
This publication contains pesticide recommendations based

on research and pesticide regulations. Howevel, changes in
pesticide regulations occur constantly. Some pesticides men-

tioned may no longer be available, and some uses may no
longer be legal. If you have questions about the legality
and/or registration status for using pesticides, contact your
county Cooperative Extension Service office.

To protect yourself and others and the environment, always
read the label before applying any pesticide.



Important notice to users of this study manual:

Certification exam questions for all fumigation standards include information found in this
manual. Study the ippropriate sections of this manual and any other manual required for
the standard in which you wish to become certified. See below.
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Structural Fumigation

Commodity (grain) Fumigation

Soit Fumigation

Greenhouse Fumigation

Study pages 1-30 of this manual.

Study pages 1-30 and 35-38 of this manual
AND the entire E-2036, Stored Grain Pest
Management manual.

Study pages 1-18 and26-34 of this manual
AND the entire E-2042, Soil Fumigation
Pesticide Applicator Training Manual.

Study pages 1-18 and26-34 of this manual
AND the entire E-2042, Soil Fumigation
Pesticide Applicator Training Manual.
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Preface

This bulletin is intended to asslst users of fumlgant pesticides pre-
pare for certification under the Michigan Pesriclde Control Act of L976.
Ttre manual $/as prepared by: Mr. R. L. Moore, Animal and Plant Healch Inspection
Service, United States Department of Agriculture; Mr. R. L. Mesecher, planr
Industry Divislon, Michigan Department of Agriculture; and Drs. G. Bird and
R. F. Ruppel, and M,s. A. Brown, Departuent of Entomology, l,lichlgan Stare
University.

A list of self-help questlons and instructj-ons for completing rhe
questions are at the end of each section. If you encounter difficulties in
using the mrnual, please consult your county agricultural extension agent or a
rePresentative of the Plant Industry Dlvision of Michigan Department of
Agrlculture for assistance.

Some suggestions on studying the manual are:

l. Find a place and tlme for study where you w111 not be disrurbed.

2. Reread the enti.re mrnua'l through once to understand the scope and form
of presentation of Ehe naterlal.

3. Then study one section of the rnanual at a Eime. You may want to underline
the important points ln the manual or cake wrltten notes as you study Ehe
sectlon.

4. Answer, in wrlting, t,he self-help questj.ons 'at the end of each section.
Instructions on how to use the self-help questions in your study are
included with the questlons. TLrese questions are intended to aid in
your study and to help you evaluate your knowledge of the subject. As
such, they are an inportant part of your study.

5. Reread the entire manual once again when you have finished studylng al1
of its sectlons. Review wi.th care any sections that you feel you Jq not
fully understand.

This m:nual is inEended to help you use pesti.eides effectively and safely
when Ehey are needed. We hope Ehat you will revlew lt occaslonally Eo keep themeterial fresh in your ndnd.
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GENEML US]l OF FIIMIGNTS

Fumigation is Ehe distributing of a chemical pesticide as a gas through
spaces and materials. Because gas molecules exist separately and independently,
they spread widely into small cracks and crevices and, penetrate into Eightly
packed materials. Ttre term "space fuurigation" designates generally a wide
range of treatments in enilosed spaces whlch either contain infested maEerials
or themselves have residual j-nsect populations. This spreading of individual
molecules differentiates frrmigsngs from aerosols such as smokes, fogs or mists.
The aerosols are discharged as very fine particles which remain suspended in
the alr long enough to be distributed. Aerosols are unable to penetrate even
small distances into materials. For aerosols to be effective, the pest must
be exposed or easily reached.

A11 fr:mlgatj-ons should be under the supervision of an individual who knows
the nature of the chemical belng used and its hazards. A11 ef f ective f r:migants
are potentially dangerous to plant, ani-mal, and hr:man life and should be handled
with due care and judgment.

Funlgants offer the following advantages over other pesticides:

Most fr:migants comtqonly used are toxj.c Eo all animal pests, insects,
spiders, mites and rodents.

2. The use of f '-i-gants is usually Ehe quickest method of controlllng pests

3. Fumigants will usually reach pests where sprays, powders or dusts cannot
be applied.

Some fumlgants can be used Eo kill pests in or near food, leaving no harm-
ful residues, whereas other pesticldes may contaminate or taint food.

In specific sj-tuations, fr:migants may be less expenslve than repeated
treatments by sprays or dusts.

Some disadvantages of f:migants are:

Most funigants are very toxic to man

Funigancs leave no residual pest control after aeration.

More specialLzed protective equipment, such as gas masks, gds leak
detect,ors, eEc. are required.

The application of fr:migants requires more technical skil1 .

The labor involved may make the cost high.

l"lore application and operacional equipment may be needed.

5.

l.

)

3.

t-



2

Ttre Ll,se of fumigants ruly cause inconvenience to people who live or work
in the bu11ding.

Uore than one cechnlcian nusc always be presenc in any fumigaEion
operaclon. .

9. Some fruigants are expensive, corrosive, oF may leave residues

10. special permlts or llcenses are required in nany areas.

NAfI,]RE AT.ID EFFECTS OF IITN,TIGANTS

How Fumlgants K:ill Pes ts

It has been very difficulc Eo d,eterrrine exactly how fumi.gants arfecc
insects. Sclentiscs have explored the question for rnany years but are not
in comPlete agreeoent as to just how different fumlgants cause death. In
general, fr.rmlgants reach the Elssues of insects Ehrough Lhe respiratory sysEem.
Ttre highest percentage of k111 is caused by the entrance of Ehe fgmlganr inro
the cells. In most l,usec:s, otrygen is taken lnto the body Ehrough the spiracles.
Once instde the body' o:rygen and Ehe acconpanytng fr:nlgant are dj.ffused Ehrough
the thln cell walls. Insplratory trovement of che insectts abdomen and, thorax
acts Eo asslst dlffusion. Ttre matter of diffusion has a practical bearlng upon
comnodity fumlgatlon. Insects are most active during period,s of opt].mr:n
Eemperatures as they breathe norrnally and, therefore, absorb more fr-tstiganE chan
chey do durtng cold, lnactive periods. This plus the fact that aE Ehe lower
Eemperatures gas ls less actlve ls one of the reasons that higher dosages of
fr.rulgants nust be rrsed as temperature d,ecreases Eo compensate f or inactlon o f
Ehe lnsect. A certaln:rnount of gas will encer the cells of inactlve insecEs,
but high concentratlons are requlred to diffuse into Ehe ce1ls and kifl rhe pescs

Some fr:mlgants.appear Eo k111 insects by preventing Ehe assinj.laEion of
o:rygen ln Ehe cells. Others tray k111 by mechanically prevenEing ox,vgen from
reaching che lnsect" Methyl bromide and ethylene dibronide appear Eo kill bv
affectlng Ehe enzJrmes in some lday which prevents Eissues from uni.ting wirh
o:cygen.

t{hen fr:nigatlng, lethal fr-ues are released within an enclosure. The
Person applylng Ehe frrrnigatioo creatnent cannot see and, in some cases, cannoc
smell che fumes. The pests which he seeks to kill may be hidden aq/ay in che
heart of a grapefrult or a bale of hay, buc che invisible fr-rmes must be capable
of killlng them regardless of Ehe stage of development or where Ehey are locared.
Therefore, funigacion operators need co know the potential of fgmigancs anci how
to apply them properly.

The uPSt iuportant envtronmental factor influencing the acEion of fumigancs
on insects is EemPerature. In the range of norual fr:nigacing Eemperacures
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fron l0oc, to 35oc. (50oF to 95or;, the concentr.arion of the fumi.gant required
to kill a given stage of an lnsect species decreases wlth the rtse in tenperature.
FroD the purely biological standpolnt thls is rnalnly due to rhe lncreased raEe
of netabollsn of the lnsectrs response to lhe rise i,n tempelature. AIso,
physical absorption of the funlgant by the naterlal contalning the tnsects is
reduced and proportionately nore fuElgant ls avalIable to attack the insects.

Nature of Furoigan ls-General

Fueigants are used in various fo rns and dosages according co the nature of
the corEoodities and pests l"nvolved. Certain generallzati-ons may be llade
pertaining to killing lnsect pests in comoditles. lhe state of development and
activlty of fhe target pest ls inportant. Active adults nornally are eas j.er to
ki1l than inactive or hibernating adults. Imatule stages of lnsects generally
require higher dosagea or longe! exposure for complete mortallty than do actlve
adults. Ttre anormt of free alr space compared to lhe slze of the load, the
porosity of the load, the kind of naterlal, and the locatlon of lhe pesr ln rhe
load all affect che dosage and exposure period. Flnely ground naterlals, such
as alfalfa and cottonseed neal, have a large surface area and are nore sorptive
than hrhole graln or inert lteDs such as scrap iron.

At lower temperatures higher dosages are required to insure that lethal
amounts reach the center of the load or the lnterior portions of fruLts and
vegetables.

Testd ln recent years lndicate that residues resulting from methyl
bromide fum'igaEl-on are lower when temperatures are low. Tlris is Erue even
ehough Ehe concentratlon and exposure are greater at these temperatures.

Ttre .Pr"aeactr geharior o

Insects that have been fr:mlgated wlth nethyl bronide or ethylene dlbroride
die slouly. Death occurs ouch Ere qulckly at hLgher tenperatures than at 1ow
tenperatures, Teoperature delerElnes the Eolecular rate of actlvlty of chemical.
At higher lemperatures, the fu8igant dlsperses Dore rapidly, thereby getring to
the pest oore qulckly.

