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Preface

* r ,\‘
. ! ) .~
‘ , [ ! ' ‘ ’
-~ ' .This bulletin is 1ntended to assist uses of fumigant pesticides, prepared
. for certification under the Michigan Pesticide- Control Act of 1976. e 7

manual was prepared by- Mr. R. L. Moore, Animalsdnd Plant Health Inspection
-Service, United States Department of Agriculturé; Mr. R. L. Mesécher,

Plant Industry Division, Michigan Department of Agriculture, and Dr. G. Bird,
3Department of tomology, Michigan State University. ’

. .

A list of self-help questions and instructions for completing the
- .- questions e‘at the end of each section. If you encounter difficulties in
using the’ Egnual, please consult your county agricultural extension agent
or_representative of4the Michigan Department of AgriS\{ture for «assistance.

Some'suggestions'on studying the manual are:
>

1. Find a place and time for study where you w1ll not be disturbed

2. Reread the entire manual through once to understand the scope and form of
'preaentation of the material., e I eé

3. Then study one sectioﬁ of the manual at a time. Y u'may want to underline
important points in the m&nual or take written notgs as you ¢ dy the -
u'éﬁction e v . _

4. Answer! in writing,-the self- help questions at “the end of each section
Instructions on how to use the;self- ~help questions in your study are ° = -~
included with the questions. These Questions are ‘intended to aid in your
study and'to help yo aluate your knowledge of the subject As such,

p ) they are an importanzﬂ‘gft of your study . L. :

5. Reread the entire'manual once again 2n you have finished studying all
of its sections. Review with care ahy sections that you feel you do not’
fully‘understand. ~

v

This manual is 1ntended to help you use pest1c1des effectively and
safely when they are needed " We hope that you w1ll rev1ew it occasionally
to keep the material fresh in your mind/}‘ ,
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. INTRODUCTION o~ - - \

- - | ,, /,,4?\ . B : ‘ y R 5
e Fumlgatlon is the d1str§but1ng of a chemical pest1c1de as' a g;s ‘throu@h -
( ) spaces and materlals. ‘Because gas molecuIes exlst separately and 1ndepé%dently,q *
ro. ‘they spread widely 1nto smali“cracks and crev1ces and penetrate into tlghtly '
X -packed materlals. The'term space fumlgatlon" designates generally a wide
_ range of treatments 1n enclosed spaces wh1ch e1ther contain infested materlals
" or themselves have re51dual insect populatlons.‘ This spread1ng of 1nd1v1dual 4
molecules dmfferentlates fumigants from ‘aero ls such as ‘smokes, fogs or mists.
L,The aerosols are d1scharged as very fine’ particles-which remaln suspended in

the a1r long enough to be d1str1buted. Aerosols are unable to- penetrate even

small d1stances 1nto materials. For. aerosols to ‘be effectlve, the pest must )
< .

-

be exposed or easlly reached.. -.1 \

S \ ' : -
e All fumlgatjons should be under the supervision of an individual who knows

the nature of th ’chemlcal being used and its hazards. . All. effectlve fumlgants

are potent1ally dangerous to plant, animal, and human llfe and should be handled N Q

IS

llow1ng advantage% over othér pest1c1des-

with due care and judgmen .

'.Fumigants offer the

-

1. Most fumlgants commonly used are tgxlc to all anlmal %2sts, 1nsects,

sp1ders, m1tes anfi rodents. ~

2. . The use of £ Tgants is usually'the quitke, -method of controlling peSts. .
#7 . .
3. Fumlgants w1ll usually reach pests where sprays, powders or dusts cannot
be applled. L . :~#' S

‘ o P . o P g .
~ 4. Some fumigants can be used to kill pests .in or nEarifood, leaving no harm-
'ful.residues, whereas'other pesticides may'cont inate or taint foodi'

5, .In spec1f1c sltuatlons, fumlgants may be less expens1ve than repeated ,

i
¥ ! .
_ treatments by sprays or dusts. i i e ’
3 " . o . . i
.Some‘dlsad ntagés'of.fumlgants are: W

. > o . ‘\l» . / ,
"1. Most- fumigants are very toxic to maﬂ . f i. _ ' .
o . - N 1
T2, Fumlgants leave mo residual pbst ‘control aﬁter aeratlon.."?/ ¢ . ‘




-'2 < / -
o T P .

. o -~ ) / ) -

3. %ore specialized protective equipment, such as gas masks, gas leak * *: !
e detectdrs,‘etc. aré;fequired. o
*> ":1 3 . s )

4. The application of/fumigants\pequires more techni&al skill. ( o .

. «“ / 4 h . -~ A . s .*.».-Q . S

5. The labor involjedamay make the cost high. - e 2

/ ] T .

6. More application and,operational equipment may be needed. ' °

’) 7. The use of fumigants may -cause inconvenience to people who: live or work

in the building. R ¢ ) : o

Q . .'_
¢ s\

AMore than one. techniCian must always be present in any fumigation i s

operatibn. . .o _
T . e ' ‘ > .
- 9. Some fumigants are expensive, corrosive, or may leave reSidues. :
' /
lOZ Special permits or licenses are required in many areas. §
b ' o . "
.\ . A .- . [N ) hd . . '-‘ -, - LY
P - . ( .
* . ) ' . ' - \ . .
. x o= NATURE AND!EFFECTS OF FUMIGANTS 7 b
A ) - s } | I- :~: ~.L . . T
™ How Fumigants Kill Pests . h; S .

\\4 // 5 ‘ 7
It has been very diﬁficult to detérmine exactly how fumigahts affect

[

’ . .-
. .

insects. SCientists have exp}ored the question for many years but are not .

in compl¢thagreement as to just how different fumigants cause death. 1In

,

general fumigants reach the tissues of insects through the respiratory system.
S The’highest percentage of kill is caused by the entrance of .the- fumigant into
s the cells. In\most J;sects, oxygen .is taken’ into ‘the bOdy ‘through the spiracles.‘
f" Once inSide tns body, oxygen and the accompanying fumigant. ar& diffused through
. the thin cell walls. Inspiratory movement of the ingﬁct‘s abdomen”and thorax
acts to assist~diffusion. The matter of difquion has a practical bearing upon”
commodity fumigation. Insects are most active during periodsuof optimum N .

:

tem atures as they breathe norma and therefore, absprb more ﬁumigant than
they do during cold inactive periodgui This plus the fact’ that at the lower
temperatures gas is less active is one of the reasoﬁs that higher dosages of
fumigants must be used as temperature decreases(to compensate fog/dpaction of

t

Ethe insect ) A certain amount .of gas- will enter the cells of ina vé insects,
J}iii the pests; .

but,high concentrations are required to difiuse into the cells and

. ,

O
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Some fumlgants ‘appear to kill 1nsects by preventlng the a851m11atlon of .

\ _\,V . .
oxygen in the cells. Others may,kill by mechanica;ﬁ preventlng oxygen from
bromlde appear to klll by .

~

. reaching the;insect Methyl bromlde and ethylene

N
affectlng the enzymes-ln some way whlch prevents, t1ssues from unltlng w1th T

oxygen, . . : ;:. \ c e y , I . - : o - S ’,. .
- . A J . v . T . ) e e

When fum1gat1ng, lethal fumes are released w1th1n a? enc-losure.~ The
person applylng the fumlgatlon treatment cannot see and, in some cases, cannot '

) smell the fumes.H_The pests wE\fh he séeks ‘to k{ll ‘may b&'hldden away in the

1 heart of a. grapefrult or a bale of hay, but the invisible 'umes must be capable .

or where they are loca“éd

of kllllng them regardless of the stage of. developme
Therefore, fumlgatlon operatqrs need to anw the pot tial of fumlga7ts and“how

- -
.

to apply them properly. . . : v _‘ ; o e

The most important env1ronmentalbfactofgznfluenclng the actlon of". fumlgants
on.rnsects 1s temperatuge. 'In the range . of normal fumlgatlng tempe;aturés _",
from 10 C to 35 C. (50 F to a5 F)v the concentg;tlon of,the fumlgant,reﬁulred" ufu
to kllL a g1ven stage.of an 1nsect spec1es decreases w1th the rise in 1empe;a£ure._

: From the purely biological standporpt thls is mainIy'Hue to, the increased rate- ‘
- of metabollsm of the 1nsect s response to the’ rigse in, temperature. Also, physlcak/

= ‘~absorptlon oi_the fumlgant by the terial conta1n1ng the 1nsects°1s reduced and—;)

‘ proportlonately more~fum1gant 1s avallable to- attack the 1nﬁects.'* ;-;J >
. ) - 7 .
| ' f. v/__ e e . ~ ; L . I
Nature of Fumigants-—Genérél . T o e - o v
3 ) - PR ' . . f ‘-‘, A i
3 » . : } Z ,
A Fumxdhnts are used .in vario s forms gnd dosages accor ing to the nature of
[ 1

* the’ commodltles and, pests 1nvolved _ Cer ain generallzatlons may be made

perta1n1ng ‘to kllllng 1nsect ‘pests in’ commodities. The state of devFlopment and .
. act1v1ty of the target %est 1s 1mportant. Actlve adults normally aﬂe eaiger-torf

klll than inactive or hibernating adults. Immature stages of 1nsects generally

requlre h1gher dosages or longer, exposure for comglete mortallty t'an do aptlve .
ad the
| ¥

st'1n the

adults. The amount of ee atr space compared to the size of thé\

poros1ty of the load, the kind of material, and the loc‘%ﬁon of the;

load all affect the dosage and exposure perlod Flnely,ground materlals, such

- a

as a1fa1fa and cottonseed meal ‘have a large surfaceé area and are moreE;orptlve

- \

than whole graln or 1nert 1tems 5ugh as scrap Lron.' N
¥ .

~ : A . ‘\ e e ?h .o
- . . : - - i ' . ’ L . ) L -

Q

ERIC

Aruitoxt provided by Eic:



/

’r./‘
/ \

~

»

+

ERIC

Aruitoxt provided by Eic:

. o . . . : .
’ R . .. i
N n T i : - . g .. ’ '
(. . - - o C .o o
s : s . ' . g
0 e - - $ - /,

‘At owbr temperatures hlgher dosages are required to’ insure that lethal

’1
amounts reach the center of the load or thqglnter;or portlons of fruits and "
L * ’ - . ‘ ’ ‘Q ’ .‘
vegetablesni--' : o~ RURTI ‘-,wn; LT ‘ b I

y E3)
) - - . :i" - . ) “

Tests in recent years 1nd1cate that re31dues result1ng from methyl

u
Il

bromlde fumlgatlon are lower wheﬁ’temferatures are low."Thls is true even *
A ) NS )

though the concentratlon and.expdsure-are greater at these temperatures.' ' .

‘ b L B R ’ L g ' _— ¢ .+

S N . . . R . . —

/ - . __.

The Predeath Behav1or of Fumrgated Insects

Insects that have been fumlgaﬂed“%lth methyl bromide or ethylene dlbromlde
»

) \
die slowly:. Death occurs much more qulckly at hrgher temperatures than at low

temperatures.’ Temperatume determ1nes the molecular. rate of act1v1ty of chémlcal.

At hagher temperatureg, the 'fumigant disperses'more rapidly, thereby,getting to
. - o - .

‘the pest more qulckl . _ R v . '
) & e . ¥

Treated 1nsect may soon become ungble to walk or fly in a normal manner;g

=

They usually come to rest on thelr backs and eventually are unable ¥o recover ?rom

that-posr;lon, however, they may move thelr head legs, or_ antennae for several
days before death f1nally occurs. It s%<ﬁld be”’ noted that some fum1gants, such

as canbon dlsulphlde and cy%nlde, at sublethal condentratlons may anesthetlze

1nsectskso that}they ppear to be ‘dead shortly ‘after fum1gatlon only.to revive .

and contlnue a normal Mif It has been observed that decomposltlon sometimes - .
Loccurs in the abdominal sggments before the“lnsect actuall\\ ies. Insect~act- "
Z
ivity, when observed shortly after exposure torslgw-kllllng fumlgants, such as .
" ‘methyl brom1de and ethylene dlbgomlde, may,be d1sapp01ntrng to 1nexper1enced
persons. The effect on insects that have been exposeq to" lethal dosages of these
v ~

gases is accumulatlve and regardless of how long lt takes to‘flll them they .

. ~ ‘e . . N > - o

neve ’recover ~ - o ® \ o o ; .
%  MODERN FUMIGAN®S P | - "

. . " S .
N R Ca e . - ~ . . . X
. V . - . 1 [ A . . -
~ . . ‘4 , . B
B .

There are many,chemlgdl compounds which are volatlle at ordlnary tempera-

tures and sufflclently toxic to fall w1th1n ‘the deflnltlon of fumigants. In

-

actual practlce, however,.mpst gases have beén ellmlnated on account £ un- -
< ik

<&

‘favorable . properties, "the mdst 1mportant be1ng chem1cal 1nstab111ty and destructlve

.'-s-:/ .‘:/--
effects on mater1als Damage. to materlals m%y take place in severai ways,

2 2

.as follows- ‘ . - . - | fU' - .




X o T - SR S Se ‘/ o L

R - v );
I. " Excessi rely corroslve compo ‘Hs attack shdpping contalners or n = |

1tt1ngs of fumlgatlon chamhers or of T

R

- . gpoil tﬂe»structure and
, 3 =0
. _ other: spaces undergolng treatment“. : S ;T\

woso L

L2, Reactlke chemlcals formxirreversiblq\compounds ‘which rema;n as -
undeslrable resldge '1n products._ In foodsﬁuffs such(reactlons may

formation of poisonous residues. Other.materials .

