remammg 5% survwmg Table



1 shows a grouping of 18 representatwe stored grain msects on the hasis
of then‘ comparative susceptiblllty to MB. TFor 1nstance rust-red flour

beetle, also a common Stored grain insect, has an almost doubly higher
reswtance than rice weevil.

' 'I_‘able 1 Grouping in susceptibility of
o common stored grain insects

Groub Susceptibility: ~ - Bpecies of insects
1 ' Approximately same as Plodig interpunctelfa, Caflosobruchus
rice weevil, Sitophilus _chinensis, C.maculatus, Sitaphilus granarius,
zea-mais

Anagasta kuehniells, Ephestia cau telia,
Rhizoperiha dominica

it Slightly more resistant | Achanthoscelides obtectus, Stegobitem .
~. | than Group'I _panicewn, Oryznephilus suringmensis,
' Cryptolestes minults

UL | About twice more re- Tribolinm castanewm, T. confusum,
sistant than Group I - Tenebrio obscurus, Tanolitor, Attagenus
piceus, Tenchroides mauritanicus

v ‘More resistant than - Trogoderma granariunt
: Group 1IT- ) )

(2) Stage of insects and susceptibility

Suseeptlblhty of msects to fumigants can also differ with the de-
_velopmental stage of one partlcular msect species (egg, larva, pupa and
adult) In general egg and adult stage is the most susceptible, whearas
larval stage IS slightly more resistant and pupal stage is by far the most

_ re&nstant to MB If the resistance of adult or of egg 1sl m_dl_cated by 1,
those of larva and pupa can be rf(lughly éstimated to be 1.5 and 2.0, res-
: peétively.- ' ' | |



4. Factors affecting fumigation effect

Fumigation effect depends on many d;fferent Iaclors, Among t]iem, '
the most essentlal and 1mportant factors are the dosage of chemlcals, time.
of exposure and temperature Whan fum1gat10n 1s conducted in a tent or
a warchouse, the degrees Ofdlfo.SlOI], penetratmn, leakage of gas as well
as the sorption of gas to the grains also constitute 1mpo_rtan_t factc_;rs that

will influence the effect of fumigation.
{1) Dosage and time of exposure .

Insectic_idal_'_effec_t of fumiga'tio‘n can be naturally heighten{ad by
1arger dosage of fumigants and longer time of e.xposure. Various experi-
ments have 'pro_ved;_' however, f_hat _thé effect is nearly pm]ﬂortiohal to the
product of dosage and é}épdéﬁre.t'ime. Figure.l d'iagrama_lfically shows the
relation bétwee"r_]_ the insecticidal effect.and the produéf of dosage and ex~
pasure tifne in MB Iumigation The same ei‘{ect can be obtained either

by the dosage of 20g!m at 4 hours exposure or by the dosage of 1Ug/m
at 8 hours exposure

Sasq
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Time ol Fumigation (hours)

' 1"1gure 1 Relatlon among the effect of fum;gatxon. dosages
: rmd time of expesure
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- (2) Temperature

~ Within the range of ordinary temperatures, the fumigation effect
decreases Wlth the fall of temperatures though it will again increase be-
low a c_er'tam _t_emper'ature where the insects start to sustain physiological
“ill e_ffe'(_:t.: The tekn_per‘ature at which the reverse turn of the effect occurs
varies with the species of ingects, 1In the temperature range above 10°C,
.howeye_l', it is quite safe to consider that the effect will increase in paral-

lel to the rise of ferhporature.
(3) Diffusion of Gases.