Treated lnsects day soon becooe unable to walk or fly in a noraal Danner.
They usually coEe to rest on thelr baeks and evenEually are unable to recover
froE that posltlon; however, chey Day roove their head, legs, or antennae for
several days before death flnally occurs. rt should be noted that sooe funlgants,
such as carbon dlsulphide and cyenlde, at sublethal concentrations roey
anesthetlze insects so thaE they appear to be dead shortly after funigation only
to revive and coniinue a no roaL llfe. It has been obserwed that decomposition
sometines occurs Ln the abdoEbal segEents before the insect actually dies.
rnsect actlviry, when observed shortly after exposure to slow-kllllng furnigants,
such as Dethyl broElde and ethylene dibromide, nay be dlsappoinling to
inexperienced persons. The effect on iniects that have been exposed to lethal
dosages of these gases ls accuoulatlve and regaldless of how long it takes to
ki11 theE Ehey never recover.
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MODERN FUMIGAI{TS

Tlrere are trry chemical cotrpound,s which are volati.le aE ordinary Eempera-
Eures and sufficiently Eoxlc Eo fa11 within rhe definition of fr:migancs. In
actual practice, however' most gases have been ellminated on account of un-
favorable ProPertles, Ehe uost lnrportaut being chemical instabilicy and, d,es-
cructive effects on mrterlals. Danage to materials rnay take place in several
ways r €ls follows:

l. Excessively corroslve conpor:nds attack shlpping containers or
spoil the structure and fittings of fr:mlgation chambers or of ocher
spaces r:ndergoing treatment.

2. Reactlve chstr{cals foru irreversi-ble compounds which remain as
undesirable residues in products. In foodstuffs such reactions may
lead co Ealnt or the fornatlon of poisonorrs residues. Other maEerials
r[ay be rendered unflt by visible stai,nl.ng or by the productlon of
unpleasant odors.

3. Physlologically active compounde tray destroy or greatly injure grow-
ing plants, fruit or vegetables, and nay adversely affeet Ehe
germlnatlon of seeds.

IIighIy flamable compounds are not necessarily exclud,ed if dangers of fire
and e:cplosi,on can be controlled by che addition of other suitable compounds, or
Lf. fr:mi.gation procedures are carefully destgned to eliminate these hazards.
Toxlcity to human bei.ngs is not usually a cause for exclusion. All known
frrnigants are coxlc to man Eo a greater or lesser degree, and ways can be
derrised for chej.r safe handling under Ehe required conditions of applicaEion.

Table l, whlch lists the linited number of insecticidal fumigants in
use today, demonstrates the severity of the prr:ning process applied to gaseous
chernicals before Ehey are adopted for practical use as fumiganes. Ic will be
noted from this table that rnary of the funigants listed do, in fact, exlribit one
or urcre of Ehe undeslrable properties discussed above. Thls facE shows thar Ehe
"ideal" fumlgant has not as yet been found, and lt is quite probable chat ie
never will be. Nevertheless, these ft"oigants are hlghly useful in Cheir owrr
parti.cular spheres of appllcation.

PRECAUTIONS T0 FOLLOW I^HEN US ING FIIMIGANTS

Preliminarv Flanninq

A. Become fully acquainted with site and cor"nodity to be fr:migaEed,,
lncluding:
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l. General layout of structure, connecting structures,
adjacent structures, and escape route, above and below ground.

a. Check over equj-pment co lnsure that product f low has
ceased and that equipment has been made as tight as
pracEicable to prevenL drafts and/or leakage from it.

b. Check all spouts, conveyors, conduits, heat pipes or other
possible openlngs leading from area to be fuurigated.

2. Determj-ne Ehe number and identif ication of persons who routinely
enter Ehe area to be fumigated, and the proximity of other
persons and ahirnals.

3. The speclf ic cornrrodlty and its mode of storage and conditj.on.

4 . The previous treatment history of the eoururodity, lf avallable.

5. Accessiblllty of utllity service eonnections.

6. Nearest telephone or other communication facility.

7, Emergency shut-off statlons for electricity, water, Bas, etc.

8. Ascertain and post current emergency telephone numbers, i.€.,
fire, police, hospltal, physician.

B. Select a fumigant or combination of fumigants, registered by EPA
for the work involved.

i. Make sure the chemical or chemicals selected will not result in
residues thaE may be illegal under Sections 408 and 409 of Ehe
Federal Food, Drug and Cosmetic Act.

2. check, mark and prepare the points of application.

C. Study directlons, warnings, antidotes, etc.r or the label and
on the manufacturerrs instruction manual.

D. Notify local fire and police authoritles and other security personnel
as Eo locaEion, the chemicals to be used, proposed date and the time
of use, tyPe of gas mask and canlster requi.red, and fire hazard rating.

E. Make certain that local nedical organizatlons are informed of your
furnigation practj-ces and Ehe specific materials in use.

F. Provide authorities with pertinent safety literature on the materials
Eo be enployed.

G. Arrange for standby equipment, replacement parts and alternate plan
of action.

r
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lI. Inform all enployees of the operatlonal schedule, potentlal hazards
co llfe and property, and the requlred safety ureasures and euergency
procedures.

I. Prepare waralngs signs for postlng Ereated areas, provide for securiEy
o f bui,ldlngs , and arrange f or waEchmen when requlred "

J. Eave avallable flrst ald equlpnent and antidotes where appli.cable.

K. Plan for appllcatlon from outside the seructure whenever possible.

L . Plan for ventilatlng the treated space and cot@ dlt j-es when rhe
requlred qrposure ls terainaEed. Do this before Ereatment is started.

M. Areas r:sed for storage of fr:ulgant che'n{ cals should be properly
ldenclfled and provlde the conditlons requlred by the oanufacturers'
directions.

N. Make sure chat there are no open fi.res, urotors, etc., that eould spark,
or hot surfaces, such as heat pipes and electrl-e ftxtures, within t,he
space Eo be fumigated.

O. Provlde faue for dlstrlbutlon of Ehe fumlgant where applicable.

P. Provlde gas sampllng and/or detectlon devlces.

Q. Make a flnal check to clear all personnel and anj.mnls from che space Eo

be e:rposed Eo Ehe fr:niganc.

Personnel

A. Asslgn at least Elro persons to each fr:migacion.

B. In clrcr.rmstances where entry lnto a fr:nigated area is essential ,
use a buddy system of Elro persons (not three).

C. Eruployees actlvely taklng part in a frrrni gatior should be in good
physlcal condlEion, aud:

1. Should have physical exaninations aE least annually anci rnore
often as condltlons requlre, and employee healch records
should be naintaiued current.

2. Should abstain from alcohollc beverages for 24 hours prior Eo and
24 hours af ter a fr:migacion joo.

3. Employees harring colds or other condicions which impai.r breathing
should not partlclpate.

4. Employees r-rndergoing nedical or dental EreaEment should noE
partlclpate trnless speclflcally authorized Eo do so by a physicj.an.



'v

D. Al1 operati.ng personnel shorrld be instructed in firsc aid and other. emerBency procedures, inclucling persona.l decon tamlna t ion.

E. The use of specific anEidot(.s or flrst aid slrould be understood
by operating personnel.

F. All accidents should be rep()rted j-mrediaEely Eo employer of supervisor.
Personnel handling fr,rmigants should be cautioned to report all
indications of illness or physical discoafort regardless of their
apparent Einor nature, These rnay include but not be restricted to
any or all of the following: dizziness, diarrhea, nausea, headaches,
and lack of coordination.

G, Instruct all operatLng personnel in the hazards Ehat may be edcountered
in the misuse of the chemicals selected and ln the selectlon; operation,
and eaintenance of all protective devices or procedures required.

Pro tective Equipment

. The equipment reconrmended i.n this section is !o be employed to prevent
lose or injury to life. The recomtrendations of the fuligan! rnanufacturer
concefning specific pratective equipment and clothing should be rigorously
observed. The linitatlons on oper€tion conditlons and performance of protective
devlces should be trnderstood and oLserved.

A. l^Ilnen Possible, arrange for two-way radio communicaEion
among employees applylng fumiganCs or, in emergencies, entering
treated areas.

B. A11 protective equipment should be stored so as Eo insure maximum
life of the device and be readily accessible to employees ac all times.

C, Self-contained oxygen supply breathing apparaEus is preferable in
certain situations. It does noE prevenE sorpEion through Ehe skin..

D. Canister-type gas masks should be provided wiEh a supersize canister
and with a canisEer morrnEed as appropriate to t,he gas mask.

E. Canj.ster-type gas rnasks:

l. Are ineffective when breathable oxygen is too low.
2. Do noE prevent sorption through the skin.
3. Will not reulove toxic gases if the concentration ls above

the level sEated on the canister.
4. Require different types of canislers for different toxic gases.

5. Operatlng condiEions llsted for a canister apply to fresh canisEers
only

6. used canisters should be mutilated Eo prevent reuse.
7. CanisEers should be used one Eine only.

r



i1

D. Personnel applying fumiganE:i .should not enter i.nEo itreas wlrr,rc
fumigant gas or vapor is being discharged except irr extre,,re em€,rgencies.