. . lead to talnt_or!t‘
' mey ge,rendeﬁed unfit bygyisibie staining or by the production\of.‘. - {

4 RN A P
. s o

.¥’|

T 7‘_"unp1easant;ggors. _ e o .
. . p L > T . ’

df ,Physlolqglcally actlve coggounds may destroy or greatly ihjure grow-
" ants,- frult or vegetables, and may adversely affect the oo
germlnatlon of seeds ( . . '
i .
s nghiy flammable compounds are not. necessarlly excluded Af« dangers of f1re ‘
' and exp1081on can be controlle Y the addltlon %f ther su1tab1e compounds, or o
.v\qlf fumlgatlon procedures are carefully de51gned to Siimlnate thes hazards.
) Tox1c1ty to human belngs is hot usuaf%y a ca?Se for excluslon. ‘All known
" fumigants are toxic to man to a greater or 1esser degree,_and ways caane dev1sed
u_;;fof‘their safe)handllng under the requlred condltlons of. appllcatlon. A -
: B Table 1, which 11sts,the 11m1ted number of 1nsect1c1da1 fumigants in !

_‘use today, demonstrates the severity of thegprunlng priocess applled to gaseous ’:
9”'chem1cals bqtate they are adopted for pra ical. use agifumlgants. ,It w111 be‘ .
noted ‘from thrs table thaB many of the fumlgantsgllsted do in facte‘exhihit oaé ‘
or- more of the undeslrable properties dlscussed above. Thls fact shows that the

¥ "1dea1" fumlggnt has not- as yd\ been found, ¥ and 1t—1s quite prcbably that 1t

v never will be. Nevertheless, gpese fumlgahts are h1gh1y useful in the1r'owg;;.

»

partlcular spheriixof»applic‘tlon. . f o . - PRI o
. K . " " Vs o - . . RS oy < o )
) N e \ o , - ] / . o . e <
¢ < Liquid Draln Fumlgants oy . o . . :
L . . - © . (e . ef
"y 1qu1d gra1n fumigants gre’fhemlcal'formulatlons used. to pﬂgtect stored

[\ gyaln from such 1nsect pests as Angoumoms grain moth,‘rlce weeV11, granary

—f
,weevxl sommon: cadelle, Indian meal moth, etc. e L, ¢

. N W : )
. . ) . . v




, T , : 4 y : : : "
P _ The fumlganls are applied to the graln as llguids. They evaporate and )
-« the hedvier- th%n air vapors "sink into and spread through the grain {' a'l{h_f',*

T -
. . - . ¢

The ch01cetof,fumigant mlxture and dosage should be based on various {

© oo

) factors 1nVolved in‘each storage condltion., The type of 1nsect kind of grain,.

.~

mical Company, Midland "f.
M N -

W

AR ;température mo‘;fﬁre content, etc. must be considerzd.' Specific guidelines {

" for grain fumig ion ‘can be obtained from The Dow Ch

T Michigan 48640.

2% l¥orced dastribution w1th a1r rec1rculatlon equipmenE G ' . .

PR . ; . c L
s

i //‘ . . ‘/ ’ AN J . - ’ ’4
1. Surface application wlth natural or grav1ty "stribution. :
’4 ‘ - ® - : ! o ? c ) . 4 ’ ‘/ T“f"/’ - .

: Surface application 1s the easiest and most convenient method, especxally
M ,,,",4 1 S
where small quantities of grain are stored ,wThe fumigant is sprayed yﬁifvrmly

S . : ¢
‘in coarse- droplets over’ the top surface of the grain mass.' As the fumigant \\ .

.g»‘ vaporizes, the vapors are carried throughout the\graln mass by qg-

-

currents. Distrlbution is obtained'both by these fumigant laden
< } )

ctlon-

ir currents
B N

:taon equip-i
ment lS a rélatlvely new development &he fumigant 1s applied above the grain/ >

v surface in ‘the fineﬁt droplets possiblehwhile fans are _moving air: through the
f" graln. Vgporlzationdof the fumigant ig- obtained using the heat available e
E . ' 0!

from the grain. Becguse of the chanical meahstfor movidg the fumigant air TP
4 mixture through the grgin the fumﬁgant spou ons1st of ingredients having T ';71',
. ' Ll Lo
~og " the lowest sorption rates. "The ‘advantages’ of“th‘s method are rapid distrxr -~p,'~'f
butlon of the fumigant low.sorption rates of nt,lmore;eff1c1ént use of
= T
£ 1gant and rapidrremoval of fumigant after expdgpie'period ﬁs complete.
N . S . o
\ _f As with. ai fumigants, safety precautions should be' carefully followed '_4/‘%
when applying lquld grain fumtgants. " In particulargx o 'ﬁ ”‘f; .;\ &
i Vs
N e \_. . ) , [ . . . .
] Read produ label before using; v e L 2 T e - \\‘&
. Have some¢ne close by at all times in case ofTan acc1dent - I -/
. ’ Y oo . A LI L.
& Pump fum1 ants from/containers to sprayeraﬁ; well ventilated areas, ' o, ,\
. - ’c . ’. - -
L preferab outdoors. .’ - e . ‘ S o .~
"';;/ ! ’ . ‘ . 3 B . .' . : 'é-/‘ ) l’v-.
- .- ® Use apprgpriate:.gas mask at all times. - . g -
~® Avoid skin contact and inhaling vapors. = = . o : TN
Q - ) . T 1*"‘-:,_‘ . . o
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, o If fumxgant“ is’ splllednon shoes ‘or. clothmg, remove\them immed:.ately, . ; "",

o and do. not wear them agam ‘until all ft:migant oflors are gone.v TR

v .7 i
- -, .
s ' ) ® .
- . . -~ 3
3 . - . ¢
F - ’ ~
* 4 - ~/'4
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"TABLF, 1. Characteristics of Some Fumigants . ,
l/ | ‘ '- o L
Name and Formula / Molec Bo llng P01nt | 501ubilityuin "Flammability 0 Commodlties Treated and Remarks
' Welght O at 760 m Water {$ by volume. A
pressure)  (g./00m)) ) nair) R
Acrylonitrile 53 06 71.0 1.5 at 25°C i ‘ AV ,Tobacco and plant products, also
;o , o - for spot treatment Injures growin
\ : . plants, fresh fruits and vegetables
| v ' Mag&eted with carbon tetrachloride.
o . - _ b
Carbon dlsulphide ‘ 76.13 46,3 ! .&4: 0.22at 2%  1.25-44 \ Grain. Usuglly as ing;edient of
s, S | : | nonflanmable m%xtures.
l\ L 0 : ‘ L4 '1 -
Carbon tetrachloride 153.84 - , 77.0 0.08 at 20C  Nonflammable Only weakly 1nsectlcldal Used
o A /// = ' chiefly in mixture with flamable
| ' 57 L | compounds in grain funigdtion to
- S\ I reduce fire hazard and aid
. distribution. -
éhloropicrin" T164.39 112.0 * ‘ InsOIUble at Nonflammable'* .Grains and‘plant pfoduets Safe
CCL, NO \\\ 20 C \ . With seeds; 1nJur1pus to living
‘ - . . ‘ plants, fruits, and vegetables
‘ H;ghly,lrrltatlng lachrymator.
;. ) . Bactericidal and fungicidal.
. . 2 . . S
Ethylene dibromide  187.88 13110 043t %°C Nonflamable  General funigant, Particularly
_ CH,Br,CH; B4 | o L SR useful for certain fruits; may 1n]u
o ‘growing plants / ‘
Ethylene dichloride  98.97 83.0 0.87 at 20° ‘6~l6 Seeds and grains. UsPally mlxed
CH,Ci, CH, C1 - , | Lo “ . with carbon tetrachlokide.
‘ | ¥ | -/, ,
Ethylene oxide 4.05, 10.7, Very soluble — 3-80 Grains, cereals and: certain. plant

. products. a&oxlc at practical con-

centrations to many bacteria, fungi
and viruses. Strongly phytotoxic;

 affects seed gernination,

14

dw



N

a

S
e o |
- - ,
- Pﬁ}pylene oxie | 5608, .30 A RS
R ' |
o "3 S S S
Trichloroethylene  131.4 . 220.0 Insoluble ~ * Nonflamabel
CHCL:CC1 o o
Iy N

e L
TABLE 1. - Cntinied ‘ Pﬁﬁ

i

1}

. Name and-Rormla Mélecular Boiling Point Solubiliéy in Flammability

Commodities Treated and,Remark@

s gt (et T60m vater (4 by volune
| A oo _pressure) (g /100m1) in air)
" Ethyl formafe . 14,05 .0 ll 8 at 25 ¢ /'2.7-13.5 | ﬂ
HOCOO-C,H ) . Lo S ’ v s . ,. .
/ ' N h . '
Hydr. cyanlc acid gas 22103 0 26,0 Very soluble at 64l .
o o L Coo u% \
/ ‘ o I :
| _ _ ' ' 1 k—J} S ,
Hethyl .bromide " 344 3.6 , 1.?§;t 25 . Nonflamable
CH, Br L ‘ ‘ A :
o / ;W
. 1@ - | - | N % R
Nethyl fomate 60,03 . . 3.0 04 ¢ 5.9
€00 CH Vo o o+
P, o CL e , , C

’

~ Paradichlorobenzéne 147,01 1.0 . 0.008at 2§9c | (Flash p01nt)

" of dIIEd fruif.

Appllcatian to 1nd1v1dua1 packages

t

1 : ‘ Wy

wmmimwmmuwm
‘phytotoxic. Safe on seeds but not,

recomnended for fresh fruits ‘and
vegetables. Vv
.o k

General fumigant! May be used with-
caution for nursery stock, growing
plants, some fruit, and-seeds of
low moistute ‘content.

Usually mixed with 0. Pormerly
used for grain, now mainly for

stored fuxs.

\
\ T . X

Control borers in peach trees and

- soil insects, Applied as crystals,”

May affect seed gernination,

For individual’ packages of dried
frult Toxic-to bacteria and
strongly phytotoxlc

' ' L] q , ' )
. Nohflammable~ingrpdient\of grain *
* Sometimes used alone, '
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. SELF-HELP QUESTIONS \ e . N
' 7 ] ( \ :

Now that you have studled‘\hls

w1thtyour answers, see if you are

B A L. : ¥

s answer &hd write in the correct an
o ‘

l. How doés'a‘fumigant differ fron

N v

w0 . .

2. What is the normal;range.of tem

’i\\g, ?i i

" should dosages of fumigants‘be ]

SR

ansyers ﬁlth a penc1l w1thout re‘errlng back to the tekt.

ségtlon, answer these questlons._ erte the

- ' 4

“ /-

N !

beratures for fumigation?
> A
L. ] - “,,.;“;T‘:

ricreased%r decreased at low. temperatures?

<4

‘4. Do insects die quickly after exg

{

When you are satisified

Erase your



4. The prev1ous treatment history of the commod}ty, if avallable._

6. Nearest telephone or other communication facility. R Lﬁ;"

T Emergency shut-of £ stat:bls for electr1c1ty, water, gas, etc. Eﬁ +

» Select a fum&gant or combination of fumlgants, reglstered by EPA

\ : B \ - -
Vo N . L . . ° : - T
. { ' : v . '
’ F PRECAUTIONS“TO FOLLOW WHEN USING FUMIGANTS / :
) . . . ‘Z/ ' .
. Preliminary Planning bik S & \
— — — o - ’ . n ! | |
A. Become fully acquaintedwith site and commodityvto be. fumigated, ’<§%

¥

including:. N . -

» - - .

1. General l:iout/éf structure, - connecting'structures, \ g:ﬂ ;
AN

adjacent t cturegf\and\escape route, above and below ground

\

“ . a. Check over equipment to insure that product flow" has .

ceasedband that"éulpment has been mage as tight as

: practlcable to prquﬁt d;afts and/or leakage from it.

(
or other ¢

b. * Check ‘all spéuts, convéyors, condumts, heat{pl ‘

possible openlngs lead1ng from: area ‘to be fyrigated.

2.) Determine the number'and.identification of _rsons who routlnely

enter the area to be fumlgated, and the prox1m1ty of other

persons and an1mals.(.. L ' ' ‘ : :
TR - R

3. The spec1f1c commodity and Ats mode ~of storage and condition.

s,
hy
K

LN
5. Accessxbillty of utlllty serv1ce connections.

"/_

~

‘8. Ascertaln and post current emergency telephone numbers, 1,e.,}

fire, police, hospltal, phys1c1an

>

\/\ﬂ‘
"for the work involved. . i .

*

e . . .
1. Make sure thf chemlcal ‘or chemlcals selected w1ll not resu&t in*
re31duas that may be 1llegal under Sectichs 408 and 409 of the

1

Federal Food, Drug and Cosmetic Act.

2. Check, mark and_prepare the points*of application.
/
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K
v

\ .

C. Eﬁﬂiiy d1rections, .warnings, ‘gntidotes, etc., on the .label .and

D..

-~

F.

G.

H.

&, -

on .the manufacturer s’ instru tion manual P T I R
: - ' B

Notlfy local fire and \gllce authorltles and other securlﬁy pegsonnel

/as to location, the chemicals tbxbe uSed, proposed date and the time .

of use, typefof gas fdsk and canlster requlred,,and fire hazard rating. ..

S

Make certaln that 1local medlcal organlzatlons are 1nformed of your

- fumigation practlces and ‘the spec1f1c materlals 1n use. !

- -
. *

Prov1de authorltles‘W1th pertlnent safety llterature on' the’ materlals
to be employed . ) .
Arrange for standby equipment, replacement parts:and alternate plan
of action. *° ' .2 : _ e,

| | S - 7~

)

Inform all employees of the’operatlonal schedule, potential hazards zt'

to life and property, and the required safety measures Bnd emergency
procedures. o R : L

. Prepare warnings signs. for posting treated areas, provide for security

of buildings, and arrange for watchmeD'Whenvrequired. ) "%/ﬂ,)/<

e ‘ .
N o o

J. , Have available first aid equipment and antldotes where applicable.

K.