For the sat1sfactory control of insects in the practlcal fumigations
performed in a‘warehouse or a tent, & higher dosage of MB than is required
'm the laboratory condltmn is usually employed for the reasons mentloned

here and in the items (4), (5).and {6),

When fumigants are released from one place or several places in
the sealed spacé, lhe éas of the fumigant will move freely and tends to.
distribute .ﬁnlfor'mly within ‘thé limito-of t‘he.walls eoclosing the gas. _Sucﬁ'
: 'mov’émeﬁt of gases to attain the uniform distribution is called ‘diffusion!,
_'MB gas is about three tlmes as heavy as air. -Thus, it tends to acecumu-
“late in layer over: the surface of the floor and then gradually diffuses up-

' wards When MB is released from the _floor level it usually takes several

" to.ten hours to reach the uniformity, Therefore, the insects in the upper
part of the stacks, will be exposed to MB gas for a comparatwely short
time and acoordmgly may have a chance of survival, In order to preclu_de‘
th1s the gas should be released from the top of the gram stacks, The use
of electmc fan w1ll further promote the diffusion and, consequently, the

. effect of. fumigation, - In stacking up grains; it is preferable to pile them_

_i'r::"-suc'h‘ a way as to allow as much space as possible in between .the bags,



. {4} Penetration of Gases

Diffusion _cif gases into the layer of grains is called ipene_:tratlon'.
Althéuéh MB has a r_elat_ively high penetrating potenti_al,' it takes 'so.l_'ne.
time to attain tiie even distribution in the g_r_ain layers, . Consequeh_tly,
within some time after dosing MB, the gas concentration in the hemr.:..bags
is lower than that in the space'around 'The sloiv'er “the penetration speed
is, the shorter insects inside the bags will be exposed to N[B gas The
speed 01‘ penetration is also 1nfluenced by the size of grains uncler i‘umi-
gation. Large grains such as corn and soybean are guickly penetrated,
wheéras_ the penetration of milo or wheat is rather slow and, .furt'_h_ex.‘, .the
products of fine powder such aé wheat flower are very hard to bé penetrat-
ed, There is no effective means of directly acceleratmg penetration, .
Penetratmn can be indirectly hastened however, by promotmg the . speed

of the- aforementmned diffusmn

- {5) Sorption of Gases

!
v

Upon'éontact with the grains, the gas is ads_orbéct to the surface of

_ the grains Some portion oi‘ the gas may eveh'penetrate ihto the . tissues,
dlssolve into fats or chemlcally combme wzth protems and other mgredients
- This phenomenon is called 'sorptmn' . Whereas the gases in the air acts -
on the insects, the gas sorbed to the grains has no ihsecticidal efficliencj’
Therei‘ore, the. more ‘the volume of the sorbed gas 1ncr‘eases the less will
be the gas remammg in the outer space which will eventually reduce the
effect of fumigation.. 'I‘he amount of sorption of MB. varies with different '
kinds of grairi's Generally Speakmg, grains of Smaller size or. those w1th
much 011 and protems sorb’ a large quantity of gases, Table 2 shows Some

' rEpresentatwe kmds of grains, classified. by the’ degrees of sorbmg power

of MB. Even with the same kind of grams, the amount of ":‘OI‘ptlon wﬂl pro-
portmnally mcrease with- the amount of the grams ina gwen Space of fumi-

-gation.



~ Table 2 Comparative degrees of MB sorption
among various grains

Degree of Sorption - Kinds of grains

Low’ " - Rice, wheat, barley, pea, black matpe,
copra, cocoa, coffee; Tapioca chip

High ' Maize, millet, beans (such as soybean,
broad bean), peanut, cotton seed,
sesame seed

Very high - Powdered praducts {such as wheat flour),
' ' buck wheat, castor seed, safflower seed

(6) Leakage of Gases

When fum1gat1on takes place in a tent or a warehouse, care ‘must
be taken to see whether there is any broken gpening in a tent, whether it
is set up securely or whether there is any crack on the wall, or chink in.
thg roof, Such openings in either a tent or a warehouse will allow fami-
gérﬂ géses'tb leak out and thus induce the decrease in gas concentration

‘and 1mpa1rs the effect of fumigation, The containers in which fumigatidn
s perfor'med Should be air-tight. If not, care should always be taken to

_seal up any such openmgs bei’or‘e fumigation.