E. Take into .consideraEion prevailing wind and o ther weaEher f .rctt)r-s.

F. Post warning signs.

G. Provide watchmen where required or necessary.

Pos tapplication Operations

A. Provide watchmen where required or necessary.

B. Ventilate and aeraEe in accordance with strucEural limiEations.
C. Turn on all ventilating or ,aeracing fans where appropriate.
D. Before re-entry, use a suitable gas detectbr Eo determine fumigant

concentraEion, so that appropriate precaution nay be taken. Never
rely on fumigant. warning odor during re-entry or aeration. Wear a
gas mask until the area is determined free of gas.

E. Check for gas concentrations in areas which aerate slowly.
F. Remove warni,ng signs when aeration is complete.

G. Di.spose of empty contai.ners.

H. Return unused chernicals in properly and clearly labeled containers [o
storage area.
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s EL F-H ELI_eu ES T I O.N S.

Now that you have scu<Jied tlrLs sL:t'LIon, .rnsucr Llrt.sc (lrrG.$tlorrs. \,lritt,
che answers wictr a pencil wichout, re lerrirrg hack to tlre cext. Wlrerr vou ,1rr'
saE,j.sfied wiEh your answers, see if -vou are correcc by ehecking.ttrem in the
Eext. Erase your answer and wriEe in che correc! ansuer if your fj.rsE, answer
is q/rong.

1. !{ow does a f umiganc dif f er from an aerosol?

Z. tr{trat is Ehe normal range of EemperaEures for Eumigation?

3. Should dosages of fumiganEs be increased or decreased at low EemperaE.ures?

4. Do inseccs die quickly after exposure Eo methyl bromide?

5. Wtrat are some rrays chat funigancs can danage materials?

6. i{hat emergency celephone numbers should be known in advance of any fumigacion?

7, Should warnlng slgns be posted where fumigants are being used?

8. Should f uniganEs be applied from truEside the sEructure whenever possib le ?

9. WLrac is Ehe raininum number of persons who should work on a fumigacion
oPerat j.on?

10. I{hac are some indicacions of poisoning from fumigants?

11. Are caniscer-Eype gas masks effeccive at high concentratlons of funigancs?

L2. l.Ihere can you find inforuatton on che proper canisEer Eo usre wich a fumlganc?

13. When is a self-contai.ned breaching apparatus requlred instead of a caniscer
gas mask?
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USE OF SAFETY DEVICES

How to Use a Halide Gas Det,ector

While the halide gas detector has been used for nany years, lls inportance
is enhanced by the developnent c" Ereatnents employing enclosures other than
the conventional fuoigation chamber. It is an operational as nell as a safecy
device, slnce the elinination of funigant leaks increases the efficacy of
operation and reduces harrrful concentrations outside the area under lreatment.
As a precautionary neasure, 1t should be used regularly in roons in which
chanbers are located, particularly when the bullding also houses offices or other
occupled work areas. DO NOT USE A HAIIDE GAS DETECTOR WHERE TIIERE IS CRAIN
DUST OR OTHER E)ELOSIVE OR EA}IABLE MATERIAI.

Principles of operation: The hallde gas detector ls used to lndicate Ehe
presence and approxlnate concentration of nethyl bronlde tn the alr. This is
acconpllshed by passing the alr to be lested over a red hot copper plate or
cone through or over which flame is passlng. The intenslty of colors lnparted to
the flane lndicales the presence and concencration of nethyl brordde in Ehe alr.
The leak detector alao reacts sfudlarly lrtth Eany other halide gases, tncludlng
freon, carbon tetrachlorlde, and ethylene dlbronide. The following are the
approxinaie Eethyl broBide concentracions associated with the color lntensity of
the flame:

PP},I Lbs/f000 cu. ft. Flame Color

0

25

50

0

0.00625

0.01 25

0.0 31

0.0625

0.125

0 .20

0. 25

No color
Fainc fringe of green

Llo derate green

Green

Strong green

Strong green-blue fringe
Strong blue-green

Blue

L25

250

500

800

1000

This
only when
the flame
cone red
which has

Eable of flame colors for various ppn's of nethyl bromide applies
the detector is operated ac its most sensitive raEe; EhaC is, when
is reduced Eo che lowest rate sufficient Eo keep the reacEor plate or

hot. Also ln using che deteccor at night, the flame has a bluish cast
to be taken inCo coustderacion.

Descrj.Ption: Basically, all halide detectors are quite similarly con-
sErucced' ciif f ering only in detail by Ehe various manuf acturers. Eac.h consis E.s

of a fuel Eank, a valve assenbly to regulaEe fuel flow, a burner heaci assembly
where Ehe fuel and air mix and unite, and che reaction place or cone assembly
where the visible flane reacts in color to the halogen fumigants. Ttre air
mj.xture Eo be cested is fed to Ehe burner head assembly by an atEached search
hose.
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Usage: Tire halide leak decector ls nade operable by holding a tighced
,natch in che wind,ow opening of the brrrner Eube and Eurnlng Ehe valve slowlv
to the left. After the reactj.on platcr or copper plate has heated Eo (r red hoE
color, che flame should be adjusted co Ehe mj.nimum size Eo rnalntain rhat co Lor.
The dececcor is now ready for use €rnrl this is accomplished by holding ehe
open end of the search hose onr in, or near Ehe area or article Eo be Eesced.
As the air sample Ehus drawn into Ehe burner passes over Ehe heated reaction
place or cone, the flane color changes if urethyl bromide or any ocher halogen
is present.

Since the operaEing hal"ide leak detector contains an open f lame, Ehere
uust be e strict adherence to the obvious safety praetices. Even when not in
oPeration' it is adrrisable not to store the detector in a frequently inhabiced
room, the fuel belng a flenrrnaf tg gas under pressure. Do not u,sre the halide
detector in n111s, elevatorsr o! other enclosures where there is a possibility
of dust explosion.

Hon Eo Use a T/C Analyzer

Ttre therrc cond,uctiv:icy analyzers (TAC) are scientlfic insrrumencs specific-
ally designed for detetmlning che concentration of funigant gases within Ehe
chamber or other enclosure while Ehe actr.ral frrmigation is being conducted.

Principles of Operatlon: The dlfference in the thernal conductiviry of
the fr:mlgant-laden aj.r as compared with pure air is converted into eleccrical
energy and is indlcated on Ehe meter as concentration in ounces of furnlganc per
100 cubic feet.

Wtren long sanrple lines are used a suall vacuum ptrrnp may be used Eo draw Ehe
air-gas sample from the E,est point Eo Ehe end of the line. This speeds up
the readi.ngs on Ehe gas analyzer.

It is not recormrended that Ehe TCA
when funigttlons are under vacuum sj.nce
scrtbed would be required.

be used for checking concentrations
special procedures noc herei-n pre-

operational procedules: The proper use of the TCA is dlscussed here under
three general headings: (1) selectlng the operarional sica, (2) standardizing
lhe lnstluEent, aud (3) uslng the lnstrunent for neasuring furdgant concentralions.
Because of the varlety of fr:nigation situallons, sone adj ustneo,ts may be necessary
!o n€et speciflc needs. Nevertheless, thts general outllne should be helpfut in
establishing correct operational procedures:

1. selectlng the operatlonal si.te for the TCA. The Euniscope should be
close enough to Ehe fuaigation site to avold Ehe sse of unreasonable
lengths of sampling lubes, Eo allow for a constant surveillance or
funigation setup during lesting. and to avold interference rriEh ocher
activlties in the area. It should be at a sufflcient distance fr,)ft the
fur igation site Eo alLolr the operator to function wiEhout undue s:rfecy
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hazard and t.o allow for easy exit in an emergency. Also Eo be con-
sidered is Ehe avoidance of excessive wiring which could cause
mechanical failure and increase the hazards of operator injury. If
multiple locations are necessary during operaEion to reach sampling
tubes, care should be Eaken Chat each location is Ehe best available.

The TCA should be supported on a st,urdy level surface, outside the
craffic pattern, and protected from wincis and excesslve cold, avolding
Ehe sun in hot weather. Some Eemporary shelter may need t,o be provided,
such 4s a tarpaulin or nearby vehicle. 0ptimum operating EemperaEure. --o-ls /) f .

The gas analyzer generally operates on 115-volt alternaEing current
or battery pobTer; for direct current a converter will be necessarv.
It is reconmended chat all lf5 V. A. C. TCA instruments should be
equipped with 3-wire grounding-Eype cords Eo minimize shock hazards

Standardizing the gas analvsis. This operation is the equivalent of
adjusting the bathroom seales before weighing oneself. TCA is seE up
and the pump and meter swltches set to Ehe on position after connecEing
Ehe instrument Eo the electrical out.let , checking Ehe f use if inoperab le .

Next the sampling tube is atEached, using an adapter lf of a size
different from Ehe in.'l-et stem. Allow for a 5-minute warm-up (15 minutes
if drying Eube attached) before drawing an air sample. Consult your
equipment manual for exact standardLzation of the equJ-pment.

Probing for and measuring fumigant concentrations wich standardized
fumiscope. Commodity fumigations musE be probed with a minimum of
three sarnpling tubes, one in the cenEer of a cenEer bag or other iEems
of cornmodity; one in an outside brg, bale of h.y, or slmilar iEem;
and one on the floor. Large lots should have additional sampling Eubes
in proporEion of approximacely one tube per 20 Eons of cornmodiEy,
mostly placed deep within Ehe comnodity. Each sampling Eube should be
labeled as to Ehe location of Ehe probe.