.Y e
]

N.

0.

4 - R ) ] ;
Plan for application from outside the' structure whenever~possibXe.

‘ . . ) L
. v -~

¢ : c ot
L. ,Plan for ventilating the treated space and commodities when the

+ 1] L’ ~ : K3 > » ) »
required exposure is termlnated, Do this before treatment is started.

2

Areasvused for stonag of fumlgantjghemlcals should be properlys?

identified and proy“ e the condltlonstrequlred by the manufacturers

dlrectlons. AT ,
X . i ‘@ — . - o .
. . ‘ . [
Make sure that there are no open fires, motor5,~etc., that could spark,
or hot surfaces, such -as heattplpes and electrlc flxtures, w1th1n the

space to be fumigated.® . //
“3 +
Prowide fans for d1str1but n“of the fumlgant where appllcable.
R B : ,

Provide gas sampling and/or detectlon-devices., ;

il

be exéosed to the fumigant. ¢
£a | . »

‘a

-

. . oy ] ' N s ., .
Make a final check to clear all personnel and%animfls from the space to.
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Personnel - - . : . ;
—_— S . : e
"'..', . —\\_.__':\,I Co ; . . . -
* A. Assign at leaSt two pérsons to.each” fumigation. o s
} ~ > z - s o <"

B. In c1rcumstantes where éntry into a fumlgated grea is essentlal,
. . .
3 VL

_ use a buddy system of two persons (not‘three)
N . N
c. Employees actlvely tak1ng part in a fumxgatlon should be in,good = -,

o » phy51cal condltion, and-'_ Lo o AN -

N . N ey, . ’
v T, A : .

1. Should;hav%'physipal examinations at least annually and more
. ) t Ve - - . - - »

often-asfconditionjgr;quire; and” employee health records

- should be maintaine

e

urrent. -y’ : - ' N

T2 Should abstaln from alcoholic beverages for $4 hours’ prlor to and"i

24 hours after-a fumlgaéion Job. L
"‘-ne

!

: 3. Employees hav1ng colds or other condltlons wh1ch impair breath;ng

sho&ld not part1c1pate. ‘ N N .

-~ '

4. uEmployees'undergoing-medical or dental treatment should not
o ,  participate unless specifically authorized to do so by a physician,

D. All operating personnel should: be instructed in first aid and other

em@rgency procedures,'including personal decontamination.

“

, E. The use of spec1f1c antldotes or first. a1d should be understood ;
"+ by operatlng personnel. o '~j . ' . I
- s h ’ v‘-y N ’! K . . . . N .

F. All acc1dents should be repBrted 1mmed1ately to employer or superv1sor

Personnel handllng fumlgants should be ‘gautioned to report all

<

indications of illness or physical. 1scomfort regardless of‘thelr
. app rent m1nor nature. - These ﬁg 1nclude but not- be restrlcted to

:any r all of the follow1ng. d1221ness, dzarrhea, nausea, headaches,
. b :
. -and lack o coord1nat10n. - . _ _
: . ' N . ’ ? S
. ¥,

G. Instruct al operat1ng personnel in the hazards that may be encountered

in the misuse of the chemitals sele;ted and in the selection, operatlon,

es*or procedures requires.

. .

and'malntenagge of all protectlv

> . .
. R B 5
» . .
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Protpptlve Equlpment e R L ey i
". : LY - ©,
The equlpment recommended in thbg sectmon is to ﬁe employed to prevent

[ S
loss or 1njury td' life. The recommendatxons ofuthe fumlggnt manufacturer

concernlﬁg spec1f1c protectave equlpment and clothlng should be r1gorously

observed. The. 11m1tatlons on operatxon condlgaons dnd performance oﬁ protectlve

- devices should be understood and observed. C .t_- - »"ﬁ,
. ‘ . : . - . - ‘
A. When posélble, arrange for two*way radio communlcatlon 4 j L

<

'1among employees Qﬁplylng fumigants or, in emergenc1es, enterlng

a

‘treated ‘areas. . . - . o . , ' .
" B. ' All protective equipment should be stored so as to insure max;mnm
. life ofvthe device.and be readiiy accessible to employees at &ll times:
‘ . _ N o .3
\ . .
- C.. . ned oxygen supply breathlng apparatus s preferable in
E certaln 51tuatlons. * It does not prevent'sorptl throngh the *vkin. o
A . '.' . 3
= D. Canlster ~type ga%)masks should be prov1ded W1t a supersize canister

and with a canlster mounted as approprlate to the gas mask.
E. 'Canlster—type gas masks: - - S - Lo

iy

ey, 1. Are ineffeotiVe'whep breathable'oxygen is too low.

2. Do\not prevent sorption through the skin.
ko -9

3. Will not remove toxic gases if the coneéntratlon 1s above

v the level stated on the’ canister. St ' N
P .

'

;j 4. Require.different types bf canisters for dif%erent_toxic gases.
e A
5. vOperatlng condltlons listed for a can1ster apply to fresh canisters”
. Y,

only.. -

6. Used canisters should be mutilated to prevent reuse.

7. ~Canisters should be used one time onl

F. J;rsonnel using canister-type gas ma%#s-

1. -Must receive 1nstructlon in the proper -care and use of gas’masks.

oo

_ 2. Should understand the limitatidns of a gas mask. . ‘ 7°
Must always check: _ \ o7 »
l; < ~ - [
. S RS N
Q CL ; R ~

[ERJ!:‘ - - N A - ,

Aruitoxt provided by Eic:



. a. ,,p’r\oper type of éanlster-—-read the fahel’. :

2 oo ) . R, : . -
)/ -~ b, For‘airtight'face'pieces.c Y 4

I Y

L. For airtlght hoses_and cénnectlons. S

. . . . S
LT d. - Ind1v1dua14need for'spec1a} glasses.". -

'cg'- R o "’ N N . S

e. That the canister is unused.

4. Practlce us;ng anfactual gas mask and becomep cqualnte

feel of such a device. ° ,:\J

. e 3 > L o sl . .
G. Self—Contalned Qéeathlng Aggaratus (SCBA) K S

A L. i

. -

The  wearer: carr1es his own breathlng a1r w1th th SCBA Itsruse .

is requlred in atmospheres 1mmed1ate1y dangerous o llfe or health

{ For the rescue of pers%nnei, or . escape. ‘The SCBA should be properly

~

o fltted and used accord1ng to 1nstructlons. These 1nstructlons are

‘\1 , affixed to the ccntalner for the SCBA. ﬁIt is recommended that each
'poten&}ailuser practlcevw1th the unlt before actual use. When
properly sed, the p051tive pressure demand sxétem will preVent

harmful gases from enter1ng and prov1de breathlng air- 1n Tow oxygen
. &, .

‘areas. . v '

H. ‘Air Supplled Resplrélor A o - , )

.. ) . " n \'

' -t

There 1¥ one basic difference between the SCBA .and the»Alr Supplled
) Resplrator. The SCBA is selfe?bntalned whereas the Air SuPPlled
Respirator depends on a remote, source of alr. It 1s connected to” thls:

7remotelsource by'a hose. The aAir Supplled Resplrator has the. advantage

of a contirfious supply of air, however,ffreedom-of movement is somewhat. *

restricted. 'to the connect1ng hose. Care should be taken to avoid

L. - -
\

cutting or damagifg the hose.
’ - C e K .
tanks and: similar enclosures

.ﬁersonnel required to enter fumigate

\should wear B reicue belt. Thex shou d be under constant observatlon
. o I, _

from out51de. < 4 x o "

Aruitoxt provided by Eic:
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' Apglication~' . - ~ , v i o - - .
T ——— . . . . . . . . . v

~ ‘vAl..All appllcatlons should be made 1n accordance w1th the fumlgant '

manufadturer s recommendatlops.j N R
S : . .

-~ Ly

B. 'Aréas to be-treated should be posted 1mmed1ately prlon to app&lcatlon,

é. Apply fumigant from outsj e where possible. -

D. Personnel applylng fuml ants should not enter 1nto areas where
T

’fumlgant gas or vapor is beﬁhg dlscharged except in extreme\emergencles.

’\".

E.- Take into COFSlde:aEﬁ§\%§§Z?lllng w1nd and’ oth%r weather factors. Co

’ S K;\ ’ ; - ; o e
. F. Post'warning signs. » —{
SRR 7o . S . . . : S
G. Provide watchmen where required or necessary.

. Lo : : , : , K

L~

.Postapplication Operations. - ‘ S .
) '. . T . g - _\ T =
A. Provide watchmen whéj;'required or necessary.. @%

»

wis B, Ventilate and aerate’in acFordance with structural limitations.
(O ' ' e B W o

~Ca .Turn on all‘ventilating or‘aera;}ng fans where appropriate.

* - ' - .

D. Before re- entry, use =§u1table gas detector to determlne fumlgant
copcentratlon, SO’ that approprlatq\precautlon may be taken Neﬁer
o g rely on fum%gant warnlng odor during re-entry or aeratlon. Wear a

gas mask untll the area. is determlned free of*gas. ,‘ -

, L. i

s E.., Check for gas.concentrations in'areas.which aerate slowly.
“ ' .
/' o - v . - . X .(. R
Fi; Remove warning signs when aeration. is complete.

G. Dispose of empty\containers.

. - . > . | . . - . ﬁ -
. . 'H. Return unused chemica n properly and clearly labeled containers to
L I o . % L S :
- storage area. - _ Con : T p
= . )
. . ‘ , )
‘. L
. s "
. 2 N \
~ \‘ g -

e = T T
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. g ' _ USBE OF SAFETY DEVICES . . o
B R S
How to Use a Halide Gas Detector, . . S & i} ’

--* While the halide gas’detector has been tsed for man years, its importance

.
.
» o o

is enhanced by the development of . treatments employlng enclosures other than
he conventlonal°fum1gatlon chamber. It is an operatlonal as well &sAg safety

dev1ce, since the ellmlq@tlon of fumlgant leaks increases the effloacy of _
operatlon -and reduqes harmful concentrations out51de ‘the area under treatment.

As a precautlonary measure, it -should be uged regularly 1n rooms in whlch

.chambers are located, partlcularly when the building also houses OfflCéS or other

occupled work areas. . : IR _ }11 -

.|.': » ] - ’ !‘ : B . . . . ' - vv._' . . -
Prlnc;ples of operatlon.-“The hallde gas detector 1s used to 1nd1cate thei_

v

L
resence and approximate con Th1s is ,

Yoa

ntratlon of methyl bromlde in the a1r._
accompllshed by passing th air to be . tested over a red hot copper plate or. »
cone through 'or over. W] ch flame is pa551ng.l The 1nten51ty of.colors- imparted td
the flame rndlcates the presence "and concentratlon of methyl bromlde in the alr.
The leak detector‘also reacts simifarly W1th ‘many other hallde gases, 1nclud1ng~’
’ freon, carLon tetrachlorlde, and ethylen; d1brom1de. The follow1ng are the

approxlmate methyl bromlde concentratlons assoclated w1th the ¢olor 1nten51ty of

[+]

‘ the flame- - ' e < : » o
+ . : y_o : L. - . - ' v N N . " \ N
» : . . _ L Do .
PPM. ‘. T . $ -Lbs/1000 cu. ft.. Flamp Color - )
B N ~ .0 . " No color ¢
- 25 y + 0.00§25 ;" Faint fringefof“green' ‘ "
50 @« , - 0.0125 B Moderate green - ANy A
125 ' 0.031 Green | )
250 ~  0.0625 . §trong green
500 o : O.léS" : Strong greénﬁblue frlnge
© 800 ' 0.20, 4 Strong bBlue-gree
. 8 , ' g blue-green -
1000 0.25 . Blue L -

ThlS table of flame colors for varlous ppm' s of methyl bromide applles
only when the deteEYrﬁyls operated at its most sen51t1ve rate, ‘that is, when -.

the £lame is. reduced to the‘lowest rate’ suff;c;ent to keep the reactor plate or ’

cone red hot.” Also, in using the detector at n1ght ‘the : flame has.a blulsh cast

whlch has to be taken.lnto consideratlon, *

Q //< . ‘ B - E . "‘H:' ‘ . o N - K"i .
ERIC R 234:, L g -

<’




# . ‘ o . _‘ R . B | ’v ‘
. - n . . h : /
~ . '\ ok

v T -,1§“;- T “ R

o . . . : B

Descrlptlon-' Bas1ca&ly, all hallde detecﬁors ari qulte s1m11ar1y con-:-“

B

, "ng‘

N Jructed’bdlfferlng only(ln detall by the varlous manufacturers.~ ‘Each™ consrsts

[ of a, fuel tank, a valve assembly té regulate fuel‘flow,.@ﬁsurner head aifembly . .
wﬁere the fuelland agr m1x and uglt and the reactlon‘place or coneuﬁssembly j 3» N

. i .
’ where theeéis1ble flame reacts 4n colo; t0wthe halogen fumlgants. The a1r mlxture

to pe tested is fed to the burner head dssembly.by an attached search hose. - ’;._,
\ . [y . N Vs . . ) -

v The hallde detector is relat;xslg troubke'free. The burner head orlflce ts %
extremely small and must be kept freg of cloggnng w1th dhst or .other. debrls. The

-~ v,

[, reaction plate or cone wlll need replac1ng occasi nally. _;'

Usage- The hallde leak de Ltor is made operable by hold1ng a llghted match

in the w1ndow open1ng of the burner tube and turn1ng the valve slowly to the

left After the reactlon plate or copper plate has heated to a red hot color, '1

)

‘‘the’ flame should be adjusted to the m1n1mum s1ze “to ma1nta1n that color. The de-
" tector -is now ready for use and this is accompllshed by hold1ng the. open end of the

search -hose on, ‘in, or near the area‘or art1cle be tested  As the air sample
A

thus drawn 1nto the burner passes over the heated reactlon plate or cone,‘the flame
golor changes 1f methyi brom1de or any other halogén is present. T .