11, INSTRUMENTS FCR TENT FUMIGATION

There éré two. ways of tent fumigation: one is the way in which
a tent is put up. in a warehouse like a mesquito net, In this case, the
l‘umiga_it.ion gpace is fixed 'an'c.l immovable a_nd the 't-ent used is of rather _
thick vinyl ehloride sheet or of rubber-lined cloth: The other 15 thé way
'in which a portable tent is used to cover grain stacks The 1atter has an
advantage in that ‘it can be done at any place whether inside or outszde
the warehouse, A tent which is rather thin a_nd easy to. carry is usually

employed in this method as will be described in detail hereafter.



1. Tent

The tent currently being used for fumigation is either of pol_yethy.-
lene _ox" of vinyl chloride. In Japan,. the vinyl chloride sheét in the range .
of 0,1 - 02 mm fhickness is in general usé; Of these, the.sheet of .
0.15mm thickness has the widest use, bece_s.u.se the tent of 0.1 mm thick-
ness is light and éaSy to carry but eésily bréakable while the one of 0.2
mm thlckness is durable but heavy and hard to carry. The durable thick
sheet is favorahly used for the fumigation of lumber that are piled’ out--
doors The requu‘ed size of a tent depends on the volume and the shape
of the stack of the grains, A tent of 20m square is usually requlred
for the stack of 100 tons plled up in square. A tent of this size (0, 15Smm
thu:k_) we1ghs about 50kg., This sheet will alsc_i suffiée fof the smaller lots
(lesé than 100 tons), For the fumigation of large} lots {150 - 200 .toﬁs},
it is a common practise to use two of the aforementioned size of sheet
sticked one another, In'stickiﬁg, the edges of the_tWo ‘sheet's must be
wiped clean, layed oﬁé over the other. by about Sem as is shown in Fig, 3
and stuck by the adhesive stickef (fb be calied 'sticker’ in this paper) of
__5cm width. . For the remforsernent additional. st1ckers are stuck at an in-
' terval of 1- 2m at a right angle to the fu-st stmker " In covermg grams,
‘ care must be taken’to see the whole welght of the tent may not press on
the joined portion of the sheets, Durablhty of tent depends a great deal
© upon handhng manner of the w0rkers - In generai, it can be used fxfteen _

times unless it is caught on a nail or is trailed on the ground,

: i -1~ Adhasive tape -
© - Lower tent
) R i Hem o: uppor tent -
R
N /} L ﬂrﬂwd pnr!]oa
_____________ N ST
Upper tent Hem of tower tent

Adhasive tapo

| F////_./////_///f/’ V)

Figure 2. Method of sticking tents
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9, Sand Bags

‘Sand bags are used to press upon the skirts of tents to prevent gas
leakage., Hemp bags or vinyl.chluridc bags of about 0, 3mm thickness are
generally used for this purpose. Either of the.twa, especially the latter;,
is easi.ly. torn by mouse bite, Sand bags of 8 - 10cm diameter, and ahout

60 - BOcm long are hard to manipulate. One hundred to one hundred-

fifty sand bags arc usually required to fumigate grains of some 100 tons.
3. Opener
As is shown in figure 3, the opener is the device for making a hole

at the lower side of 500g can of MB, MB moves of its own accord into the

tent through the rubber tube fixed to the hole of the can,

Figure 3 Openexf-of MB can {center: canned MB)
4. Gas Mask

. There are twd types of gas mask;- O_ne-consis_ts' of mask a'nd_ canis-
ter that are connected close to each othé_r. The other is the one'in which
"the two parts are separated. :The snout-type gas mask is small, light
and easyr Ito.ha'ndle.' However, as the absorption'capacity is smaller, it is