Machinery or equipment fumigat,ions should also be probed with a min-
imum of 3 sampling Eubes, one high in the headspace, one near Ehe
center of the machinery or equipment, and one on the floor. Before
starting the fumigation Ehe TCA should be given a tightness Eest while
in operacion. This can be accomplished by placing a finger over the
far ends of sampling Eubes. The flow ball on the flow meter should
then fall Eo zero if E,he tubing and connections are tight.

In using the TCA, it should be borne in mind that the instrumenE
is sensitive to a number of gases other than I'fB, AND THESE MUST BE

ELIMINATED FOR A TRUE READING.
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Carbon dioxide rnay occasionally Lre croubl esome in c[is regard,
parEicularly wich Fruics. If a pre-[umigaEion Eesr incii.cacec1 signiFi.c:.rpr
quantiEies, a Eube of. sorbing mirEeria-1. (u.sually sodium irydrace, such
as Caroxi.Ee, a lrisher Sclentific Company protJuct), should be placed in
che sanpling line.

Af ter f inal readings of a l r.rnigation, Ehe f r.rmlseope should be
thoroughly purged by renovlng ttre last sanpling Eube and allowing Ehe
PumP Eo draw Pure air Ehrough the instrument, for several mlnutes.

How Eo Use a Drager Detector

The Drager deEector consiscs of a puDp to draw the a1r gas sarnple Ehrough
a calibrated deEector tube. Ttle concentrati.on of phosphlne, methyl bromide,.
or sulfuryl chloride can chen be read directly from the printed scale. The
lini.c of the scain indicates PPI'I of funigant in the alr. If Ehere is no color
reacEj-on after drawing a sample chrough Ehe tube lt can be used for anocher
sample. The detecEor tubes should be sEored below 85of. and procected from
light . Under chese cond j.tions chey have a storage lif e o f Ewo yeers . ,\E
lower storage Eenperacures they can be stored for longer periods wiEhouE losing
effectiveness

How Eo Use a Gas Mask

Princlple of operatlons: The gas mask, when properly assernbled and
fitted, is a conpact air purifying unit which furnishes proEection againsr
those harmful gases or vapors llsced on che canister label. During inhalaEion,
the air enEers Ehe canister chrough the boEtom and passes into Ehe inEerior.
llere che air i1 chenically purified or Ehe harrnful gases or vapors neurralized.
The purified ai\ then passes Ehrough Ehe corrugared rubber Eubing inro rhe
nolded channel of Ehe facepiece, some of chese channels directing the purified
air Eo the lenses Eo reduce fogging. During exhalation, Ehe aj,r is expelled
from Ehe facepiece chrough che exhalacion valve which is so designed as Eo

PerTir near norual conversacion. Thjs valve ouElet also serves as a drain for
molsture which uEry condense from Ehe operatorts breathing within the facepiece.
An inhalation valve at che bottom of Ehe canister prevencs Ehe exhaled air
from belng expelled Ehrough Ehe cani.sEer.

Usage: The gas nask musE noE be used in an aEmosphere deficient in oxygen.
TLre canister label indlcates che liniEatlon as Eo percenE of d,angerous gas or
vapor in which it ls effecClve. Ttre wearer should advance cauglously inEo che
contaEinated area and return co fresh air immediaCely if irriEating gases are
noted or if symptoms of discress are experienced.

In preparing Ehe gas nask for use, Ehe following sceps are Eaken:

l. Remove from carrying case and examine visually for defects.
Check all rubber parts and fictings for dererioration indicaced bv
mi.nuEe cracks in the rubber.
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2. Check caniscer for effecEive date and gases for which effective.
Canister must not be over four years old and seals must still be inEact.

3. Remove canister seal.

4. Fit mask Eo face and head, firml-v against chin stretch strap; the
head harness should come completely to back of head; adjust all
straps for snugness, pulling Eop forehead strap lasE for securlng
tight seal.

5. TesE mask, holding hand over air inlet on bottom of canisEer; mask
collapses on inhalation if airtight.

l"laintenance: After each fr:nigation usage the gas mask should be carefully
checked for any necessary repaj-rs. After disconnecting Ehe breaching tube
from the canj.ster, the facepiece should be cleaned with soep and brarm water,
Ehoroughly rinsed, and swabbed with a mild disinfectant, drying aE room
t.emperature. The mask should Ehen be reassembled, equipped wich a new cannister
with seal inEact, and placed in carrving case, ready for emergency use.

Canisters are available in several sizes. They will protect the user
only as long as the toxic vapor is removed from the air he breathes. The
Eime is determined by the gas concentraEion, the rate of respiratlon, aqd Ehe
fumigant used. Contact the manufacturer for informaEion on the length of time
a cani-ster can be used before being discarded.
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SELF.HELP QUESTIONS

Now that you have studied this section, answer these quescions. Write
the ansqters with a pencil without ref erring back Eo che Eext. Wtren you are
saEisfied with your answers, see if you are correct by checking cheru in Ehe
Eext. Erase your an$rer and write in Ehe correcE anserer tf your ftrst
answer is wrong.

1. Wtren should a suitable gas detecror be used?

2. Wtrac are some ftrmigants that can be measured wiEh a hallde gas deEector?

3. Wlrere is it dangerorrs Eo use a halide gas decector?

/+. t{trat is the ninimun nrrmber of sampling cubes that should be used wich a
TCA analyzerT.

5. Wtrat are some fr.rmigants chat can be deEect,ed with a Drager detector?

6. Wtrat should an operator do if irriEating gases or symptoms of distress
are noted in a fr^uigaced area?

7. How should che facepiece of a gas mask be cleaned?
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l,'uMI(jA',l' t ( )N s'l'l{Ll(:'l'Utilis

General Information

This section deals wiEh general fumigation procedures which are essential
to the safe, €ffective use of fumigants.

The use of fumigants is often regulated by local governments. Regulatiorrs
are designed to protect the health of those applying the fumigancs and rhe
public in general. Regardless of whether Ehe treatmenEs are made as permanent
installaEions or are carried ouE once only in a particular place, it ls
necessary that all regulations be observed.

When conductlng a fumigation, aJways:

1. InspecE Ehe premises and make sure the fumigation can be conducted
without endangering anyone in the area. PosE Ehe area with
warning signs.

2. Select the f umigant which is regisEerd by the E.P.A. Eor the work involved.

3. If the fumigant of choice has no natural warning agent properEies,
consider the use of a combinaEion of fumigants to obtain such a warning
agent. However, do not violate the residue tolerances.

4 . SeaI the st,ruc ture or commodi cy e f f ec tively . Th is is tlre mos t
important part of any fumigation and is the key Eo a successful fumigaEion.
Brick or cement buildings in good repair e.an r:sually be fumigated bv
sealing all external openings. -l)oors and windows should be firmly closed
and taped -or caulked. R-EMEI'IBER, f umigation may be success f ully carried
out in any structure that can be made gas-tight for the length of Eime
required.

5. Place the injection equipmeng in such a .manner as to assure inicial
distribuEj.on of the gas.

6. If circulating fans are to be used, place Ehem in a manner which will
properly circulate the gas.

7 , Calculate the dosage. All dosage reeommendac ion.s are made on the bas is
of voltrne (cubic content) of the strucEure or bushels or Eons c'rf grains
and oEher couurodities. For regularly shaped square or rectangular
sEructures, dosages are calculaced by multiplying lengch by widrh by
height. If the structure is irregular, the volume of each uniE should
be calculated separately and then added together. If che strucEure
has a peaked roof, che average between the height of the side wa1 I and
the dj-stance from the lowest floor to the top of the roof may be Eaken
as the height dimension in calcul ating Ehe volume.
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InEroduce che furnigant using fans and heaEing apparaEus if warranEed.
If practical, only a fraction of Ehe fumiganc should be applied. Tesc
for leakage using approved detectors and correcE leaks if discovered.
Then introduce the renaining funigant.

Protect the funigation during Ehe exposure period. No unauEhorized
personnel should be allowed in Ehe fumigation siEe. Periodically cireck
che structure for leaks.

10. After the exposure perlod ls completed the structure should be aeraEed;
open as nany doors and windows as possible. Ventilacors and circulacing
fans should be used to aid in withdrawing Ehe funi.gant. As soon as Ehe
steps for iniEial- venting are taken, Ehe fumigators should withdraw
from the imediate vici.nity of Ehe fumigaced structure and wait 30
minuces before re-enEering. Check for presence of fumtgant and continue
aeration procedures unti.l the structure is free of gas.

Loading of Chambers

The way co'rrmodiEies are loaded in a chamber has an effect on fumigation
efficiency that should be known bv al1 operators. If fumigation enciosures
are loaded wiEh coumodlties chat occupy about 314 Ehe capaciEy of the room,
funlgants have less tendency to stratify or escape from Ehe chamber chan chey
do if excessive free air space surrounds Ehe load. For example, if a fumiganc
has been properly applied in a norrnal chanber-load of fruj.t, Ehe gas will come
in contact with al1 of the fruiE almcrst imorediately and will penetrace at a

rapid rate. Air space between Ehe fruit and Ehe containers would Eend Eo hold
gas-charged air untll lechal dosages of gas had been Eaken up by Ehe Fruic.
Absorbed gas would remain ln the fruit even chough Ehe chamber had air leaks.
If, by comparison, a piece of harvesting machinery were EreaEed in a similar
chamber, practically no fumigant cou-id be absorbed by the mecal . All wall
space in Ehe charober would be exposed Eo che circulated air and che gas would
escape rapidly through any openlng which mighc exist in che chamber. Fumigacion
of mechanical equipment can be ruade more effective by placing a small blower on
che floor and direccing che outlet aj.r Eoward the highest portion of the
rnachine.