| ’

h

Since the operatlng hallde leak detector conta1ns an open flame, there must t“
.be a str1ct adherence-to the obv1ous safety’ pract1ces. Even when not in operatlon,

it is adv1sable \not to store the detector an a frequently g:hablted room, the’ fuel

be1ng a flammable gas- undqg pressure. Do not “use the hali detector in mills,-

elevators, or other enclosures where there i¥ a pOSSiblllty of dust- exp1051on.v

~ Jh M
S ' : . ‘ : S oot

How to Use a T/C Analyger e SN . .
. ' N ) ’ it ‘\ »"

i The thermo conduct1v1ty analyzers (TAC) are sc1ent1f1c 1nstruments spec1f1cally

»

designed for determ1n1ng the concentratlon of fumigant gases w1th1n the chamber,

-or other enclosure whlle the actual fumlgatlon is being conducted

Description: -The‘TCA éFumlscope, Fumiscope. Jr., and_Gowaac)Ais ligﬁt in

s : . . 8 .
. . . . oo

) T

-

) ‘ R N
h> v~ ® 2 N . o - T L3S T ’ R
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gyelght, readlly portable by hand, completely contalned in one. compact cablnet and j

3 \h
e

requlres no huxlllary equlpmentw I¢ contalns a thermal conduct1v1ty cell, a
meter, a gas pump, controls, and may'contaln a gas flow meter." It operates on

gtregular llS-volt alternatlng current»or battery power.: A gas drying tube is-
e o <
- aiso,lncluded Thls should be_used w1th any’ ?CA. R

v,

[ R A e, ‘. - ‘-
oo, .

x> Prlnc1ples oﬁ Gperathn The-dlfference 1n tHe thermal conductlvlty of the

: fumlgant laden ajﬂ as compared w1th purearr is conyérted lnto electrlcal energy ~

-

iaﬁd”&s 1nd1catedkon¢the«meter as. concentratlon 1n ounces of fumlgant per lOO cubic

- " <
feet (TCA<S usedsln PPD have been callbrated for methyl bromlde by the manufact—
‘urer prior to dellvery T . S . o7

d ]

) ;. . N LS .
when long sample llnes are used’'a small vacuum pump may be usedato draw the

Q-

Y
ai s sample from theﬂtest‘polnt to the end of the llhe. Thls.speeds up the

readlngs on the gas analyzer. The following table illustrates this fact: T

s

e S

. . ‘ o
P . . : . N
L ‘ . .

. . . - .
- .. . '

Lite = o ' Tlme Required for T/C- Reading - ‘ _ .

,YI, .un.'. “ o :, w1th Pump . Without, Pump . ‘
1 S s s . 128 sec. .
2 7 ' h 70 » S ST woom -

oL ' 75 v o 120 " '

” TheseﬁlinesVWere 150'-— 260',long. e ”,‘ ’ )

4
. i : .
PR . . . '

-

VI ) J .
e -'The proper procedure s tokcennect the llne to bé sampled to the:vacuum . .
pump whlle ‘the reéading is taken on another line. When the first reading dis

completed remove the llne from the vacuum pump and connect 1t to the T/C analyzer.

Repeat thls procedure unt11 all readlngs are completed.“ ?

-
a

It is not- recommended that the TCA be used for checklng concentratlons
(when fumIgatlons are under vacuum since spec1al_procedures not hereln prescribed

would be required.- -~ v . A .
- . A n‘ » .' .

‘ Although the TCA is designed :to measure MB concentratlons ‘in the range of
0 lod’oz. per’ aoooépu. ft. (w1th close approxlmatlons up to<llo oz.) and is
w1thin 5 percent of accuracy in thls range, it may be modified to measure 0-200 oz.‘

' for a modest fee, by belng sent dlréétly “to’ the manufacturer.f Since the TCA}

} S A) o 14 v * i s ’ ¢
. N " . N . v’

_ . . LR

O © ' 2 ' s ‘ L ‘3/ e k’J
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galvanometer responds linearly to gas concentrations, the MC- calibrated in- '\
strument may be used for measuring certain other gases by the use of specific_
multiplication factors which have been determined by laboratory studies. For
example,‘carbon tetrachloride concentrations may be determined hy‘multiplying

the meter reading by 1.0, ethylene dichloride by 1.05, carbon disulfide by .85,
and ethylene dibromide by 1. 6. A .

J
>

-’ ; .
-~ Operational procedures: The proper use ot the TCA is discussed here under

\\three general headings- (1) selecting the operational s1te, (2) standardiZing the

- instrument, and (3) using the instrument for measuring fumigant concentrations._

‘ Because of/the variety of fumigation ?ituations, some adjustments may be necessary
to meet specific needs. Nevertheless, this general outline should.be helpful in

'establishing correct operational procedures:

1. Selecting the operational site for the TCA. The fumiscope should

"™be close ~enough to the fumigation site to avoid the use "of unreasonable
=‘ lengths of sampling tubes, to. allow for a constant surveillance of
fumigation setup during testingt and to avoid interference with other
activities jin the area. It should he ta sufficient distance from the’
,fumigation\Site to allow operator to function w1thout undue safety ,

'hazard and to allow for easy exit in an emergency Also to be con-
sidered is the avoidance of excessive wiring which could cause LR
mechanical failure and increase the hazards of. operator injury. If multiple

1ocations are netessary during operation, to reach sampling tubes, care

should'be taken that each location is the best available ¢
. PSS .

The TCA should be supported on a sturdy level surface, outside the
traffic pattern; and protected from w1nds and excessive cold avoiding

the sun in hot weather Some temporary shelter may- need to be provided,

-
v

such as a tarpaulin or nearby vehicle Optimum operating temperature
is 75°F. . S T ; .

.

The gas_analyéers used by PPD operate onylls-volt alternating current
- or battery power; for direct current a converter will be necessary:
< It isr§ecommended that all'llS V. A. C.' TCA instruments should be
7 equipped with 3-wire grounding-type cords to-minimiZe shock hazards.

- . oy T i
- b . B : c. c

Q B .

ERIC
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(Modification instructions are available for present instruments )
Where 3-wire grounding-type electrical outlets are not available, a
grounding adapter must be ' used in the electrical outlet and the green
wiré of the adapter attached to a gopd ground (water pipe, electrical
conduit, etc. ). To install the adapter, the "hot" side of the
two-wire electrioal outlet should be determined by use of a neon ‘
test lamp. Next, view the adapter from the 3-hole side with the hole.
,for the grounding prong dt the bottom, and insert the™ right-hand prong
of the adapter into. the "hot .side- of the 2-hole receptacle. Then
attach the battery clip, or end lug, to d good ground. ‘ '

These arrangements apply a ground to the case of the instrument !
and place the instrument fuse in the "hot side of the line. If the

fuse "blows," suspect an insulation breakdown, short-c1rcuiting the

line’ voltage to the case.

Extension wiring should be kept to'a practical minimum and should
preserve-the grounding arrangements just ‘described. Either use 3-wire
exterision cords or”attach the grounding adapter to the instrument cord.
When feasible, rajise extension cords to’ clear obstacles rather than

leaving them at floor level %

T e

'2.' Standardizing the gas analysis This operation is the equivalent of

adjusting - the bathroom scales before weighing oneself " TCA is se u

and the pump and meter switches set™so the on position after connecting

the instrument to the electrical aeutlet, checking the fuse if

"an adapter if of a size different from the inlet stem, Allow for a

"be adjusted to l ‘cu. ft. per hour (the Fumiscope Jr.- has a rubber

-

should- float at the mark 1’ line in the calibrated glass cylinder, a

'inoperable. Replacement fuses (Little Fuse or Buss #3AG1l/2Amp. )

should be kept available. Next the sampling tube is attached using

8,
5-minute warm-up (15 minutes: if drying tube attached) before drawing

‘an air sample. During this warm-up period the gas flow rate should

squeeze ‘bulb in place of a pump), turning the knob counterclockwise--

to increase rate flow. When properly adjusted, the flow indicator

although it fluctuates slightly from a stationarywposition. The
current adjustment should be made on those instruments with this

\-

X
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control. After-warm-up, the meter needle is adjusted‘to a gtable

zero by dialing clockwise. Standardization is now completed peﬁding

the taking of concentration reading during the fumigation operations.

3.'f?robingffor and measuring fumigant concentrations with standardized
iscope.“ Commodity fumigations must be probed with a minimum of
‘three sampling tubesh one in the’ center of a center bag: or other items
of commodity, one ‘in an outSide bag, bale of hay, or similar item;
and/one on the floor. Large lots should have additional sampling tubes <

AN

in proportion 6f approximately one tube per 20 tons of commodity,.
N mostly placed deep within the commodity.' Each~sampling~tube should be -

labeled as to _the location of the probe. ' "
Machine(;;:r equipment fumigations should also be probed with a
minimum of 3 sampling tubes, one high in the headspace, on near the
center of the machinery or equipment, and one on the floor. Before
starting the fumigation the TCA should be given a tightness test
’while in operation. This can be accomplished by plaCing a fing§i§ZVer
the far ends of sampling tf@bes. The flow‘ball on;the flow metéd ould .

~ then fall to zero if the tubing and connections are tight;

' In making gas concentration checks during the Sourse of fumiga—
tion, the TCA-should first be warmed up for approximately five minutes,
fifteen minutes if drying tube is used, delaying placing pump in .
‘ operation until after this meter . ‘warm-up and attachment of sampling .
,‘tube. The gas. flow meter should show 1 cu. ft. per hour rate, adjusting

to this rate if necessary. ~'I'he instrument is now ready for use and

gas=-air samples are drawn, via the position tagged tubes, from the area

\
I

_3under'fumigation, and should show on the meter as ounces per lOOO/cubic
. feet. Sampling tubes should be loosely plugged .with lambs' wool or muslin
o 1f insertion is to be made into flour or finely ground material The
sample-drawing time, however, should be suffiCiently long, to insure a
true reading, varying with the_size and length~of the tubing from 30
seconds to several»minutes. With 150 200 ft. of l/4 in. OD tubing and a
btemperature of 70 F., this will approximate 7 min.,- 5 min. for 100 ft.,

and about 3 min. for a 50.ft1 line.- 1In all cases, too, the use of a
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drying tube w1ll require additional time in drawing reliable )

samples. This can be speeded by using a small vacuum pump- to purge each -

. sample line before'it-is connected to the TCA. 'I‘his will_brin6 the air
gas mixture to the end of the sample_tube so that the pump in .fhe TCA
moves the fumigan_t air mixture ‘only thro-ugh’the gas analyzer.

In using the TCA, it should be borne in mind“that the jnstrument
is sensitive to a number of gases other than MB, AND 'I‘HESE MUS'I‘ BE

{

ELIMINATED FOR A TRUE READING. - -

v Carbon dioxide may occasionally be troublesome in this regard

/particularly with fruits., If a pre-fumigation test indicated signifi ant &

quantities, a tube of sorbing material (usually sodium hydrate, such a
Caroxite, a Fisher Scientific Company product), should be placed 1n the

sampl ing line. .

.
the fumiscope should be
pling tube and allowing the

After final ‘readings of a fumigation,
“thoroughly purged by ran{ving.,the_ last s
punmp to draw pure airfth“rough the instdument for several minutes.
a I-I’qw fo Use a Drager Detector ’}.',-" S " .[\ PRI |

'lihe Drager det'\ector coﬁsis‘ts U:f a: pump to draw the air gas sample through

;,z-:‘ _' .

. >y Y
a calib;ated detector tube.v> ’.I’hq end ?f th,e ‘g,lass detector tube are fused to
' seal the tube from contminatig\m:"'ﬁ'?ﬂ@%" 'fends must- be removed before drawing
“Eube should be )?\serted in the pigmp

le through the tube. +Thé" l'f ‘l:K -
in, JZ 'pointsw‘toward the pump.  Several

ecto;
. n)@,
uch a way that the ar{aqw om}’ﬁﬁﬁ" tv&

gy ”L‘

‘strokes of the pump "are needed td}draw an adequate sample of the fumigation

'atmosphere through the detector tube.
- ) . ) N “_ . -

'I‘he concentration of phosphine methyl bromide, or sulfuryl chloride can

. _>‘
[

then be read directly from. the printed scale. The limit of the stain indicates

_PPM of ;fumigant in theair. If there is no color reaction ‘after drawiny a

T san\ple through. the tube it can be used for” another sample.'- The detector tubes

should be stored below 85°F. and protected from light. Under these conditions
they have a storage life of two ygars. At 1ower storage temperatures they can

be stored for longer periods without' losing effectiveness. PO : o
» -7 ’ . +

-
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How to Use a Gas Mask

Principle of operations: The gas mask, when properly assembled aa//

fitted is a compact air purifying unit which furnishes rotection against
those harmful gases or‘Vapgrs listed on the canister lapel. During inhalation,
the air enters the canister through the bottom and passes into’ the :interior.

Here the air is chemidalﬂy purified or the harmful gases or vapors neutralized

-t

" The purified air thEn passes.through the corrugated rubber tubing into the

molded .channel of the [facépiece, some of these channels directing the purified
air to the lenses to reduce fogging. During exhalation, the gir is expelled
from the facepiece through the exhalation valve which is so designed as to,
permit near normaI converpq@ion. This valve outlet a1so serves as a drain for

.moisture which may condenst from the operator s breathing w1thln the facepiece.