_not suitabie for use in fumigation. Two kmds of the separaté-type _mask ‘



are available, One is the type which covers all over the face and the other
is the one which co»:f'er‘s..nose and mouth only, Si.ncc the latter'.tyfae of gas
mask does not protect the wearer from being splashed in the I';i_ce with MR,
the former type (shown in Figuré 4) is-saler and is more wic]e_l._y'uscfd than .
the latter: The type of c_:aniéter to be used in the fumigatio’b differs with
the type of the fum‘igants ' The'canistév for 6x'g1nic-‘getsea is to be used
for MB. - This contains the absorlnnt conm&.tmg mainly of active car‘bon N
which absorbs NIB gas and allows the passage only of the air, < Ome c:at‘t— ‘
' rldge of absor'bant can stand the maximum use for 30 minutes for 0. 5%
‘MB gas (19, Bg/m at 20°C) which flows at the speed of 30 L/min.in the .res-
_ lative hunuchty of- 50%, This much flow of the air is neariy equwalent_ to
‘the breathing capacity of human adults, At the l.owe'r.' ;::on_centrél_tion of M.B
gas, the cartridge can be usedlonger,'bun as HurconCEntrathnwincreases,
its durability becomes shortened, The use of the gas mask must be.avo.ic'led
-in the concentration higher than 2% (79g!m3 at 20°C) becausc the absorbent:
is no longer capable of ahsorbmg gas cornpletely, and allows some portion
of the gas to pass through. After use, the: camster must be dLsconnected
and the air= mtake in the lower part of the camstez must be plugged tight
w1th stopper 50 that absorbmg capac;lty of MB may not decrease due to the

absorption of moisture or any other ‘gases pres_ent in the air,

Figure 4 Gas mask Qf.separatc type
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5., Measuring Instruments of Gaseous Concentration

Although there is a 'type of gas measumng apparatus which avyails.
itself of the differentials in thermo conductw1ty of gases, the one most com-
. monly used in Japan is an mterferometer -type gas analyser (Riken's gas
analyser}- thCh is shown in I‘Lgure 5. The principle of this analyser is
based on the use of the difference in reflection rate of air and MEB gas,
Two kinds of Riken anélyser that.are différeht_in sensitivity and measur-

- able conceniration range are now being sold.in the market, The one called

'Type 18' has the measurable range of 0 - 100g,fm3'and the maximum sen-
o 3
sitivity of 0.4g/m", while the other called 'Type 21' is usable in the range

3
of 0 - 30g/m” with the maximum sensitivity of a. lg/ms.

The first step in measuring the gas concentration is to set the most
easily detectable stripe of the specirum on 0 point, and to suck the gas into
the analyser by pressing the spray bulb several to more than ten times.
YVh_eh the interference spectrum ceases to move, the dist.ance in movement
- from O point of the séiected stripe is read on the scale.. As a common prac-
tise, fhé irinyl tubes of 3 - 4mm ihterio_f diameter are inserted and distiri-~
bu't:éd into the desired's.ite. in the teﬁt of the warehouse, The gas éoncent- '
Iratio.n-is measured by connecting the analyser with the end of this tube.

The nécessar‘y fredue_ncy of pressing the spray bulb, therefore, depends.on-

the length and the diameter of the vinyl tubes used.

. The mo.vement'oi' interference étripe is also i'nduced'by the gases
other than MB, Grams under‘ Iermentatlon in unfavorable storage condition
or- grams in active dlss1m11atmn process often produce large quantity of _
ciarbon dioxide which will also effect the movement of the interference stripe
and-thus will lead to an unexpected error. Usuaily, the carbon dioxide of

less than 10% eoncentration can be absorbed and elim_inated by the supple.—.
mental cari_is_ter' that contains soda lime. In view of the limited abso'rbing .
capacity of soda lime, hQ\vevef, frequent change of the supplemented can-
is_ter&is. required, The use of so-called ’éolor lime' is particularly favor-
able in'such circumstance Because it turns from its normal blue to reddish

color when saturated with carbon dioxide,

-11-



Flgure 5 Interferometer- type gas analyser (R1ken s gas analyser)
(Left 21 type, R1ght 18 type) - :

6. Gas Leakage Detector

(1) The detector ut111z1ng flame color reactmn :
- When Br ‘relased from the burnmg of MB comes in contact thh .
:red hot copper there arlses volat1le copper bx‘omlde whlch in turn, gives
the flame green to blue coloration dependmg upon the’ concentratmn of
“MB present (Table 3). '