A free air space should be left over all coEnodlEies. The adounc of space
wlll be decerElned by the size of the chanber. The rable below should be followed:

Size of Chauber A.nount of lleadspace

up to 21000 cu. fE.

2,000 Eo 8,000 cu. ft.
8,000 and above

LZ in.
Z0 in.
24 in.

In discussing Ehe loading of. chamber, che eerms "overloading" and "under-
loadj.ng" are used Eo express bulk of coulmodicies and noc weighc. Air circulaEion
around and. through commodj.ties being furnigated is very essent,ial . Space musE
exisE above the Eop of E,he load in order chat air and gas may be properly mixed
and circulated as che fumigant is being introduced. If air space in Ehac area
is linj.Eed, gas concent,raEions w111 become excessively high during Ehe intro-
ductory perlod. Much of it nay be absorbed by counodltles in the upper portions
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of the load before adequate itir rnovcnr(,rrL r.an distrihut(, it tllr()uFlr,)||t rlrr.
r:hambcr. Spncc mrrsE be providcd l)cn( ltll tlrc loarl in ortlt.r tltirL jlir (.ir| l.tt id
blowers may rccover air as rapldly irs il- [s dist:lrirr11e<l . ovr.rIolrl irrg,rl ,.11,1,,,1,u,-*
restricts and reEar(ls gas distributir-n ;rnd resul Es irr rrneven ('oncentr,ttions (rt
gas! incomPlete k11I of lnsecEs' and lncreased injury to susceptible comnoditiL,s

Stratlficarion of gas will not occur during fumigarion if (l) it is
properly introduced over the load, (2) proper type fans are used. and (3)
provisions are nade for the air and gas to circulate throughout the load,

The nature of cornmodlties should be Eaken into consideration in arranging
load for f r.rnigation. Dry, porous connodities such as hay, strarrr, corncobs,or simi.rar products should be loaded in guch a nanner Ehat a few inehes of
space are provlded betneen the 10ad and the side walls of the chamber. Also,
lhey should be loaded whenever possible to provide space berween tiers of
bags, bales, etc. Products that do not absorb gas rapidly and that allowsufficient space between indlvidual itens to permlt alr Eo nove downward
fteely uray beplaced dlrectly against che salls of the charnber.

A certain anount of the funigant is absorbed by practically a1l created
corunodities. rf chanbers are overloaded with dry, sorptive commodlcies, the
concenrration of gas when flrst applied wirl becone very high in the ri.miEedair space. Highly sorptive corrcdities will consume gas rapldly.

Fumigation chanbers that are onry partlally roaded present probrens which,in some respects may be more hazardous than ihose ln overloaded ones. rn thefirst place, the alr circulatory systena designed to move air in loaded
chanbers cannot function properry 1n enpty or partially loaded ones. ln loaded
chambers, the air ts forced ouEward above the top of the load and hust be
recovered by blowers after it has passed around and through rhe load. rf thebulk of the load ls insufficient to cause the arr Eo lravel in that nanner, itwirl follow the course of reas! resistance. properly installed ai! circurationunits should dlrect di.scharged air along the ceiring and against Ehe opposiEe
end of the enclosure. rntake. a1r shourd be recovered frorn beneath false floors.rf the load is lnsufficient to partially restrict air novement bet$een dis-
charged air and recovery air, the course of circulation will becone Eriangurar inshape. That ls' lt wll1 fo110w a straight rlne fron the blower co che opposite
end of Ehe chanber and return dlrectly to the botton of the chanber beneath theblower. rn such instances, partial loads will receive an unnecessary amounE of
ga6 ln the llnited ateas lhrough which the air passes and not enough gas else-
where in the chanber.

lhe distrlbutlon of gas in underloaded cha'bers can be controrled byartanglng loads accordlng to the nature of Ehe commodiEles involved. properry
placed loads can be nade !o provlde effective insect'kirl and even out Ehe
amount of gas absorbed by the indlvidual itens rhat conpose the road. rf Ehecoftiodities are closely packaged or packed in square containelrs, they naybe arranged to cover Ehe entire surface of the iar.se froor in such a- mannerthat the novenent of alr through them ls resrrlcted. sufficient a1r restrictlonwill cause rhe brouer ro draw intake ilr through arl porrions ,i i[" i""a. rf
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che load is composed of cornmodiEles oE conEai.ners chac offer lictle resistance
co air movement,, it should be concentrated in Ehe portion of cire enclosure
nearesc Eo Ehe air circulacion unic. The unoccupied porEion of Ehe fal.se Floor
should be covered wiEh paper, plastit' sheecing, or oEher air-resiscant maEeri:rl.
In such an arrangemenE, a1l blower irrEake air musc pass rhrouglr Ehe load and
all of che commodicies will be expost'd Eo the gas.

R.egulatory fr:migation schedules qrere designed for use in fullv loaded
chambers. Residue Eolerances set by E,he Environmental ProEecclon Agency are
governed Eo sotse excent by the amounc of residue chat accumulaces in food or
feed products when fr:migaced wich mininum dosages required Eo kill varlous regu-
lated insects. Wtren nortnal dosages of funlgants are used co t,reaE partial loads,
residues in Ehe cornmodlties will i,ncrease and persishable conmodicies will
become nore subJ ect Eo inJu.ry. For t,hese reasons , appropriate size chambers
should be rrsed whenever possible or empty crates or other objeccs should be
added Eo simulate normal loads.

Facts Abouc Air MovemenE

MosE fumigants ln use prlor Eo che development of methyl bromide and other
modern fumigants were applied without air circulation. IE, was noE necessarv
when sulphur dioxide smoke was used as che heac generaEed by burning sulphur
caused sufflclent air movement Eo distribute the gas among the products under
Ereatment.

The modern fumlgants used Eo Ereac comodiEies definicely requlre alr
circulaEion. In order Eo prevent possible injury Eo corutodicies and Eo comply
wiEh Eolerances fixed by EPA, only Ehe minimum dosage necessary should be used.
The weighC of Ehe gases and their penecrating abilities make ic imperaElve chaE
Ehey be rnixed wich the alr and circuLated in such a manner chac Ehe gas will
come in contact quickly wich all of the commodicies ln Ehe ioad. without
adequaEe air circulation, exposed comrnodiEies would Erap and hold excessive
qruntiCies of the gas and chere simply would not be enough Eo go around.

Faccs Abouc Air Circulacion Equipmenc

Squirrel cage blowers wiEh electric motors or gasoline engines are superic'rr
Eo blade-cype fans for circulating air in fumigation chambers. There. are
varlous cypes and sizes of blowers. In general , Ehe principle upon which Eltev
operace is much the same. A series of parallel, concave vanes are used co
propel air. They are enclosed in such a manner E,haE Ehe air ehey pick uD can
only be expelled through an opening provided for Ehe purpose. Incoming air
is channeled chrough a fixed opening. Air passing through Ehe blower is
partially compressed and expelled wich considerable force. The air thac
supp.l.lgs the blower is drasn in rapidly. Blowers musc be mounc,ed so chac che
alr is discharged above Ehe Eop of che load. A ducE should be actached Eo Ehe
blower in such a nunner Ehac intake air musc originate from beneach che loads.
IE is possible Eo visualize Ehe nanner in which blowers move air in and around
cotnmoditj-es by reallzing EhaE Ehe discharged air overfills the air space above
the load and is forced co go downward, wherever possible, chrough Ehe load.
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The resulEant push-and-pull effect ciruses air to move constanEly tirrough even
closqly packed commodicies.

In selecEing blowers for fumigat ion chambers, ic is imporEant to consider
first the fumigant Eo be used. When using methyl bromide, blowers wicir.r ragecl
cubic foot Per minute output sufficienE to recirculaLe the number of cubic feet
of air in the chamber about every four or five minutes may be used. If
ethylene dibromide is to be used, more powerful blowers will be necessar!'
because the air in Ehe chamber must be recireulated at leasE every Ewo minutes.
Blowers should be mounEed near ch'e ceiling on the back walls of Ehe chamber
whenever possible, although they may be mounted outside with air intake and
outleE ducts enEering the chamber near E.he floor and the ceiling. If blowers
are mount.ed outside, it is extremely necessary that the duct work be perfectlv
tight; if not, outside air will be drawn in before it reaches the blowerr or
air will be blown out between Ehe blower and the chamber.

Sometimes an F.M.C. system, wirit:h has a blower mounted beneath the false
floor near the cent.er of Ehe rooni, is used. Air is discharged Ehrough an
upright air Eube against the tip of an inverted cone or deflector which is
mounted on the ceiling. The air spreads in all directions and is recovered
from the pit provided between solid floor and the false floor; This unir
is highly saEisfactory inasmuch as it not only circulares the air properly
but also eliminates possible chamber leakage.