! An inhalation valve at the bottom of the canister prevents the exhaled air

. r ) .
~ from being expelledthrough the canister. . o : L

Usage: The ~gas mask must not.be used in an atmosphere def}cient in oxygen.
Thefcanister label indicates the limitation as to percent of dange;ous gas or
vapor in which. it is effective. The wearer should advance cautiously intd the
contaminatéd area and return to fresh air immediately if irritating gases are

noted or if symptoms of distress .are experienced. DI _ p"‘l T

-,

In preparing the gas/mask for use, the folloWing steps are taken (a

' Wilson-WIG ‘mask is used/as an example; details kill vary With other masks)

. Vs ;

1. Remove from carrying case and examine visually ior defects. -

7

Check all rubber parts and fittings for deterioration indicated by

minute cracks ithhe rubber.

2. Check canister for effective date and gases for which effective.

Canister must not be over four years old and seals must still be intdct.

3. Place neck strap of canister harness aro nezf‘with laces formard,

'adjustings}o carry canister weight in co y rtable position. -
4. Attach bggy strap to hold canister firm1§ against body.
5.- Remove’ canister seal. - J\\,i ' o L .
6. ?oosenkmask head straps to end tabs. o

o 3
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. 7. Fit mask to face and head, firmly against chin strétch strap; the . ‘

head harness should come completely to back of head; adjust allE
straps for snugness, pulling top forehead strap lasi for securing
tight geal

. ) x ¥
\

8. Test mask, holding hand over air inlet on bottom of canisteg; mask

.collapses on inhalation if airtight. - . e : : '

9. If mask -does not pass leakage test, tighten all clamps, connections,
and straps, testing)facepiece by grasping breathing tube and o . -
“squeezing it.closed i; ; : S ’ '\\\\\‘

P~ . ’ ! - ‘ )
'. Maintenance: After each fumigation usage the st mask should be carefully

checked for any necessary repairs. After discbnnec ng the breathing tube
from the canister, the facepiece sho

;-

d be cleaned with soap and warm water,

\‘\'\\t*?'s—’r

"thoroughly rinsed, and swabbed with a mild disinfectant, drying at room e
/;emperature. *The mask should then be reassembled, equipped with a hew A !

cannister with seal intact, and placed in carrying case, ready for e?ergency use. '

1

Canisters are availasle in several sizes. They will protect the user 7‘
only as long as the téxi vapor/ig removed fr\\\the air he bréathes. The S\\\
;,//time is determined by the gas“concentration, the rate of respiration, and the e
fumigant used Contact the manufacturer for information on the length of time |

a canister can be used before being discarded. . ‘ \ - b
1 * . - a ’ \
, : i “.\'
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. #ELF-HELP QUESTIONS |
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- W
) o : b A

Now t&at'ydﬁ have §tud?ed this section, answer. these questio%s.. Write
the answers with a pencil without referring back to the text. When you are
satisfied with your answers, see if you are correct by checking. them in the v
text. Erase your answer and write in the correct -answer’ if your first ‘ '

answer is-wrong. '
. . . . > . X

1. what emgrgency telgiﬁﬁﬂe numbetrs should be known in.advancé'of any fumigation?

¢ . ' : . :
2. Should warning signs be posted;Lhere fumigants are being used?.. J

‘

-+
'

3. should fumigants be applied from outside
' LA . :

“the structure,yhenevéf\pdssible?P L
. . 1Y

4. What is the.mihimum number of peféons.whO'sﬁould work on a fumigatioﬁ
operation? . “\\ L L
h . . . L. W X . ¢
5. What are some iﬁijcétions of poisoning f:omlfpmigants? ", s

: -
i

S ) e R -
.é. 'Are‘chniSter—type gas masks effective at high concentrations of fumigants? .
. . o K - . ' Lt
7. Wh jou £ind information on EHE=Gen: 4 N
- Where can you find information on “Proper canister to use with a fumiganté
-2 . . . I‘I‘ ’ ) sy, . ' L, - F.
8. When is a self-containe breathing-apparatus required instead of a canister .
gas mask? ' : 4 o v :
. - v

9. Wﬂ;;f;;:;ld a suitable gas detector be used? . 1 s

: . ST . . . .
e \ . . o g o ¢
10. “What are gome fumigants that can be measured with a halide gas detector? :

11.. Where is,it‘dangerouélto use a halide gas-defectbr?

- -

i

12. How shouldfa vacuum pump be used in conjunction with a TCA anaiyses?

13. what is thé*clbsest distance fro fumigation site that a TCA analfzer o >
should be used'% ' ﬁ : ' » ,

B . ) ’v"I
. J . . } ) o ,
. . . N . } ) T
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16.

717.

—27—.“ _ . \

What is the minimum numlqer of sampl:mg tubes that should be used with
a 1ea analyzer? "

4 )
T . 4
. . L]

How is carbon dioxide elimlnated from “Interfering with, readings from a
TCA analyzer? R ’ .

S e

’

'What are some fumigan’t‘:s that can be detected with a Drager detector?

N - . ‘ . 6 ) :?"# H . N
v . ) . b \ - .
. - . oo By N 5

. ) 4 . . . “~ . L ’
What should an.operator do if irritating gases or symptoms of d stress
are noted in‘a fumigated -area? : : T
. - ¥

7
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W .~ TYPES OF FUMIGATION ENCLOSURES
N - . - . » ] 'f\

\_ ' .. ~ )

>

There are three common;types of fumigation enclosures. Each~has*ad’ant-"’ o

ages for certaln uses and none of them % can. meet all the needs for an enclosure to

: conf1ne ghe Fumes of certain chem1cals untll they have kllled the pest. ‘ .

- ‘s
-

\

Permanent Atmospherlc ?ressure Chambers ' , ‘
\\ . c -t ' , :
\ .

All fumlgatlon chambers must be.tlght. Those constructed for fumlgatlon

Those construoted for: fumlgation purposes(should havq\douﬂle walls, although in,,

some 1nstances 51ngle th1ckness materials are used t construct chambers for .

} AN v .
- temporary or limlted use.v,It is -advisable to use ouble walls whenever possible

LS . On double wall chambers the

and to use insulation materials’between the w,
':)nner walls should be checked for tlghtn s after- they are sealed and before

e . . ..

lan outer wall is added‘

-
AN

Leaks are easier to locat@\and repair w1th only a single wall 1n place.
It is adv1sable o use double walls and 1nsulatlon materlal between the walls,’
especlally 1f thevchamber is built in an_open area where existlng weather
T ondléﬁons may affect chamber temperature Chambers constructed 4n th1$ manner“
. will ptevent a sudden rlse ‘or . fall of temperature durlng perlods of exposure.
Drastic temperature fluctuatlon may interfere with insect klll or adversely
. affect products being. treated Exlstlng rooms or bulldlngs may be conuertéa'to

S
serve as fumigation chambers; however, the same precautlons .must be taken to
‘'insure tightness. o S : g -

L

In assurlng the tlghtness of the fumigatlon chamber, 1t should be.borne in

[y

". mlnd that the outer wall is of llttle 1mportance. It does act as ‘a windbreak °* g
‘and prevents pa551ng air from syphonlng gas through p6531ble openlngs. The :
inner wall is. ‘the one that ‘has”™ to be made tight. This can best be'done»by
plannlng the structure carefully. In the case of a wooden frame building,.x
sheet materlal should be used for the inner lining. The height and w1dth of
the bullding should be planned to conform to the dlmen51ons of{the 11n1ng -

ion of aluminum), :

. material to be used. Pressed masonite, sheet metal (with excep
Z;ls- ‘They ‘are manufactured in ¢

‘and plywood'are satisfactory 1ining mat
lard size is 4 feet in width and either

different lenéths and widths but the sta
6, 8, 10 or 12 feet in length.. The upright studs in—frame buildings

o :353
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should be exaqtly ﬁhe height of the 0

that the sgheets of lining material mayybg\Joined on centers of properly spaced '

studs.. . T : . . . _ R
AN | o .

>

. -'«.

rs \l‘s been stressed and is ,

. The tightness oﬁ atmospheric pressure c

important' however,‘it is difficult to make them
. of how well constructed,\sbme air leakage usually urs. . The lick of absolﬁte ’M;/

tirely tight Rﬁgardless

-

nsideration in the develogkent\qf app oved _/;f’fi;d“ﬂmqﬂ
fumigation schedules and, so long as the degree of tightness meets standard

tightness was. taken into

requirements, fumigation chambers will perform satisfactorily

All 3ermanent fumigation chambers, except those used to fumiggte vehicles, ,
should have false floors. They are required because gas-charged air must’ be |
made to move in a manner so that it is drced around and through the load. . The -
.distance. from theﬁgpbﬁloor to the fal7

at the\amount of free air beneath»the load

oor must vary according to the size o? N
N

the chamber. This is necessary so th
: wﬁ&l be sufficient to supply the air/intake needs of the various blowers '_ |
required for differént size chambers. T "\, ) '

' ‘False floors sho'hld be slatted {vith boards of- eppropriate ‘thickness. . These : ‘

-'boards should not be more than 8 inc’es wide and should be spaced two-or more’

- . . . \ L o i '
I TR . S
. £ . . ‘.\ . /

erB are 1hner11ned with plywood or masonite, the mast
g& E : A .
are: where the sheets Join each‘oEHE{ alohg\ "

. inches apart "Elf'

T If fumigation c
likely places ‘for air to esc
the sides pf the chambers- where the upright ‘sheets jqin the sheets that form
the overhead ceiling, or where the bottoms of the sheets join the floor.

;iBecause fumigation enclosures z?e subjected to extreme changes in humidity and’
temperature, lining materials will expand and contract and eventually cause © .
air leaka s the\materials are properly jointed . The lining sheets . iF
- should not be joined clos \ly together; a space*of about 1/8 inch should EE left; |

" between them to allow for expansion.: These 1/8- inch openings should be filled

? by forcing caulking material into,and along the sides of the seams. . Common vh
roofing tar i satisfactoty for this purpose It does not harden like*putty

» But will expand and contract with the ‘ceiling and will not separate or, lanEV
openings. Two-inch lath strips should be nailed tightly over the caulked seams.
Rust-resistant sheet iron 1s ideal for lining fumigation chambers.

. l ' ' .
L . i ) L Rt




" material should be placed along the- edge ‘before ‘the overlapplng sheet 1s

.-~\>Av‘. . . ‘.7 “'l' ' _. « | _.3‘0‘__‘ e S Aw;_‘ A..\ "
, . | J | S ' - 'v . o

= . - o o ST

-It does @ot requlrebpalntlng when ethylene dibromide is used. If the sheets

"

are ‘overlapped about l 1nch, fewer nails will be requlred. When onevedge

of the' sheet has been attached to the studs, a liberal amount of caulk1ng

\\_(

P2
attac:7d. The overlapped area should be covered with lath strlps and nalled

quent\lntervals. The nails»should be conflned to the area where caulk1ng‘

[y

*at fr
aterial exlsts.\\ o : "

<

N L % -
N, L
Fumlgétlon chambers may be constructed w1;h cement slab floors and walls.

’ ! .

—of brick or cement block \* Pressed masonlte, plywood, or sheet metal-—except ]

—

) methyl brom1de or cyani

aluminum-—shouldrbe used for\the ce111ng with wood joists. Walls and ceilings -

made of wood, cement’ blocks, or br;\\s requlre inside’ f1n1sh1ng to prevent gas -,

leakage. . - PR :?;F\ i ;“ \rﬁ\L

Fumigation ch mher s constructed of cement,\cement blocts or brlcks may

be made suff1c1ently ti
o be used as a\fumagant 1f wood is used, it must

, N
be pa1nted with an approved'paln . If ethylene~d1br0m1de\1shko be used, false

The doors are respons1ble for most of the leakage 1n

This can "be preVented to a great extent by using stralght matéri:l,‘larger

" than usually used in the construction of door frames. The door hould not be -

thickness~to/minimize warping, and should be-equipped'with strong, stu
Two parallel str1ps of moulded Tubber gaskets should be cemented on the
fac1ng so that when the door is shut they are compressed t form a t1ght seal,,

A wedge or. leverage-type latch, s1m11ar to those used on ice houses, should be

2

used to hold th door closed. Desplte these precautlons, the gaskets may lose

res111ence or the h{ﬂges w1ll become ‘worn or sprung ‘and the door may warp.h~"
.

4

In order to overcome present or possible future dlfflculty with fumigation
Fi2om

‘ chamber doors, it is adv1sable to{prov1de for cross braces whlle the chamber is

7

belng constructed.' Cross braces placed at pos1t;ons .about one—thlrd and two-
thirds ofathe helght of the door usually suffice to" 1nsure t1ghtness. Four

f . " . - . /.;

- ‘
Qr . C
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,4_~iron bolts should extend through the door frame threaded ends out at a

sufficient distance from the door to allow it to open freely. Cross braces /\ﬁm\\
should be made of heavy timber’ or.pleces ‘of angle iron; holes may be bored 1n

/

the ends to accommodate the bolts, and wing ngts may be used to t1ghten the

-t

braces agalnst the door. o .

- . . .
. o o

Tarpaulin Chamber- E v ' ' _ o ' _ S,

A method ‘often used to confine fumigants is the qérpaulln. ThlS may be . )
v -

polyethylene film, plastlc-coated nylon, or‘gny other tarpaulin materlal that n

1s 1mperv1ous to the fumigant. ,These tarpaullns can be moved to the %umlgatlon

' © site where commodltles, equlpment, or vehlcles can be covered and fumlgated._}

ThlS type of fumlgatlon enclosure conforms well to the load It does rot s

L requlre large amounts of gas to te ‘excess space because the air space

/ between the load and the tarpaulln is minimum However, adequate head 'space.

/‘ mast be provided above the load. o L .. .

; Operators should reallze that fumlgatlon tarps are not in the same class
° - ’.\V -

J as‘tar—coated canvas or othe water—reslstant tarpaullns. 'Fumlgatlon tarps dre ‘
qulté expenslve. They should" never be" usedeﬁor any purpose other than ‘ "Q;

fumlgation. They should be- handled\carefully and never dragged along the ground

¢

After use, they should be cleaned, dried if necessary, and folded and t1ed._ .

