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Important notice to users of this study manual:

Certification exam questions for all fumigation standards include information found in this
manual. Study the appropriate 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 Study pages 1-30 of this manual.

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

Soil Fumigation Study pages 1-18 and 26-34 of this manual
AND the entire E-2042, Soil Fumigation
Pesticide Applicator Training Manual.

Greenhouse Fumigation Study pages 1-18 and 26-34 of this manual
AND the entire E-2042, Soil Fumigation
Pesticide Applicator Training Manual.
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Preface

This bulletin is intended to assist users of fumigant pesticides pre-
pare for certification under the Michigan Pesticide Control Act of 1976.
The manual was prepared by: Mr. R. L. Moore, Animal and Plant Health Inspection
Service, United States Department of Agriculture; Mr. R. L. Mesecher, Plant
Industry Division, Michigan Department of Agriculture; and Drs. G. Bird and
R. F. Ruppel, and Ms. A. Brown, Department of Entomology, Michigan State
University.

A list of self-help questions and instructions for completing the
questions are at the end of each section. If you encounter difficulties in
using the manual, please consult your county agricultural extension agent or a
representative of the Plant Industry Division of Michigan Department of
Agriculture for assistance.

Some suggestions on studying the manual are:
1. Find a place and time for study where you will not be disturbed.

2. Reread the entire manual through once to understand the scope and form
of presentation of the material.

3. Then study one section of the manual at a time. You may want to underline
the important points in the manual or take written notes as you study the
section.

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 you evaluate your knowledge of the subject. As
such, they are an important part of your study.

5. Reread the entire manual once again when you have finished studying all
of its sections. Review with care any sections that you feel you do not
fully understand.

This manual is intended to help you use pesticides effectively and safely
when they are needed. We hope that you will review it occasionally to keep the
material fresh in vour mind.



GENERAL USE OF FUMIGANTS

Fumigation is the 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 tightly
packed materials. The term "space fumigation'" designates generally a wide
range of treatments in enclosed spaces which either contain infested materials
or themselves have residual insect populations. This spreading of individual
molecules differentiates fumigants from aerosols such as smokes, fogs or mists.
The aerosols are discharged as very fine particles which remain suspended in
the air 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.

All fumigations should be under the supervision of an individual who knows
the nature of the chemical being used and its hazards. All effective fumigants
are potentially dangerous to plant, animal, and human life and should be handled
with due care and judgment.

Fumigants offer the following advantages over other pesticides:

1. Most fumigants commonly used are toxic to all animal pests, insects,
spiders, mites and rodents.

2. The use of fumigants is usually the quickest method of controlling pests.

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

4., Some fumigants can be used to kill pests in or near food, leaving no harm-
ful residues, whereas other pesticides may contaminate or taint food.

5. In specific situations, fumigants may be less expensive than repeated
treatments by sprays or dusts.

Some disadvantages of fumigants are:
1. Most fumigants are very toxic to man
2. Fumigants leave no residual pest control after aeration.

3. More specialized protective equipment, such as gas masks, gas leak
detectors, etc. are required.

4. The application of fumigants requires more technical skill.
5. The labor involved may make the cost high.

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.

8. More than one technician must always be present in any fumigation
operation.

9. Some fumigants are expensive, corrosive, or may leave residues.

10. Special permits or licenses are required in many areas.

NATURE AND EFFECTS OF FUMIGANTS

How Fumigants Kill Pests

It has been very difficult to determine exactly how fumigants affect
insects. Scientists have explored the question for many years but are not
in complete agreement as to just how different fumigants cause death. In
general, fumigants reach the tissues of insects through the respiratory svstem.
The highest percentage of kill is caused by the entrance of the fumigant into
the cells. In most insec:s, oxygen is taken into the body through the spiracles.
Once inside the body, oxygen and the accompanying fumigant are diffused through
the thin cell walls. Inspiratory movement of the insect's abdomen and thorax
acts to assist diffusion. The matter of diffusion has a practical bearing upon
commodity fumigation. Insects are most active during periods of optimum
temperatures as they breathe normally and, therefore, absorb more fumigant than
they do during cold, inactive periods. This plus the fact that at the lower
temperatures gas 1s less active is one of the reasons that higher dosages of
fumigants must be used as temperature decreases to compensate for inaction of
the insect. A certain amount of gas will enter the cells of inactive insects,
but high concentrations are required to diffuse into the cells and kill the pests.

Some fumigants .appear to kill insects by preventing the assimilation of
oxygen in the cells. Others may kill by mechanically preventing oxygen from
reaching the insect. Methyl bromide and ethylene dibromide appear to kill bv
affecting the enzymes in some way which prevents tissues from uniting with

oxygen.