If tall grain elevaEors require fumigatj-on, a circui.ation syst.em should be
installed. Generally, a closed system.is required unless the entire structure
is fumigated at one Eime. These systems must be designed so Ehey will be
adequace for the size of storage and che cormodity stored (example: for
wheat, .025 cubic feet of air per minuEe per bushel should be circulated).
Circulation systems for large elevaEors should be designed for each establ.ishment

Aerating FumigaE,ion Chambers

Free gas should be released and commodities aerated immediately foll(rwing
furnigaEion. It is important co consider and prorecE human health at all times.
\ft-ren a furnigation chamber is inside a packing house or any other enc.losure
where workmen are likely Eo be presenE, intake and exhaust stacks should be
provided. The exhaust stack must lead outside the building. The intake and
exhausE stacks should be opened after Ehe fumigation exposure is completed.
The norrnal air circulation equipmenE in a chamber can be made to conduct:ir
f rom the chamber to the outs ide. l.Ihen a chamber is orrtside a building. j-E may
be aerated safely by opening che door slightly ar the beginning of rhe aeracion
perlod and turning the blower on. The door should be held in Ehe partially
open posiEion so it cannot accidenfalLy close. Air discharged from the hlower
should be vented to the oucside of che chamber. If Ehe door should accldentallv
c1ose, the partial vacuum created by the blower may damage the chamber. No one
should remai-n near the door or che exhausE when the blower is turned t-'!o. The
doors may be fully opened after about f5 minuEes, but workmen should not enEer
the chamber until it has been aeraEed for at least 30 minutes and checked with
a hallde detector.



24

Wtren aeraEj.ng load,s under Carps, in buildings, or on sEiIl htrrnirl drrvs, iln
opening should be made by lifting Ehc'Earp on Ehe end oppssige E6e blower.rnd
discharging che fumigant wiEh Ehe blower Ehrough an opening near Eire blower.If they are aeraEed in che open and ir breeze is blowing, the end or side of chetarP opposice the direction of Ehe wind novemenE should be lifted firsr, Ehen che
PorEion of the Earp on the wlndward side nay be opened safely. If Ehe flrst
opening is made on the windward side, concentrated gas will be forced backward
and lluly endanger oPerators. Occupants, other chan fumigation operaEors, shouldvacate buildings before carps are aerated.
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SELF-HELP OUESTIONS

Now Ehat you have studied this r;ec: E ion, answer these quesl ions . i,rr ite
che answers wich a pencil wiEhout re[erring back to Ehe text. l^Ihen you .are
satisf ied with your answers, see i{: )-ou are correct by checking Ehem in the
Eext. Erase your answer and write in Ehe correcE anslter if your firsE
anseter is utrong.

l. How is the volune of a structure with a peaked roof compuEed for a

fumigation oPeration?

2. Hqw much tlne should elaPse betlreen aerating a fumigated structure and
enlry of personnel lnto the structure?

3. Why should headspace be left above the corumodity being furnlgated in a

chamber?

4. What are some of the dlfficultles in properly funigacing underloaded chanbers?

5. Why should furnigation chambers be eguipped with means of circulating aLr?

6. Wtrere should an air blower discharge its air within a fumigation chamber?

7, How does the FMC blower system work?

8. How should a fumlgation chamber be aeraEed if it is located inside a

bu ilding ?
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Fumigation chambers constructed of cement, cemenE block.so or hrir'ks mav

be made sufficiently tighE by an applicaEion of cemenE and water ii only
methyl bromide or cyanide is Eo be used as a fumiganti if wood is used, it must
be painced with an approved paint. If ethylene dibromide is to be used, false
floors and all inner linings, with the exceptj-on of sheet metal, must be given
Ewo coaEs of gas-resistant paint or varnish. Floors, ceilings, and walls-
oEher Ehan sheet metal-not sealed with vinyl plastlc musL be painted with at
least two coats of Ehe approved pai.nts or varnishes prior to use.

The doors are respdnsible for most of the leakage in fumi-gation chambers.
This can be prevented Eo a great extent by using straight maEerial, larger
than usually used in the construction of door frames. TLle door should not be
Iarger than needed to accomodate loading of products, should be of double
thickness to minimize wanping, and should be equipped with strong, sturdy hinges.
Two parallel strips of rnoulded rubber gaskets should be cemented on Eire door
facing so that when Ehe door is shut they are compressed Eo form a tight seal.
A wedge or leverage-type latch, similar to those used on ice houses, should be
used to hold the door closed. Despite these precautions, the gaskets may lose
resilience or Ehe hinges will become worn or sprung and Ehe door may warp.

Tarpaulin Chamber

A method often used Eo confine fumigancs is the tarpaulin. This may be
polyethylene filn, plastic-coated nylon, or any other tarpaulin materlal char
is impervious to the fr:migant. These tarpauli.ns can be moved to the Eumigation
site where conrmodlties, equipmentr or vehicles can be covered and fumigated.
This type of fumigation enclosure conforms well Eo Ehe load. IE does not
require large amounts of gas to fumigate excess space because the air space
beEween the load and the tarpaulin is minimum. However, adequate head space
must be provided above the load.

Operators should realize Ehat f umigation tarps are no t in the satne c lass
as tar-coated canvas or other waEer-resistanE t.arpaulins. Fumigation Earps are
quite expensive. Tlrey should never be used for any purpose other than
fumigation. They should be handled carefully and never dragged along the ground.
After use, they should be cleaned, dried if necessaryr and folded and tied.
If they are not well cared for, they will be Eorn or t,he plastic coatlng will
come off in areas Ehat have been exposed to chafing. Injury of this type is
difficult to detect unless the tarpaulins are draped over poles, tent fashion,
and lnspected from inside. Air leakage up to a certain point is permissible, but
beyond that poi.nt carpaulins will not hold enough gas to kill insects.

Wtren tarpaulins are used for furnigating commodities, Ehe most serlous loss
of gas may be caused by absorption in earthen floors or escape around the
bottom edges of the t,arpaulin. Funigation should be conducted on asphalt or
cement covered surfaces or Eight wooden floors, if possible. Thin, expensive
plastlc sheeting, laminated sisal-kraft paper, o! lightweight roofing paper must
be used Eo cover leaky wooden floors or loose or sandy ground to prevent gas
Penetration. The sheeting should cover Ehe entire area intended to serve as a
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floor for Ehe chanber. The sheets shourd be overr.apped abouc slx inches. sand
on earth nay be used Eo cover then to a depth of (lne or npre inches as proce(.t_
lon against punctures. Merhyl brorni(re losses can be reduccd by thoro,rgirly
weiting uncovered earth prior Eo relc'asing Ehe gas. Iluch gas ui.lI enrer s:rn(lvsoil, desplte packing and wecting.

In order Eo preven! gas lea&age around lhe botton of the larpaulin, lt!s necessary to arrange the load so that at least two or chree feet of thetarpaulin is avairable !o extend outward froD the load and lie flat oo rhesurface. Ttre surface should be snooth and even. An effectlve sear can be made
by pouring loose sand on lhe flat portion of the tarpaulln or by usinq over_lapping sand or water snakes, rrhlch are Long cloth or plastic bags about 5 or 6feet long and 3 or 4 inches in dlameter, filled with sand or water.

Tarpaullns, regardress of how good Ehey are or how carefurly thev are used,ate only substltutes and should be used only when chanberg are not avallable.
T?rey have Dany objectional feacures. Even che best of theE have oany verysnall openings that allo\r sone gas co escape. They are thln and. since chere is
no second wall to retain statlc air, the movement of oucside air wilr cause chen!o lose gas through any openi.ngs that trey exist. tlhen tarps are used and exposedto sunLight' overheati.ng nay be encountered. Excesslve heat nay cause seriousinjury Eo plants or perlshable comodlll.es.

It ls necessary to fora a good seaL betueen the bottoE edges of Ehe Earps
and the floor and lt ls also necessary to place eopty crates, enpty netal druDs,or olher lnert objects on Eop of each 10ad Eo a110n for adequace space to rnixair and gas. rn effect' a fuoigation chaarber is buirr each t r.ne a tarp is usedand this is both time' consunlng and expensive. rn addition, rrcre furniganc rnay
be requlred as some schedures require higher dosages Eor tarpaurin fumigacionsln order to conpensale for ross of gas. For the above reasons, p".rrn.it chunbersshould be erected and carpaulins should not be used in situaElons,rhere repe:ltedor continuing fuBigation is anticlpated.

If regulator:y funigatlons are done under Earps. Ehey must be checked wich
f/C analyzers Eo be sure that, che correct dosage has been applied and uniformlv
dlstribut,ed at the start, and Eo deEect unusual leakage whlch ofcen occurs
wi th Ehese f rrnigat ions .

Vacuum Chambers

Vacuum frmlgagisn chanbers are less frequently used,. They are commercially
bullt and musE be able to sustain vacuurn equivalent Eo 24.5 inches mercury
Because of the scrength and accessory equipment needed to susEaj.n che required
vacuum' Ehese chaubers are expensive Eo build and equip and are generally
llmlted in si.ze.