;'If they are not “well cared for,i&m& w1ll be £orn or the plastlc coat1ng wlll s

com off in areas that have been. exposed to chaflng. Ingury of this type ig’

M

aif £ u t to detect unless the tarpaulins are draped over ‘poles, tent fashlon,

and ins ected from 1ns1de, Alr leakage up to aJcertaln point is perm1s51ble, but
! R .
beyond hat polnt tarpaullns w1ll not hold. enough gas to kill. 1nsects.
#

‘ / )
When tarpaulans are used for fumlgatlng commodltles, theKuL::ser;ous loss
‘of gas ;ay be caused by absorption in. earthen floors or escape around the
fdges of the tarpaulln m?'umlgatlon should be conducted on asphalt or

bottom

S =

'cement cgvered surfaces or ;1ght ‘'wooden . floors, 1f poss1blg Th1n, expenslve

plastlc sheetlng, lamlnatgd s1sal-kraft paper, or llghtwelght roofing paper must -

be used to cover leaky wooden floors or loose or sandy ground to prevent gas
penetratlon."The sheetlng should cover\the entlre area 1ntended to serve as a - N
floor for the chamber. he sheets should be overlapped about six 1nches. Sand '
or earth may be used to cover them td a depth of one or’ more 1nqhes as pro.t‘eetlon ‘

~’gafﬁst punctures. Methyl bromlde losses can be reduced by thoroughly wettlng

}\g P tl;;r . . N o0 .,
NS . | 5)8 - | _ e




L o . . . .
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‘ uncovered earth prior to releasing the gas. Much gas willfenter sandy soil,H?
- despite packing and Wetting.  .%. % o : o
. , , 9 -

N

aulin, it

< . In~order to prevent gas leakage around“the bottom of the ta
is necessary to arrange the load 5o that at least two or. three feet of the o

tarpaul}n is ava11able~to_exfend outward from the load and lle fla on the

surface. The surface should be smooth and even. An effectlve sea can be made

s

\

by pourlng loose sand on -the flat portlon of the tarpaulln or by us'ng over-
Lapplng sand or water snakes, whlch are long cloth"or plastlc bags about 5 or 6

feet long and 3 or 4 1nches 1n dlameter, filled w1th sand or wat%f
(

5

e

Tarpaullns, regardless of ‘how' good they are or how carefully heys.g;b used,
are oAly substltutes and should be used only'when chambers are not|available.

: They have many objectlonal features. Even the best of them have mg ny very small
openlngs that %1low some gas to escape. They are' thin and, s1nce there 1s no

decond wall to retain static -air, the movement of- outside alr wll cause them

va

to -lose gas through any openlngs that may exist, when tarps are used\and exposed

to sunllght, overheatlng may be\encountered ‘ Excessaygﬁheaﬁ may cause.serlous i y‘“

L

1njury to plants or perlshable commodltlék ' - )

It is necessary to form a good seal between-the bottom edges of’ the tarps

aqp the floor and it 1s also necessary to, place empty crates, empty metal drums,

~

or otherwhnert objecﬁs on tophof each’load to allow for, adeauate space to mlx

air and gas. - In effect .a fumlgatlon chamber is built each tlme ‘a tafp is used.

}

and thlS 1s both tlme cghsumlng and expenS1ve. }n addltlon, more fumlgant may /
be requlred as some schefules requlre hlgher dosages for {arpaulin fumlgatlons

\
1n ‘order to compensate for loss of gas. - For the above reagons, permanent chémb S

~should be erected and tarpaullns should not “be used  in 51tuatlons where repeat X

or continuing fumlgatlon 1s.ant1c1pated.

~ .
™ Iy . - )

If regulatory fumlgatlons are done under ters, they must be checked w1th
. T/C. analyzers to be sure that the*correét dosage has beer applled and un1formly
distributed at the start, and to -detect unusual leakage ‘which often occurs ’ 9

i ) 1 T ’ «

with these fumigations. _ . . .

\)‘ : PR Lo ‘ -
3 .
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Vacuuri Chambers - ' o S G A : 1‘
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Vacuum fumigation chambers are lessrfrequEntly used. They are commercially
v built and must be able to sustaln vacuum‘équivalent to 24 5 1nches mercury. )

Because of the’ strength and accessory equlpment needed to sdstaln the requlred
L.

. vacuum, these chambers are expen51ve to bulld and equlp and are genérally

A P -«

limited in size. , . : , f' . ,~_._ R .

¢

Before 1ntroduc1ng the fum1gant, the vacuum must be 1ncreased to the £

4
requarea level. The mechanlcs of operatlng a vacuum fumlgaann chamber shohld
. R
be supplled by ‘the. manufaqturer bu11d1ng the chamber. A .

Advantaggiipf vacuum fum1gatlon over atmospherlc pressure fum;gatlon are ' o
that the exposure period ig shortened the fumlgant wlll penetrate t1ghtly
baled commodltles more easily, and a check of the’ chamber 1s bu11t into each

treatment. If the chamber is not tlght it is 1mpossible to draw and malntaln a

Vacuum._ Finally, the amount of fumigant requlred is less because there is: no . ‘;:f
3,‘1'eakage. Lo ' . ,< %‘l . . ‘/v :,‘L R S ) . B | -
Use of Railway Cars and Other WheeledMCarrlers as Fumigatlon Chambers - CL ‘

. .
_ Many boxcars, Vens,,and other wheeled ca§;1ers are unsuitable for use’ as
'fum:,gat:.on chambers due to the inabJ.lJ.ty to contaJ.n the fum:.gant within them

¢
Some, however, may ‘be used when they are used there is normally some temporary

sealing required in order to prevent gas leakage around doors and vents. Four lf

inch masking tape. 1s 1deal for th1s purpose prov1ded the surface on which it is

to be~applied 19 clean and dry.- oL .
e A ; . , , .

Fumlgation 1n wheeled carriers 1s convenient 1n that the commodity: may be .7

treated without be1ng loaded and unloaded Y, Also, the fumigatlon kllls the

.\,

1nsects in the’ free space of the carrler and live pests do not remain, behlnd 5

to infest the next load e L v

RN Rallway companles are usually W1111ng to permlﬁ fumlgatlon 1n thelr equlp-'”
"ment Whenever .a rallway care or wheeled van is used as a fumlgatlon chamber

it should be checked “for tlghtness prlor to loadlng, if pOSSIble. Any T N
. obvious f1eaks should be sealed. Any wheeled carr1er that cannot be adequately

sealed should be covered with a gas t1ght tarpaulln or plastlc sheet

\

&
' s S
S




' should“also

" Greenhouse Fumigation

Fom

hd

'_Railwal ars should be fumigated on 1solated sidings. Highway vehicles.

| "placeéd in protected sites. Neither should be allowed to move’
until the fumigation period is completed If they are moved, the vibration
caused By the mov1ng ruptures the seal and the fumigant escapes. . Appropriate
warning Signs should be‘placed on main doors and hatches with 1nstructions for

adequate ventilation before it is entered for inspection or unloading.
o’

The two’ commohly used fumigants for wheeled carriers are methyl bromide
and phosphine.' In general the techniques for sealing and fumigant application

are the ‘same as those” ‘described .for chamber fumigation.

A . e

For many years fumigants were used,fer the routine control of insect pests

“in greenhouses. Calc1um cyanide dust gener ting HCN ‘gas with the aid of moisture

from the air, and nicotine volatilized as a gas: by‘ignition or other means,

were both commonly used. Recently the aerosol method if disper51ng insect1c1des

and evaporation from steam pipes have found favor. This permits treatment of

,large areas of greenhouse space quickly and economically.

In computing the dosage of insecticide to be | pplied,_the cubic capacity
of ,the greenhouse must be known. hny'space occupijd by plhnts?ﬁbaqg&e:, soil,
etc., should be ignored. At present,v§”wide range of insecticides and

acaricides is available. These include liquefied_gas aerosols, smokes, fogs, and -

gases. . ' , L

When aerosols, fogs, smokes, steam pipe fumigants ‘and gases are applied

it is necessary to close all vents. Temperature should be maintained above
he el

20 C. (68° F.) but kept below 35°%c. (95°F. ). Outside wind velocity is important.
It is %ot practical to carry out treatments when the wind velocity is above 10
miles/per.hour because when the wind outside is too strong, there is uneven

diséribution of the 1nsectic1de in the greenhouse, resulting in underdosing in

séme places and overdosing in others to the pOint of plant injury.

N3

In applying liquefied gas aerosols the. term aerosol is used to describe

the form in ‘which the insecticide lS dispersed after it leaves a: special cylinder.

,”On discharge into the open the liquid vaporizes and leaves - particles of insect-

'icide suspended as a fine mist in the air. This form of application is

distinguished from the gen(ration of fogs. and smokes.' Aerosols are ‘econemical,

however, thEy do not penetrateé soil and they are not effective against slugs or

snails ' . 41, - ) o . .
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Insect1c1dal and acar1c1dal smokes Pre useful in smaller greenhouses. ' "‘
The toxi%ants are mixed with a combustible material in a special container S

that permlts 1gnitlon and dlscharge. General%f speaking, the smoke cause less

-

plant‘lnjury than the aerosols.

The production of fogs\iﬁ:a modification of a'spraying,technique. By
. ) O : - g T o
means of compressed air, spray concentrate_solutions“are forced through

atomizers so that,small'droplets dre formed. L . -,

True vapors or gases are‘still used in certain ways for greenhouse pest

|
\

control.. Asmethod of some value is to palnt a slurry of some.toxicant on the
steain pipes.' The gas is usually volatilized durlng the night. ‘ ,3‘_ o \\

1

Methyl bromlde is not usually a su1table fumigant feor general release in
“a greenhouse because it diffuses so rapldly through small holes that it is F

dlfflcult to maintain ‘the concentratlon needed to kill the pests.

$ /
Many of the materials- ‘used. in aerosols are extremely toxic to humans. It ,

-

,15 necessary that persons applylng aerosols wear a respirator and protectlve

gloves ‘and clothing. The resplrator should be of the 1ndustr1al type (employlng a '
filter type canister). The canlster recommended is for "organic vapors, acid A >
g gases, smoke and dust." The protectlve clothing conslsts of a work sult P

. completely coverlng the arms and body and long)&ubber gloves. Warning s1gns

‘Vshould be posted on all greenhouses belng fumigated to prevent acc1dental entry.
- . 13

~
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Fumigation of Grain in Bulk

~

- One of the most important conslderatlons in the fumigation of bulk grain
is the" d1ver81ty of structures uged for storage. The' shape, s1ze, and. type of

construction create spec1al problems in ach1ev1ng and maintaining the gas

LN

concentrations required. ' Grain storage unlts are usually broadly clas51f1e//fbr

- fumigation purposes as follows: L >
‘

1; Upright (vertlcal) storage. In this type the height is greater than
ﬁthe length or width. j . - L

. .

2. Elat (horlzontal) storage. ‘One dimension, either leng§th or width, is

greater than the height. ’ _ . ) L ..
3. ¢ Farm type bing and storage ugpits. L ‘ - . ‘
n . i ‘ -
S 4~ _ , _ .
&) ' . :
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is used in vertical storage situatiohs.
The fumigant is applied to the grain\go that it is distributed as evenly as

ent;_ This method is often, used when

stream as. the infested grain is being r into a storage for the f1rst t1me or  f

is be1ng transferred from one .bin to another. Only 11qu1d or solid type;fumlgants

are used in this way. This is a simple method because good results ¢an be
¢ | ) )

y

* obtained if the application is done by hand.

>

. The Surface;Applicatien Method is used inlflat storagegsituations and

- utiL}zes 1iquid type fumigants.: The liquids are sprayed eJ‘:1§ over the top
surface of the ggain. The vapors slowly evolve and diffuse_downward thrhugh the
grain;.’Under modern eonditions this method‘is usually used only‘when the grain

cannot be turned or in an emergency situation.

> In Farm Storage Fumigation the gas~tightness ef the struct%re‘is anh
_important factor because the bulk grain is not large enough in itself to retain
vapors once leakage begins. Steel, concrete, or tight wooden sStructures dre
usﬁaliy\éét‘ factor&;- Most wooden storages are leaky and it is advisahle to line
R' the floor}é%i wallsien the inside mith stoutvroofing paper. Avoid fumigating

in windy weather.-

all storages is by spraylng

The best way to apply 11qu1d fumlgant to
the surface from the: outs1de of the bu11d1n‘ ‘with the aid of a st1rrup pump.
Some 11qu1d fumigants, such as chloroplc in, are supplled in one pound cans. In

. some appllcatlons it is convenieant-~to puncture the cans, invert them, and thrust

the opening about six inches below the surface; Aluminum phosphide .tablets have

2

also proved promlslng for the treatment of small storages.

Plles of gra1n, large or- small, may be treated by surface appllcatlon in
any of -the ways descélbed Gbove. However, only partial’ ki11S'may be expected
if the grain is not covered with'a gas-tight tarpaulln either before or

'1mmed1ate1y after the appllcatlon of the fumigant. _

v

Treatment of'localized ,areas in a grain mass is often a useful technique °~
D
fb(\deallng ﬁuth 1nc1p1ent 1nfestat10ns. These "spots" are usually recognlzed
and defined by a local rise in temperature Liquid type fumigants applied.

through tubes or aluminum phosphide tablets are the best materials to use.,

N

[N
¢y
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The application of fumigants'to!large masses of grain in varjous types of [
structures involves cons1derable amounts of fuﬂigants. Under 3hese conditions '
safety measures are of primeﬂimportance. Only fully train/d operators should
be entrusted with thesé; fumigations. The operators must be fully protected
at the time of application. This is especially iqportant when using liquid
fumigants. Proper ventilation of the working space where the materials are being
appliedlis necessary. Other-perSons working in the vicinity mugt be warned th§t
a fumigation is. in progress. . . . , o

. et

‘Soil Fumigation

. '

SOil fumigants are pestic1des which éxert their toxic. action as gases, ~
and are applied to 'soil for control of nematodes, fungi, weeds, insects or |
bacteria. Some are’ broad—spectrum materials that can be uséd for control of many
kinds of peésts, while otheps.are suitable only for control of a limited number
of types of pests.' Soil fumigants are usually formulated as gases or liquids, /
and the vast majority are halogenated hydrocarbons. Gaseous formulations are

: distributed_in pressurized cylinders,fand liquid'formulations in metal or plastic
_contailners. Granule or .gel formulations are available for: a limited umber of i
compounds. For optimal pest control soil fumigants must be applied under
spec1fic enVironmental conditions, and most are highly toxic to living plants.