Table 3. Relatmn between flarne color
and MB concentration

_Concentratiop’ . | Color of flame:
ppm [ g/m™ ] o o o
40 |7 0.18 - | -Faintgreen
60 0,23 | _.._Moderate green
100 - 039 Deep green : _
130 .‘ OI."5_1_.; e : Green w1th some blu1sh tmge _
180 1o 71 7' I ) . ‘Bluish’ green
240 ._ S 0. 95 . ._.G;'eem_gah,bl.ue_
) 3_6.0 ‘ ., 1.42° -. .Deep' greéhié_h blue’
j-800 |3 16 S | :.Deep blue’ |

ThlS 1s called Bellstem s reactmn and is the SlmPlESt method of de-

‘tectmg MB "Two types of the gas detector whlch fails under th1s category

-12-



aré 'availab_le. One is so called 'lamp type' and the other is sc': called 'torch
type'. (Figure 6). As fuels, alcohol is used in the former and propane in
the létter" Both are handy tools for detectmg gas leakage but the latter is
more sensitive and appropriate. for the leakage detectmn because it .is
equ1pped with a pipe to suck in the sample gas. In the use of these detec-

tors care must be taken on the followmg points:

.a. Even in the absence of MB gas, the flame tends to be green at
‘thé start, Detection should not ‘be made before this greenish tinge

" fades away by heatmg the copper coil for a while. ‘Once the flame’
takes color because of MB gas, it should be left for a proper ‘inter-
val until the color goes out. Only after_ this, next detection should

be made,

b. The size of the flame should be adjusted to allow its top to pass

through the copper coil,

- ¢, Care should be taken of the fact that halogen compounds othe.r

than MB show a similar reaction,

. d. 'Detéctdr should not be used at such places' that are filIed with an
exploswe gas or powdered dusts because of the possible gas or dust

explos ion,

Fighre 6. Gas detector of lamp-type-(left) and for_ch'—type_ {right}

-13-



- (2) Kitagawa System Detector

As is shown'in figure 1,this consists of a detector tube and a gas col-
lector of 100m1 capacity. ‘The detector tube is filled with a reagent which
reacts with MTB and turns to br‘own when the Sample gas is Lntroduced from
the gas collector. The length of the colol‘ed reagent is proportmnal to the-
concentr‘atlon of MB gas, Therelore, the gas concentration will be deter-
mined by using the standard f_a'_bie which shows tﬁe relation between the
:length of the coloratioh and the gas con@:ent.ratio.n. This detector is sensi-

tive and is sﬁ‘n_;able for use in the lower concentration range of 0 - 500ppm.

Figure 7 . Kitagawa's gas analyser (left: gas collector, right: detector)
" 1II.. METHODS OF TENT FUMIGATION
"As was prev;ously mentioned, there are two ways of pert‘omlng tent
: i‘umlgatmn the one being a rather mflextble type in which the tent is lixed -
‘over the grams like a mosquito net, and the other being a flexible type in

_whlch the tent is spread du'ectly over the stack of grains. The fumigation

_ m the latter case will be fully dealt W1th here o
1. Place for Fumigation.

- In the tent fumigation, bagé_ of grains that are piled at one place of

-a wai‘e_h'duse'is usually treated. It s_hould never take place where people

-14-



are working all the time or where they are working nearby. In case there
~is a crack in the te:_it_or unless the skirts of the tent is carefully sealed all
. around, 'th_eré is always a possibility of gas leakage that might lead 1o the
hpn_nan poisoning'. The floor with cracks or with uneven surface should
also be avoided.

2. Stacking of Grains

Apptopriate size of a grain stack for fumigation is below 100 tons.
A pile of 200 or 300 tons can be fumigated, but, as the pile becomes larg-
er, t_he tent will also becdzﬁe larger and heavier and, therefore, harder
~ to manipulate. Also, in case two or more tents are joined together to cov-
_er- a big pile, there is a d.énger' of the joined parts loosening, In piling up
" grain bags, base board of about 10cm x 10cm thick are laid on the floor
and the bags are stacked up on them to secure a widest possible space for
the passage of aif' S0 that MB gas may easily diffuse into the stacks there-
by incr'easing the effect of jumigation. The height of the stack should be
léss than the maximum of 4 meters, Much highe'r' stacks are harder to

work 'on and may have a chance of collapsing during the fumigation.