Before inEroducing the fuurigant, che vacuum nusE be incre4sed Eo cherequired level. The mechanics of operating a vacuum fumigaEion chamber shouLd
be supplied b'y che roanufacturer building che chamber.
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AdvanEages of vacuum fumigaEion over aEmospheric pressure fumigaIion are
chat Ehe exposure period is shortened, che fumigant will Penelrate tightly
baled commodities more easily. and a check of Ehe chambrer is builE into eacit
treaEmeng. If the chamber is noE tighE it is impossible Eo draw and maincain a

vacuum. Finally, the amount of fumigant requlred is less because there is no

leakage.

Use of Railwa Cars and Other Wtreeled Carriers as Fumigation Chambers

1t4any boxcars, vans, and other wheeled carriers are unsuitable for use as

fumigation chambers due to the inability to contain the fumigant wiEhin them.
Some, however, may be used. When Ehey are used there is normally some temporarv
sealing required in order to prevenE gas leakage around doors and vents. Four
inch rnasking Eape is ideal for Ehis purpose provided Ehe surface on which it is
Eo be applied is clean and dry.

Fumigation in wheeled carriers is convenient in that the commodiEy may be

treated without being loaded and unloaded. Also, the fumigation kills the
insects in the free space of the carrier and live pests do noE remain behind
Eo infest the next load

Railway companies are usually willing to permit fumigation in their equip-
ment. Whenever a railway ca.r or wheeled van is used as a f urnigation chamber
it should be checked for tightness prior to loading, if Possible. Any
obvious leaks should be sealed. Any wheeled carrier Ehat cannoE be adequately
sealed should be covered with a gas tighc tarpaulin or plastic sheet.

Railway cars should be fumigated on isolated sidings. Highway vehicles
should also be placed in protected sites. Neither should be allowed Eo move

until the furnigation period is completed. If they are moved, Ehe vihration
caused by the moving ruptures the seal and che ftrmiganE escaPes. ApproPriate
warnlng signs should be placed on main doors and hatches wich instructions for
adequate ventilation before it is entered for inspection or unloading.

The two commonly used fumigancs for wheeled carriers are methyl bromide
and phosphine. In general the Eechniques for sealing and fumigant application
are the same as Ehose described for chamber fumigation.
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sELr-HELJr- q!$JIoNq

Now chat you have studied chis secEion, answer Ehe.se quesEions. hlrice
che answers wiEh a pencil without referring back to che Eext. When you are
sdtisfied wiEh your answers, see if you are correcc by checking Ehem in the
Eext. Erase your answer and write in Ehe correcc answer if vour firsE ansrrer
is wrong.

1. I^trhat purpose does Ehe outer wall of a permanenE atmospheric pressure
furrigation chamber serve?

Z, Inlhere are air leaks mosc llkely to occur in an atmospheric pressure
fumigation chamber?

3. I^Ihat should be used .Eo seal wood f.iners of an atmospheric fumi.gation chamber?

4. l^Ihac Eypes of naterial can be used to rnake a tarpaulin fumigation chamber?

5. tltrere do Ehe most serious losses occrrr wiEh a carpaulin FumigaEion cttamber'l

6, WFry are fumigaEion dosages higher in tarpaulin Ehan in permanenE fumigaEion
chambers ?

7. Whrat are Ehe advantages of using a vacuum fumigation chamber?

8. I^Ihere should rai.lway cars be placed for fumigaEion?
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GREENHOUS E FU]"IIGATION

The Eerm "fumigation" is commonly applied [o the applicaEion of pesticides
as smokes, mists, or aerosols in greenhouses. These forms of application are
accually solid or liquid pesticides suspended in air and are not properly fum-
igants. Furnigants are pesEicides th;rt are ef f ec.rive as gases. They may be
formulated for application as solids (such as cyanide) or liquids (such as
nethyl brorolde), but it is. the gas generated from Ehe formulation that is Ehe
active pesEicide.

An advantage of a f r:urigant (gas) is that it peneErates through materials
and does not simply kill pests on the surface as do other types of pesticlde.
This ability to penetrate, however, increases Eheir hazard as fumigants can
move out of the treated area and threaEen the surroundings. Do not use fumigants
ln greenhouses when people could possibly be exposed to Ehem. Be sure that
everyone is out of the area during fumigation.

Never use fumigants in greenhouses aLtached Eo dwellings.

Furnigants are used against insects and some diseases, nematodes, and even
weed seeds in greenhouse operations. The furnigancs can also kil1 or injure
deslrable plants if irnproperly used. Thoroughly anaLyze your need Eo use a
f um1-gant, check the recontrnendations on Ehe label of the f umigants, select the
fumigant that fits your requirements, and use it exactly as detalled on Ehe
labe1. Careless use of fumigants could result ln serious damage to plants--
as well as threaEen people.

PREPARING FOR FIJ]'IIGATION

Fumigants are fast acting and preparaEions musE be made so Ehat they can
be applied as safely and rapidly as possible. Some of the imporcant poincs in
this preparation are:

. The fumiganE itself.
Llake sure that it is the proper fumigant for your rrse.

Carefully measure out the exacE amount needed,

Review the times required for proper fumigation and ventilation, and
aeraEion following the fumigaEion.

Check the proper temperature, ooisture, wind, or ot.her special features
that could affect the fumigation.



a The area

Be sure EhaE ir ls
Check chat Ehere is
f uraigacion.

Carefully seal all cracks
Remove all obstacles Eo a
Make sure chac sensitive
funigant are removed from

1'

isolated f rom l:uilding.s wlrcrc [)cop lt. wi t I
equipmenc or f acilities Lo vent i.l;r.tc, Ehe

be [)rcsent.
a rea fo I Lowine

to reduce escape of Ehe fumigant.
fast exit if needed

plants or objects Ehat could be dauraged by EheEhe area.
. Pos tj.ng

RffJi::Tillrilrii";::,i;;'"::"::: can enrer Ehe area bv rocking ic or
Posc warning signs just before starting Ehe fr:migation.
Remove Ehe signs as soon as frrrnigation is complete and the area is safe Eoenter.

. Safety

r::t" 
the safeEy equi'purent given on Ehe fuoriganr label and pracEice ics

ff:rt"irtliotHliil: and Ehe equi.pment so rhar che appricarion can be done

start the fumigaEi'on at a point furchest from Ehe exiE and work toward cheexic.
Always work with another person and keep each ocher in sighE aE all rlmes.Make sure Ehat Ehe entrance is secured and warning signs posted befcreyou leave.

:::.t:"r T:iltr::. ""0 precaucj.ons indicared if you have Eo re-enrer che

Do not arlow people Eo enter the area until the full Eine for aeraEionhas passed.

FUMIGATING GREENHOUSE SOIL

soil Eo be used j'n greenhouse benches can be furnigated prior to use cofree it of insects' nenaEodes, disease spores and weed seeds. The soil ro befunlgated should be dry and worked up Eo erimj.nace clumps. fire fumigarion canli H:"":iiti"o"r:i:Til" o f a building. Adequare ven.ilacion mus c be 
' 

rovidedj:*;:#:":l:I:"r.ffili:.J::"r; 
" "::t5:,;ili;"*;j*;:il;;" . 

; j: i
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Every ef f orc should be made Lo l)revent escape o F the gas during f umigation
The soil should be placed on a gas prooi tarpaulin or on a concreEe floor. A
carpaulin should also be used to cov€'r the soi1. Leave enough tarpaulin around
che ecige o f the soil to securely seal che edges to the f loor. Use so il,
boards, or a sand-snake E.o seal the t'dges of the Earpaulin.

Follow the insErucE.ions on the Label of the fumigant as Ec the amounc to
use' mechod of application, and the r-equired Eimes for effecEive fumigation,
ventilation, and aeraEion of the 1:;oil before use. Do not "rush" Ehe Eime as
it could exPose you Eo che fumigant or leave a coxic residue in che soil. you
are urged to plan ahead on soil fumiga[ion so that there is no tempEation to
use Ehe soil before the necessary aeraEion Eime has passed.

Not all soil fumigants are label ed for greenhouse use Be sure to
use a formulaEion regj-stered for Ehat use

FLT}IIGATIN(; A GREENHOUSE

The presence of living planEs and che open construction of greenhouses
make safe, €ffective fumigation in a greenhouse difficult. Be sure that all
sensirive plants, as noted on the fumigant label are removed from any possible
contact with the fumiganc. The fumigant carr be absorbed and retained on wet
plants. The exposed plants should be dry when fumigaced. The house should be
sealed as cightly as possible prior to fumigation and all venrs should be
tightly closed. FumigaEion should be done when winds are lt>r.r (less than l0 mpir)
and when Ehere is no rain nor fog.

The amount of fumigant Eo be used is determined by the capacity (in
cubic feet) of the greenhouse. The capacity is determined by multiplying Ehe
length X width X average height of greenhouse. The average heighr is deEerrnined
by adding the height to the eaves Eo one-half the difference between Ehe heighr
of t'he eaves and the height of Ehe peak. Ignore any space occupied by benches,
soi1, or other material inside of Ehe greenhouse in determining the capacity.

Greenhouse fumisation should be done after sundor"m. Ttre temperature should
be raised to 65oF to 95oF during che fumigation. Be sure to follow Ehe amoung
of fumigant to be applied and che necessary Eimes for fumigatj.on and venEilarion
exactly as given on Ehe label. An oucside control for opening of the vengs
is reconmended where fumigacion is co be frequently used. Use the safecy
equlpment specified on the label if you must enter the greenhouse Eo open the
venEs. It is a good idea Eo be sure chat the venEs all operate easily before
the greenhouse j-s f umigated.
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sELF-HELr' ()LTESTIONS

Now chat you have studied Ehis secEion, answer these quesEions. l{rice
the answers with a pencil without rel'erring back co che Eext. When you are
saEj-sfied wich your answers, see if you are correct by checking Ehem in Eire
Eext. Erase your answer and write in Ehe correct ansqrer if your firsg answer
is wrong.

l. What are fumigants?