:

-‘:These properties must be evaluated in detail in relation to each specific soil .

‘ S !

fumigation need. i . —_—

4

Environmental conditions: Soil for'fumigation should be in a "seed-bed"

a

condition. - It must be of uniform tilth, contain as little nondecomposed organic
matter as possible, and be of adequate soil moisture potential, but not wet. '

~ Soil temperature should be between 50° and 80 F.' If the soil is too cold, too
moist, not prepared properly, or contains too much nondecomposed organic matter,
the soil. fumigants will not diffuse properly and good p_st(control will not be,
obtained -If the soil is .too dry or the temperature too high the fumigant will
be released too rapidly, resulting in poor pest control. In Michigan, it is
“best to apply soil fumigants during the early part of fall. Long-range "
planning is necessary,for proper ‘use of soil fumigants. Because of the sorption
properties of organic (muck)’ soils in relation to the chmical properties of

soil fumigants, it is usually necessary to use twice the normal mineral soil - '
rate of the chemical for good pest control in these soils. '
‘ ‘ -
Q v
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. Fumigant and formulations: Methyl brbm1de7 chlorop1cr1n, and mixtures |

oﬁbthese two chemlcals are the most commonly used s01l fumlgants form&lated
as gases. These matérlals must be applied under a tarpaulin or plastic cover.
_They can be used on a broadcast, row,, or spec1f1c—s1te‘bas1s. These materials ~~
"are phytotoxic, must be applled on a preplant basis, and the soil must be aerated
prior to plantlng. Some plants are highly: sens1t1ve to brom1nated compounds

and such materials cannot even be used orni a preplant basrs in, cropp1ng syitems

1nclud1np3these plants. _ o R L ; ’ '/}’ - )
——~jl\§FD (1, 3-d1chloropene and 31mllar m1xtﬁres) EDB (ethylene d:b:omide), DBCP
(1, 2-d1bromo—3 chloropropane), and m1xtures of 1,3-D and chloropicrin'or- methyl
1sothlocyanate, or EDB and chlorop1cr1n are the most-- commonly used soil '
fumlgants formulated as lquldS- They must be injected to an appropr1ate s01l
depth (usually 6~8. 1nches, but &Ris can vary with the objectlve of the treatment).
lThe soil should be slightly - ‘sealed after appllcatlon. The mater1als can be
applled on’ a broadcast, row, or spec1f1c—s1te ba51s.' All of the compounds
'except DBCP are phytotoxlc and’ must be applled on a preplant basis:. . The soil.

N

ust be aerated prior to planting. With some crops, DBCP cah be applied/on an

at—p ant or postplant basis. Bmulsifible concentrate formulations of DBCP are
.avﬁll]ble and in spec1f1c cases the mater1al can be applied through 1rrlgatlon
water. Some plants are highly sens1t1ve to brom1nated compounds- and these .
materials cannot be used, even on a preplant basis, when these plants are used
in a cropp1ng ‘system. - . - "\\ P o T f 55

In some locatlons, DBCP can be obtalned in a granular formulatlon. Forvtjf\.
good pest control, it must be 1ncorporated or irrigated into the s01l .Gel
formulations of methyl brom1de and combinations with chlorop1cr1n are avallable.
These must be injected into the SOll and can be used without a tarpaulln or.
.plast1c cover. S0il fumigants are toxic chemicals and must ‘be used with the
safety precautlons outlined in the commodlty,vstructural and greenhouse

fumigation sections. ¢ o ' . - P




N . . . (.
. ' a

soil fumigation quipment. Equipment isg cgmmercially available for

" broadcast, row, and specific—site appl:.cation of gaseous, 1iqu1d and 'solid

formulations of soil fumigants. Application equi nt can be rented from

: fumigant distributors, drnid custom operators serv:.%n some geographical areas. '
.Many agricultural producers have successfully constructed theJ.r own soil “
fumigation equipment oil fumigants are corrosive chemicals, and fumigation
equipment should be Constructed out of appropriate materials.. Equipment must

" be cleaned with appropri solvents .unmediately after each use.

a
\

B
.
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‘ SELF—HELP QUESTIONS o .

Now that you have studied thls section, answer these questions. Write
the answers with a‘pencil without referring back to. the test. When you are -
' satisfied with your _answers, see' if you are correct by checking them  in_the
'tekt Erase your ansWer and’ wrlte in the correct answer if your first answer

is wrong. - T N [

1.,WWhat are some satisfactory lining materials for a permanent atmospherlc
- pressure fumlgatlon chamber? - . 4

/ 2. Where are air leaks most 11ke1y to\occur in an atmospheric pressure
fumlgatlon chamber? !

At
'

3. Wwhat should be used to.sealﬂwood_liners of .an atmospheric fumigation\sfimieriﬂv
\ N . A . . ]

4. what types of materlal can be used to make a tarpaulln fumlgatlon chamber?

A B

»

5. 'Where do the most serious 1osses occur, w1th a tarpaulln fumlgatxon chamber?

’

o

6. Why areé fumlgatlon dosages higher in tarpaulxn than ;n permanent fumigation
_chambers? - _ o -

‘v
) ' 5

e v

7. .What are the advantages of using a vacuum fumigation chamberx?

4 L <

8. Where should railway cars be_placed‘gor fumigation?

9. What is the maximum outside'wind.velocity for fumigation of a greenhouse?
. 5, .

. ’
.?"r-) i -

10. Do aerosols penetrate 1nto soil when used in greenhouses?

o » 4 . P ' g ( - ) ¢ . e
: e qi ‘ N e . :
11. Do sm°k§§ generally cause more plant injury than aerosols’ti; u¢reeﬁ%ouses?r-' —
C s . . . s :

-

12. How are fogs produced in greenhouses? ' ' .

v

-
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13.

14.

- 15%

le.

17.

18,

19.

. T R G C
* L A C . . ©
What safety eéﬁipment is needed when fumigating a greenhouse?

A ] . . i v
‘What are the three broad types of bulk grain storage units?

- .o

How are fumigants applied to bulk grains in the surface application method?
. .’k/ 'l-~ Y. - -
How .are "§Ep£§f in bulk grains recognized? .
i \- v
What Noil conditioné\are required for effective soil fumigation? 5

L e s
. v - . ) R
. . : (¢ AN .
Q . B Y ‘- .
- . . T
1 o -
: N A

L4 - ’

. . f " . Red . . o
How are liquid soil fumigants applied? ) .
o S 5 . - - .
What types of formulations' of soil fumigants arg available? . ‘
g . L .\\ 1 D S
6 N E
. i ~
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) =, - (
AN
H '
6. L . ¥



-

u.,‘-
7 ’

' . e, AR ,
. FUMIGATION PROCEDURES /"‘ . ﬁ

Gener{l Informatiqh . .
- ’L

_'This Section deals,w1th general fumlgatlon procedures whlch are essentlal
to the’safe, effectlve use ‘of . fumlgants. L ER /

-

' The use of fumigants is often regulated by local governments. ﬁeguiations

\.

are deslgned to protect the health of those applylng ‘the - fumtg\a ants and the
" public in generadl. Regardless of whether the treatments are made it permanent

7,
,1nstallatlons or are carried out once only 1n a partlcular place, -it is R

necessary that all regulatlons be observed. ~ o '
when conductlng a fumlgatlon) always:

l."Inspect the premlses and make sure the fumigatlon can be conducted ' o

#
ot -
'w1th0ut endangering anyone in the area. Post the ‘areaswith warhing . //
) . .
* . B . /,/

signs. . ' , . i .

!

+ 2. Select the fumlgant which is registered by the E.P.A. for the work involved.

oy

0rs properly circulate the gas.

¢

3. If the fumlgant of cholce has no natural warnlng agent propertles,

consider the use of a comblnatlon of fumigants to obtain such a warn ng

agent. However, do not violate the’ﬁ?s1due t lerances. oL 't .

4. Sseal the structure or commodlty effectlvely .

/_;1mportant part of any fumlgatlon and is the Xey to a succesfful fumigation.

BricKlor cement bulldlngs in good repair can usually be,fumlgated by |

seallng all external openlngs. Doors and w1ndows should be firmly closed

©

~and taped or caulked REMEM?EE})fumlgatlon may be successfully carrie

out in any structure that can be made gas tight for the length ‘of time

requlred - .
i w

5. Place the -injection’ equlpment in such a manner as to assure 1n1t1al ‘

e

S o T -

distribution of thelgas. : i .

6. If c1rculat1ng fans are to be used, Place them in a manner. whlch w1ll(
'\l ’ 2

-

7. ’Calculate the dosage. All dosage recommendations are made on the baSlS

L
of volume (cubic content) of the structure or bushels or tons of gra1ns
and(other Eé%hodltles. For regularly shaped square or‘;ectangular L
N N o iy -
: . . = K . =

o | 4 ~ |

;lf)




a

8. Introduce the fumig slng ‘fans and heat1ngsapparatus 1f warr

If practacal,»only a fractlon of the fumlgant should be’ applled. Tast

for leahage u51ng approved detectors and correct leaks 1f dlscovereq,

-~ Then 1ntroduce the remaining fumlgant

9. (ﬂProtect the»fumlgatlon during the exposure period.  No unauthorized N .

Ehrsonnel should be allowed in the. fumlgatlon 51te. Periodically check

\\st\\cture for leaks. . . - O ' ' '

10. After the exposiure: perhod 1s cpmpleted ‘the structure should be aerated-

' open as many doors and 1ndows as’ p0551ble.‘ Ventllators and c1rculat1ng -
! . . . - \ . N . . '
fans should be used to aid.in withdrawing the fghlgant. “As soon as the~

steps for initial venting are taken,'the'fumigators should withdraw
<.
from the 1mmed1ate v1c1n1ty of the fumlgated structure and wa1t 30
h minutes .before re-enterlng. Chéck for presence of. fumlgant and cont1nue

-

‘aeration procedures untll the structure is free of\gas.

.
- ‘ s . : .
A\ . : .
\ : - .
i < - -
) " T . Tt .

Loading of Chambers

»

‘. The way commodltles a{f loaded in a, chamber'has an effect on fumigation

‘ eff1c1ency that should .be' known by all operators.' If fumigation enclosfires

'!

4/are loaded with, ommodltles that. ociv?y about 3/4 the capac1ty of the R

‘fumigants have ess tendency to stratify or escape from the chamber than they

do- 1f exce551ve ree air space surrounds the “load. For)example, 1f a_fumidant

has been properly applled in a normal chamber load ofﬁ;;aft, the gas Wlll comgi\;'
in, contact with all of the fru1t almost 1mmed1ately and w1ll penetrate at a

rapld rate. Air space between the fruit and the conta;nen& would tend to hold
gas-charged air until lethal dosages of gas had Keen taken up by the.érult.f
Absorbed gas would_remain in the fruit even though the chamber had air "leaks.

C . .
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p1ece of harvestlng machinery were treated in a similar

4

: -If by comparlson, )

chamber, practlcall no fumlgant could -be abé;rbed by -the metal. . All wall

' space 1n the chamber would be exposed to the c1rculated air and the gas would

% \ )
. escape rapzdly through any opening which might exist in the chamber. Fumigation

of mechanlcal equ1 ent can be made more effectlve by plac1ng a small blower on

s

Iy

the floor and directing the outlet air toward ‘the h1ghest portion.of the . ~\
machlne. ' . 'h S : ' - . "\' o
. . . ) » . ) P ‘\
A free air space ghould be left over all commodltles. _The amount of space h

" will be determined ‘y the size ofs the chamber. " The table below should b

by - \ ', r ] »’ . .
: oo | , a"f’" \%
Size of Cﬂhmber A Amqunt\of\ﬁfadspace// ' o
: up to 2,000 cu. ti _oAxdn. o /7 s
a b} . | o
2,000 to 8,000 cu. i{: 20 M\ .
- 8,000 and .above ’ '

s In discussing the loadin K?f'chamber; the texgs "

loading"” are used to express bulk of commodities and not

verloading" and "under-

eight. Air circulation.

. ound and through'commoditiesAbeing'fumigated ié:yery essential. Space must
ex}st above the top of the load in order that air and'gas may be properly mixed
‘and c¢i culated as . “the fumlgant is be1ng 1ntroduced If éir space in that area

<\i§\llmlte

ductory per'o

as concentratlons will become excess1vely h1gh dur1ng the intro-

Much of 1t may be absorbed by commoditles 1n the upper portlons

.

Of the load before dequate a1r ‘movement can distribute it throughout the.

chamben. Space must ke 1ded beneath the load 1n order that air c1rculat10n

blowers may recover air as rapldly it ‘is dlscharged Overloadlng of chambers

restr1cts and retards gas sttrlbutlon d results in uneven concentratlons of\

gas, 1ncomplete kill of 1nsects, and increased 1n3ury to susceptrble commodltles.

Stratlflcatlon of gas, will not occur during umlgatlon rf (l) it is

opérly\lntroduced over theéload (2) proper type fars are used, and (3) =

prov131ons are made for the air and gasgto c1rculate throughout the load.