3. lnsét"t_ioh' of Test Insects and Piping for the Measurement of Gas 4

Concentration”

In order to.check the effect of fumigation, 20 to 30 reared adults .
.of‘ rust-red flour beetle are put into glass tubes, plugged with cotton and
inserted into sevé_fal gunny ba'gs at the top of the staéi_; remote from the
release éité of MB. In.case of severely infested grains, the effe.c_:t of fu-
migation can be assessed By checking the death or survival of the infes.ti:-lg_

insects.

In measuring gas concentration, one end of the vinyl pipe of 3 to 4
mmi diameter is fixed to a desired position ‘within the tent and the other

end is taken out_side'oi‘ the-tent.
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4, Sealing of Grains with Tent

The grain stack ié first covered all over by a tentf the hem of Whi_ch
is pulled so that it gathers on the floor by about 2m. Then sand hags are -
laid on the hem all around in two or three rows in parallel. Three rows
are preferable for the prevention of gas leakage. (as often leaks out from
the foot of four corners of a tent. So care must be pald to see whether .
these corners are securely smoothened under sand bags. After grains are
sealed, .a close check is desirable for the preéence of any cracks in the

tent, The crack, if there is any, should be patched up with adhesive tape.

Lateral View

Perspective View
-— - Tent '

Gunny bag | L i l

s
4

Pasc board

. . Rows of sand bags

LOOO-—"

- Figure 8 Method of pressing _the hems of tent with sand bégs

5. Measurement of Fumigation Space and Calculation of Dosage

| The volume of the interior fumigétion space is calculated by héight
and y\_rid_th_ {two .side's)‘of' the .co.ver'eﬂ_'d tent,” T"aké. for exémple., a teﬁt which
is 4m high and 7.and 8m wide, The interior space of the tent is calculated
as follows: o | |

4x7x8=224m°"

. Next is calculated the El_ﬁ';o!_..‘l.ﬂt of MB to be dosed into. the tent, Take,
for instance, the unit dosage of 25g/m3 whi_ch will be adeqguate for the -4ﬁ
hours fumigation at the temperature above 20°C. The dosage for the tent
will be as follows: |

95g x 224 = 5, 600g
: S e



6. Wearing of Gas Mask

_  Wear a gas mask prior to dosing MB. First connect the mask and
ca'nister, press the joint tight around with a clasp, Draw the ajr-intake
plug of the canister and wear the mask in the face. Plug the air-intake
once and make sure whether or not you can breathe at all. If you cannot
breathe, the gas mask is in working order. If you can breathe at all, grasp
tightly the hose connecting the mask and canister, If you can still Ereathe,
either the gas mask does not fit your face or the mask itself is defective,
If you cannot breathe at this point, either the mask is not properly connecied

with the canister is in disorder,
7. Dosing of MB

MB contained in a pressure proof bomb or a can is usually used for

fumigation.

When the MB bomb is used, the bom.b is placed on a weigh as is
shown in Figure 9. "One end of a pressure-proof rubber hose is '_c:onhected
with the exit of thé b.omb while the other end is-ihserted into a éop_per tube
of 9mm exterior diameter (7mm interiof diameter} which is 70 - 80cm_
long. This cdp}ﬁer fube is inserted 50 - 60cm deep into from the to.p of the
stack through the fent. A measured amount of MB is released cérefully so.
that the emitting MB may not splash the tent directly. In c_aée the canned
MB is used, the operator goes up th_e stack of gréin, éonnéct the above-~
mentio.ne_d copper ';ﬁipe, rubber hose, and opener securely and open the
can with the opener. The.rubber hase for city gas can be usable in this
dés'e In connecting the bomb, and the copper pipe or the rﬁbber hose
and the opener together, these must be fastened tightly with fasteners or

- wires to prevent dzsconnectmn
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Figure 9 Method of dosing MB [rom gas bomb
8. Detection of Gas Leakage