2. Can fumigants injure desirable plants?

3. Wtrat are some environmenEal condiEions chac could affect lumigaEion?

/+. wlrat should be done to reduce es('ape of che f umiganE?

5. How soon before fundgacion should warning signs be posced?

6. l.Itrere should you start, Ehe fumigaEion?

7. Can soil to be used in a greenhouse be fumigaced outside?

8. What is Ehe correct way Eo usie a rarpaulin fo r f umigac i.on?

g . Are all soil fr-rnigancs labeled ior greenhouse use?

10. Should exposed plants be wet or dryr.

11. Hpw can you determine the correcc amount of fumiganE Eo use in a greenhouseJ

L2. l{hat is t,he best Eirne o f day Eo f umigare a greenhouse?
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GMIN ].'LN'TIGATION

fhe ExEensi-on Bulletin [-]025rr "(lrain lf umigrrt iorl, " rvai Lab tc f ronr
Ehe County Agricultural Extension 0[l ice shouLd be studied by Ihose requir-
ing certif icati-on in grain f urnigatioir. This secEion is intended as a
supplement to che information in Ehe bulletin.

Liquid Grain Fumigants

Liquid grain fumigants are chemical formulations used Eo protect stored
graln from such insect pesEs as Angotrmois grain. moth, rice weevil, granary
weevil, common cadelle, Indian meal moth, etc.

The fumigants are applied to the graln as liquids. They evaporate and
the heavier-than-air vapors sink into and spread through the grain.

The choice of fr:nigant mixture and dosage should be based on various
factors involved in each storage condiEion. The type of insecE, kind of grain,
temPerature, ooisture conEent, eEc. must be considered. Specific guidelines
for grain fumigation can be obcained from The Dow Chemical Company, llidland,
Michigan 48640.

There are Ewo basic meEhods of applying liquid grain furniganrs:

Surface applicaEion wiEh naEural or gravity distribution.

Forced distribution wiEh air recirculaEion equipment.

Surface applicat.ion is the easiest and most convenient meEhod, especially
where small quantities of grain are stored. The fumigant is sprayed uniformlv
in coarse droplets over the top surface of Ehe grain mass. As Ehe fumigant
vaporlzes, the vapors are carried Ehroughout Ehe grain mass by convection
currenEs. Distribution is obcained both by these fumigant laden air currents
ahd the sorpEion of the fumigant on the grain kernels.

Forced distribution of liquid grain fumigants by air recircul-ation equip-
ment ls a relatively new developmenE. The fumigant is applied above che grain
surface in the finest droplets possible while fans are moving air through the
grain. Vaporization of the fumiganE is obcained, using the heat available
from the grain. Because of the mechanical means for moving the fumigant-air
mixture through the grain, the fumiganE shotrld consist of ingredients having
the lowest sorption rates. The advantages of this meEhod are rapid distrt-
bution of the fumigant, low sorption rates of fumigantr more efficienE use ot-
fumigant, and rapid removal of fumigant afEer exposure period is complete.

l.
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FumiqaEion o f Crain in BuLk

One of che rnost imporEanc considlrircions in Elrt: lumig;ttiorr o[ [lu]k gr;ri-rr
is Ehe diversify of strucEures used for sEorage. 'fhe sh.rpe, size, dntl Eyp\'trf
consEruction creaEe special problems in achieving and mainCaining Ehe gas

concenEraEions required. Grain storage units are usually broadly classiiied
for fumigaEion purposes as follows:

UprighE (vertlcal) sEorage. In:nis type Ehe heighc is greacer chart
Ehe length or width.

Flac (horizonEal) storage. One dimension, either length or width, is
greater than Ehe heighc.

3. Farm Eype bins and storage units.

Direct raixing of che fumigant is used in vertical sEorage sicuaEions.
The fumiganc is applied Eo Ehe grain so thac ic is distribuEed as evenly as
possible from che beginning of che Ereacmenc. This meEhod is ofcen used when
infestat,i-on is general throughouc Ehe mass and chere is access Eo Ehe grain
stream as Ehe infested grain is being run into a storage ior the firsE time or
is being Eransferred from one bin Eo anocher. Only liquid or solid Eype f urni-
gant,s are used in this way. This is a sirnple neEhod because good resulcs can
be obtained if Ehe application is done by hand.

The Surface Appllcation Mechod is used in flat sEorage siEuations and
uEllizes liquid Eype fumigants. The liquids are sprayed evenly over the Eop

surface of the grai.n. The vapors slowly evolve and dif fuse downward through cne
grain. Under modern condj,Eions this meEhod is usually used only when che grain
cannot be Eurned or in an energency sicuation.

In Farm Scorage Frfmigation Ehe gas-cighcness o f Ehe s ErucEure is an
important facEor because the bulk grain is noc large enough in icself t.o recain
vapors once leakage begins. Sceel, concrece, or cighE wooden strucEures are
usr:ally satisfactory. Most wooden scorages are leaky and ic is advisable co

line Ehe floor and walls on Ehe inside wich sEout roofing paper. Avoid
fumlgacing in windy weather.

The besr way to apply liquid fr:niganc, Eo small storages is by spraying che
surface from t,he ouEside of che building with the aid of a scirrup PurrP.
Some liquid fumiganEs, such as chloropicrin, are supplied in one pound cans. In
some applicaEions tE is convenienE co punccure Ehe cans, invert them, and EhrusE
Ehe opening about six inches below che surface. Aluminum phosphide cablers
have also proved promising for che creacment. of small storages.

Piles of grain, large or srnall, rnay be Ereated by surface applicauion in
any of che !,rays described above. However, only partial kills may be expecEed
Lf. Ehe grain is noE covered wich a gas-cighE Earpaulin eicher before or
irnmediately af cer Ehe applicacion of che iumiganE.
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Treatment of localLzed areas in a grain mass is ofcen a useful technique
for dealing with incipient inf estaEiorrs. These "spots" are usuall v recognized
and defined by a local rise in temper;rture. Liquid Eype fumigancs applied
through cubes or aluminum phosphide E;rbleEs are the best materials Eo use.

The application of fumigants to Jarge masses of grain in various Eypes of
scrucEures involves considerable amounEs of furnigants. Under Ehese conditions
safety measures are of prime importance. Only fully trained operators should
be entrusted wich Ehese fumlgations. The operators must be fully protected
at the time of application. This is cspecially imporEant when using liquid
fumigants. Proper ventilation of the working space where che maEerials are
being applied is necessary. Other persons working in Ehe vicinity must be
warned that a fr.rmigation is in progress.
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SELF-HELP QUESTIONS

Now chat you have studied this sec t ion , answer Ehese ques c.ions . I.Ir i E e

che answers wiEh a pencil wichouE referring back Eo Ehe EexE. When )'ou are
satisf ied wich your answers, see if you are correct by checking Ehem i-n the
lext. Erase your answer and write in ehe correct answer if your first answer
is wrong.

l. 'r^Ifrat are Ehe two basic nethods of applying liquid grain fumigancs?

2. I^Ihat are the three broad types of bulk grain scorage unics?

3. How are fumigants applled to bulk grains in che surface application meEhod?

4 . How are " spo Estt in bulk gnins reco gnized ?
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Q Q
H U MA'V PESTICI D E POISON I NG SPECIAL PESTICI DE EM ERG ENCIES

Animal Poisoning

You r personal veterinarian :

andlor

Animal Health Diagnostic Laboratory (Toxicol-
ogy), Michigan State University:
(s17) 3ss-0281

Pesticide Fire

Local fire department:

and

Fire Marshal Division, Michigan State Police:
(s17) 322-1924

Traffic Accident

Local police department or sheriff's department:

and

Operations Division, Michigan State Police:
*(517) 336-6605

Env iro nme nt al P o llut i o n

Pollution Emergency Alerting System (PEAS).
Michigan Department of Natural Resources:
*1-800-292-4706
(Toll free for environmental emergencies)

For information on pesticide disposal
and local pick-up days:

Michigan Department of Natural Resources.
Waste Management Division :

(517) 373-2730 r

* Telephone N umber O perated 21 Hours

Eastern H alf of M ichigan

w ithin the Detroit city proper:
*(313) 745-57tL

within the 313 area code:
*1-800-462-6642

Poison Control Center

Children's Hospital of Michigan
3901 Beaubien
Detroit, MI 48201

W estern H alf of M ichigan

within the Grand Rapids city proper:
*(616) 774-7854

Statew ide
*1-800-632-2727

Blodgett Regional Poison Center
Blodgett Memorial Medical Center
1840 Wealthy, S.E.
Grand Rapids, MI 49506

Upper Peninsula of Michigan

within the Marquette city proper:
*(906) 22s-3497

Upper Peninsula only:
*t-800-5 62-9781

U.P. Poison Control Center
Marquette General Hospital
420 West Magnetic Street
Marquette, MI48955

Cooperative Extension Service
Michigan State University
Extension Bulletin AM-37

PESNCIDE EMERGENCY
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