/
The nature of commodlties sﬁould be ‘taken into consideration in arranging

loﬁés for fumlgatlon. Dry, porous conmodities such as hay, staw, corncobs,
or s1m11ar products should be loaded 1n such a manner thaf a few 1nches of

. spag¢e are provided between the load and the—51de walls of the chamber. Also,'
[] . - . .-) . » hd

¥ o ‘ . -
. . . ) N ,
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A
they should be loa}ed whenever posslble to prov1de space between tiers of'

bags, bales, etc. Produchs . that do not- absorb gas rap1dly and . that aPlow

sufficient space between 1nd1v1dual 1tems to permit air to move downward

freely may be placed d1rectly aga1nst the walls of the chamber. c
5 A certa1n amQunt of the fumlgant is absorbed by pract1cally all treated ’
commodities. ff chambers are overloaded w1th dry, “sorptive commodlg/es, the
1

concentratlon of gas when first applled will become very h1gh\1n imited

air space. nghly sorptive commodltles wlll consume gas rapidly.

Fumlgatlon chambers that are only part1ally loaded present problems wh1ch
in some respects may' be more hazardous than those in overloaded ones. In the '
- first ] ey the r c1rculatory systems designed’ to move air in loaded
chambers cannot fgiltlon properly\gn empty or partially lpaded ones. In loaded’
chambers, the air is forced outward above the top of“the load and must- be _
recovered by blowers after it has passed around and through the load. 1If the .
bulk of the load.is. 1nsuff1c1ent to cause the air to\travel in ‘that manner, 1t'
will follow the course of least res1stance.' Properly 1nstalled air c1rculatlon
h.unlts should d1req; dlscharged a1r along the celllng and aga1nst the oppos1te
end. of the enclosure. Intake\air should be recovered from beneath false floors.
If.the load is 1nsuff1c1ent to partially restrlct air movement begween dis-
charged air and recovery air, the course of c1rculatlon will become tr1angular in
shape. Tﬂat is, it ‘will follow a stralght llne from the blower to the opposlte
end of the chamber and return directly to the bottom of ‘the chamber. eneath the
blow © In sﬂch 1nstances, partlai loads wlll rece1ve an unnecessary amount of

gas 1n the llmlted areas through wh1ch .the air passes "and not enough gas else-

)

where in the chamber.

“ -

°

"'The d1str1butlon of gas in underloaded chambers can be controlled by -

arranglng loads accord1ng to ‘the nature of the commodltles 1nv§lved.v Properly
\'

placed loads can be made to prov1de effect1ve 1nsect klll and en;out the

amount of gasfabsorbed by_the individual 1tems that,comppse the load. If ‘the

«~commodities are closely packaged or. packed 'in square containers, they may
i - - N 4"
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be arranged to cover the entlre.surface of the- false floor in such a.manner
’ .
’that the movement of air through(them is restrlcted. Suff1c1ent air restrlction_

will cause the blower to draw intake a1r through all portlons of the load. ‘If .

the load 1s composed of commodities: or conta1ners that offer llttle reslstance

to air movement it should be concentfated in the portlon of the enclosure

:_nearest to the” a1r clrcﬁlatlon .unit. The unoccupled portion of the false floor

" should be covered with pdper, plastlc sheeting, or other air- res1stant materlal.,

In such an arrangement, all blower 1ntake air must pass through the load and

ar
3

\

ERIC
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- they be mlxed\w1th the a1r and clrculated in such a manner that the gas 'will

Tall of the commodities w1ll be exposed to the gas. o R

cee I,

Regulatory fumlgatlon schedules were’ %eslgned for use in fully loaded

chambers. Resldue tolerances set by. the Environmental Protectlon Agency are

’ governed to some: extent by the amount of resldue that accumulates 1n food or

feed products when fumlgated w1th minimum dosages requlred to klll varbous regu—
lated 1nsects. When normal dosages of fumigants are used- to treat part1al loads,
‘residues ln the commodltles w1ll increase”’ and,perlshable commodltles w1ll

~

become more subject to 1njury. For these reasons, approprlate size: chambers

,should be used whenever poss1ble or empty crates or other objects should be

AN -

added to simulate nermal loads. A T e :)V..f.

| \ . , . / . ) . ) . e
Facts About Air Movement . L, I ST

‘ } ‘.
¢ o -

o

. Most fumlgants in use prlor to the development of methyl bromlde and’ other
modern fumlgants were applled w1thout air c1rculdtlon It w&s not necessary.
when sulphur’ dloxlde smoke was used. as” the heat generated by burn1ng sulphur

caused sufflélent air movement to d1str1bute the gas ‘among the products under.
treatment - - ' - SR S o= R

s < P s , Lo
: { The modern fumlgants used ‘to treat commodltles def1n1tely requlre air T
circulatlon. In .order to prevent pOsslble injury to commod1t1es and to comply
with tolerances fixed by‘EPA, only the minimum dosage necessary shquld be used

The welght of the gases and their penetrat1ng abllltles make it:imperative that

‘come 1n cont t 9u1ckly w1th all of the commodltles in the load. wlthout ‘

. -

adéquate alr c1rculatlon, eXposed commodltles,would trap and hpld excesslve

-

quantities of the qaszand there s1mply would not be enough to go around

3
.
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Varlous types of air movement equlpment may- be used to c1rculate a1r and : _{‘

. gas in fumlgatlon chambers.- Satlsfactory air clrculatlon does not depend

LY

entxrely on what 1s used to c1rculate ‘the a1r but_more onohow it 1s used. .f.,”_
Forﬂexample, 12 or 14- lnch bladé’office—type electrlc fa;s may be used -
.satlsfactorlly under some c1rcumstances. Such fans are adequate to prevent

gas strat1f1catlon when’ fumlgatlng such items as farm machlnery. They may be.
_used, also, in small chambers loaded wuth loosely packed commod1t1es, prov1ded

: tha wall of the chamber opposlte the fan 1s close enough for a1r~to strike 1t

' wrth suff1c1ent force to cause ‘a rebound _ Small blade type fans are not .f..°,
sat1sfactory if chambers are loaded wrth t1ghtly packed commodltles or 1f the , ‘
chaniber. is so large that the a1r loses 1ts veloc1ty before it reaches the']
oppos1te wall It should be borne 1n.m1nd that fans were des1gned to stlr ‘up ’

uu
a1r, blowers were de51gned to move 1t from one place to another. Unless"small',

blade-type fans are housed and pr%ylded Wlth a1r-1ntake ducts, they recover only
RA .
the air that surrounds themh Such movement of fumlgants Wlll result in over-

? dosages 1n the area affected by. the“fan and underdosages elsewhere in the e
' ! Y . . . 2 4 : :
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'F When fumlgatlng soil 1n bins- or in the fleld alr movement must be retarded

for effectlve fumlgatlon Thls can be done ih several ways. After the fumlgant

&>

. is 1njected into the s01l the surface can be packed to prevent aeratlon.;:ﬁ;

-~ g

l‘more effectlve seal can be made by soaklng the soil .surface with water. Another

Ly

"eff1C1ent method of sealang the s01l sufface is- to cover 1t Wlth polyethylene,'g
fllm.. The s01l type and condltlonvand the fumlgant used W1ll determlne the -

best method of seallng ‘the surface._f: _ ih?ﬁi\ Lo . Poae T
RO : . Y SR ¢ o o =
B FCI i ae R . :

‘.Facts About Air Clrculatﬂon Equ bment = T ) L A

~
s,
-

lowers with electrlckmotors or gasollne englnes are superlor

V. v .
for c1rculat1ng air 1n ﬁumlgatlon chambers.. There are / ’

s -

;zes of blowersw In general the pr1nc1ple upon whlch they

%S(Iulrrel cage
fb Blfde type fan;

R varIZus types -and

opera;e is. much the same. A seiles of parallel, concave vanes are used to o .

RS

propel a1r. They are enclosed in- such a manner that the a1r°they plck up can
only;be expelled through*an openlng provlded for the purpose. Inqpmlng alr A
1s channeled through a flxed openlng bAlr pass1ng through the blower 1s' T

partxally compressed and expelled w;th‘conslderable fbrce. The air that A
‘b"'l‘l..,v-" ' ' “‘ M - ‘ ‘ : . v “ ! ’
AR . ' : : . : : > ¥
L ﬁﬂ.xb . '-‘L* ! - . . : !
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supplies the blower is drawn in rapidly Blowers must be mounted so that the
-air is. d1schargéd above the top of the load. A duct should,be attached to the-

) blower 1n ‘such a manper/that 1ntake air must originate from beneath the loads.
It is p0s51ble to v1sua11ze the manner in which blowers move air in and around
commodltles by~ reaﬂtz1ng that the discharged air overfllls the air space a ve-
the load and 1is forced to go dawnward, wherever posslble, through the load.

The resultant push-and-pull effect causes air to move constantly through evgn

closely packed commodities.

In select1ng blowers for fumlgatlon chambers, it is 1mportant to consider

’first the fumlgant to be used When us&ng—methyl brogide, blowers with a. rated
f cubic foot per’ minute output sufficient ty recirculaﬂz the number of cubic feet
of air in the chamber about every four or f1ve minutes may be used. If
ethylene dfbromi&% is to be msed mere powerful blowers will be necessary o
- because the air in the chamber must be rec1rculated at least every two mlnubes
Blowers should be mounted near the ceiling on the back walls of the chamber
%M/when er poSslble, although ‘they may be mounted outside with air .intake. and
"outleét. ducts enter1ng the chamber near the floor and the ceiling.  If blowers/
are mounted outslde, it 1s extremely necessary that the duct work be perfec?{”\\
tight; if not, outslde a1r will be drawn -in before it reaches the bloqpr, or .

“air will be blown out between the bloweq,and the\chambe

Sometlm “ah F. .M.C. system)/whlch ‘has a blower mounéed beneath the false
‘flppr near th ,center of the room, 1s used. Af& “is discharged through. an
ffﬁuprlght air tube agalnst the t1p of an - 1nverted cone or defZector which is :
- mounted on the ceiling. ‘The a1r spreads 1n all directions and is recovered
from the. p1t~prov1ded Between solid floor and the false floor-.. ¢h1s un;t
is_ highly satlsfactofy 1nasmuch ‘as\it «-not only*c1rculates the air properly
\gleakage. S
e .

but also ellmlnates poss1ble chamb

“If tall graln elevators réqu1re fumlgatlon, a c1rculat10n system should be.

-installed. Generally, a closed system 1s required unlesi\::e entire structure

is fum1gated at one time. These systems must be designed they will be

&
f

adequate for the size of storage and the- commodlty stored (example: for
wheat, .025 cub1c feet of air per minute per bushel should be circulated).
Circulation systems for large elevators should be designed. for eachvestab11Shment.

. . : . ¥ . e - oL
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Aerating Fumigation Chambers

Free gas should be released and commodities derated immediately following
7fumigation1 It is-important to consider and protect human health at all times.
When a fumigation chamber is~inside & packing hquse or ary other enclosure
- \where workmen are likely to be present, intake and exhaust stacks should}be'
' )provided._ The exhaust stack must lead outside the building. The-intake:and e
exhaust stacks: should be opened after -the fumigation exposure is completed
'The normal air c1rculation equipmegnt in a chamber can be made to cbnduct air
from -the chamber to' the outside. When a chamber is outside - a building, it may
- be aerated: safely by opening the door slightly at the beginning of the aeratlon
period and turning theiblower on. The door should be held in the partially
open position so. it cannot acc1dentaily close. Air d1scharged ‘from the blower .
shoudd be vented- to the. outside of the chamber. If the door._should accidentally -
close, the partial vacuum created by the blower may damage the chamber. No one
should remain near the door or the exhaust when' the blower is turned on.. The
doors“may be fully opened after -about lglminutes, but workmen should not enter "0
the chamberutmtil it has been aerated for - at least 30 minutes and checked with - '

.

a halide detector.

) When aerat1ng loads under tarps, in buildings, or on still humid days, an : T
opening should be made by lifting the tarp on the end opposxte the blower and .
d1scharg1ng the fumigant with the. blower through an open1ng near the blower:

If they are- aerated in the- open and a breeze is blow1ng, the end‘bsmsade of the -
tarp opposite the drrection of wind movement should be lifted first then . the p
portlon of the tarp on the windward side may be opened safely. If the first ;
opening is made on the w1ndward side, concentrated gas will be forced backward

and may endanger operators. Occupants, other than fum1gatlon operators, should

vacate bulldings befOre tarps age aerated. o q .

.
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SELF—HELP QUESTIONS

~

Now that you have St\Sled thlS sectlon, answer these questions. Write
" the answers with a pencil without referrlng back to the text. When you are
satisfied with your answers, see -if you are correct by checklng them in the
text. Erase your ahswer and wr1te in' the coqrect answer if your first 'Kb

~{ answer 1s wrong. - .
: : . : N

1. How is the volume of a structure with a peaked roof computed for a fumlgatlon
operatlon?\
D

« v B

2. How much time should elapse between aerat1ng a fumigated structure and entry
of personnel -into the structure? o .

BN N "\.J’L - %\ .
3. Why-should headspace be left above the commodlt% being fumlgated in a

chambe ? . : . o . .

’ .
N »
h

' . e T o
‘4. What are some of the difficulties in properly fumigating underloaded chambers?.
' ] . N . . “ .

N - ) .. R . -
5. Why should fumigation chambers be equipped with means cfvcircu;ating air?

-

- 6. How can air movement be retarded in soil that is being fumigated? T .
+ \ : S,

7. Where should.an air blower~aischarge its air within a fumigation chamber?

.

8. How does the FMC blower system work? o . ' —

é. How should a fumlgatlon chamber be aerated if it is 1ocated 1nslde ‘a

tg\ building? -K\ .
.. ' e ' * 4
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