Inspection of the possible gas leakage is made by use of the afore-
mentmned detector w1th spec1al emphasis put on the skirts of the tent.
If leakage is found, press sand bags, rearrange the rows or, if necessary,

put additional bags to prevent the leakage,
9. Cautions during Fumigation

Car'eful attentwn should be paxd to ventllatmn in a warehouse durmg
fumlgatmn The sxgn 'Caution Poison’ should be put up to keep people off
the fumigatmn sxte ‘Occasional checking of gases in a warehouse with a
detector is nec8asary as well as the mspectmn of gas leakage which, 1f
found, will be u_rgently coped_ with by the ‘measures referred o in the pre-

ceding chapters,
10. Removal_ of Tent =

When the pipés fo.r measuring gas concentration are arréxnged,‘ the
concentrétion of femaining gas is first measufed by Rik_en'.s gas éﬁalyser.
Next the people a;'ou_nd the place of furriigatidn must he kept away from it
and try to keep the wareﬁouse- in gobd aeration. Then more than two ope-

. rators sho'uld_wear gas'_masks according to the foregoing wearing procedure
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and a['ter removing the sand bags on the hems of the tents, they go up to the
tents and tug up the one side and then the other side of the tent. In case
the tents are of rectangular shape, lift the longer side up, The tent in lift-
ing is tucked toward the center of the stack as in the manner of folding
fans, and then pulled down the stack by one end. Then inspect. the life or
death of the test insects to ascertain the fumigation effect. For a whils,
MB gas detection should be continued to see if there is still residual gas

in a warehouse, Only after :méking sure of no gas remaining in the ware-
house, people should be allowed to enter. The handling of the fumigated
grains should be done at least one day after the removal of tent, Removed
tent is conveniently rolled by two operators from one side, while one ope-
rator press on the tent sheet to exélude air from being caught within the
rolled tent.

IV. PREVENTION OF POISONING

In MB fumigation every possible precantion must be taken to pre-
" vent people from poisoning, In any case, ane must take great care not to
inhale gas, In case of poisoning, proper remedial measures should be

taken,
1. Toexic Syfnptoms

If rnan continues to inhale MB gas of high ccncentratmn of about 1%
(about 40g/m }, he will suffer from pulmonary edema that leads to eventual
death, Brief inhalation of high concentratlon of MB causes headache, eyeache
or obnoxicus feeling, Similar symptoms also result from longer. .e_x_posure
to a lower gas concentration. The long exposure to an extrerﬁely diluted
gas of ca. 35ppm can induce a loss of éppetite, uﬁpleasant feeling or head-

ache etc. though such symtpoms disappear soon after stopping inhalation,
"~ 2, Medical Treatment

- In the case of the pbisoning mentioned, the following treatment is

necessary for the patients, 19



(1) The patients must be quickly removed into a ventilated room,

kept warm and completely quiet.

{(2) When the pat1ents are requu*ec] to move, they must be carmed

ona stretcher_ or on ohe's back, \Vltlmut havmg them walk
(3) _Oxygeri (air) inhalation is to be applied to the patients.

(4) In case the patient stops breathing, artificial brgathing is to

be accompanied with oxygen inhalation.

(5) Injections of such medicine as sodium hyposulphite, caffeine,

BAL {(British Anti-lewisite) is said to be highly effective.
3. Precautionary Measures against Poisoning

The following is to be sirictly observed to prevent men from

poisoning:

(1) Those who get tired or are not well should not be erig’aged in
'fumigation work. .

{2} Evéry possible means must be employed to prev_eht gas leak~

a'ge‘and keep people away fI'.DIII_l the place of fumigation.

' (3) Clothes, shoes, gloves etc. that are smeared with MB splash

_should be taken off immediately.

(4) In the course of fumlgatmn one must not fail to wear gas
mask Even if the mask is worn, it should not be used in MB gas of higher
concentratlon Canisters must be closed tightly after use, and every time
;when it is used the hours used must be recorded and it should be replaced

well in advance before 1t become dangerous. '
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