When fumigating, lethal fumes are released within an enclosure. The
person applying the fumigation treatment cannot see and, in some cases, cannot
smell the fumes. The pests which he seeks to kill may be hidden away in the
heart of a grapefruit or a bale of hay, but the invisible fumes must be capable
of killing them regardless of the stage of development or where they are located.
Therefore, fumigation operators need to know the potential of fumigants and how
to apply them properly.

The most important environmental factor influencing the action of fumigants
on insects is temperature. In the range of normal fumigating temperacures



from 10°C. to 35°¢C. (SOOF to 950F), the concentration of the fumigant required

to kill a given stage of an insect species decreases with the rise in temperature.
From the purely biological standpoint this is mainly due to the increased rate

of metabolism of the insect's response to the rise in temperature. Also,

physical absorption of the fumigant by the material containing the insects is
reduced and proportionately more fumigant is available to attack the insects.

Nature of Fumigants—General

Fumigants are used in various forms and dosages according to the nature of
the commodities and pests involved. Certain generalizations may be made
pertaining to killing insect pests in commodities. The state of development and
activity of the target pest is important. Active adults normally are easier to
kill than inactive or hibernating adults. Immature stages of insects generally
require higher dosages or longer exposure for complete mortality than do active
adults. The amount of free air space compared to the size of the load, the
porosity of the load, the kind of material, and the location of the pest in the
load all affect the dosage and exposure period. Finely ground materials, such
as alfalfa and cottonseed meal, have a large surface area and are more sorptive
than whole grain or inert items such as scrap iron.

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

Tests in recent years indicate that residues resulting from methyl

bromide fumigation are lower when temperatures are low. This is true even
though the concentration and exposure are greater at these temperatures.

The Predeath Behavior of Fumigated Insects

Insects that have been fumigated with methyl bromide or ethylene dibromide
die slowly. Death occurs much more quickly at higher temperatures than at low
temperatures. Temperature determines the molecular rate of activity of chemical.
At higher temperatures, the fumigant disperses more rapidly, thereby getting to
the pest more quickly.

Treated insects may soon become unable to walk or fly in a normal manner.
They usually come to rest on their backs and eventually are unable to recover
from that position; however, they may move their head, legs, or antennae for
several days before death finally occurs. It should be noted that some fumigants,
such as carbon disulphide and cyanide, at sublethal concentrations may
anesthetize insects so that they appear to be dead shortly after fumigation only
to revive and continue a normal life. It has been observed that decomposition
sometimes occurs in the abdominal segments before the insect actually dies.
Insect activity, when observed shortly after exposure to slow-killing fumigants,
such as methyl bromide and ethylene dibromide, may be disappointing to
inexperienced persons. The effect on insects that have been exposed to lethal
dosages of these gases is accumulative and regardless of how long it takes to
kill them they never recover.



MODERN FUMIGANTS

There are many chemical compounds which are volatile at ordinary tempera-
tures and sufficiently toxic to fall within the definition of fumigants. In
actual practice, however, most gases have been eliminated on account of un-
favorable properties, the most important being chemical instability and des-
tructive effects on materials. Damage to materials may take place in several
ways, as follows: '

1. Excessively corrosive compounds attack shipping containers or
spoil the structure and fittings of fumigation chambers or of other
spaces undergoing treatment.

2. Reactive chemicals form irreversible compounds which remain as
undesirable residues in products. In foodstuffs such reactions may
lead to taint or the formation of poisonous residues. Other materials
may be rendered unfit by visible staining or by the production of
unpleasant odors.

3. Physiologically active compounds may destroy or greatly injure grow-
ing plants, fruit or vegetables, and may adversely affect the
germination of seeds.

Highly flammable compounds are not necessarily excluded if dangers of fire
and explosion can be controlled by the addition of other suitable compounds, or
if fumigation procedures are carefully designed to eliminate these hazards.
Toxicity to human beings is not usually a cause for exclusion. All known
fumigants are toxic to man to a greater or lesser degree, and ways can be
devised for their safe handling under the required conditions of application.

Table 1, which lists the limited number of insecticidal fumigants in
use today, demonstrates the severity of the pruning process applied to gaseous
chemicals before they are adopted for practical use as fumigants. It will be
noted from this table that many of the fumigants listed do, in fact, exhibit one
or more of the undesirable properties discussed above. This fact shows that the
"ideal" fumigant has not as yet been found, and it is quite probable that it
never will be. Nevertheless, these fumigants are highly useful in their own
particular spheres of application.

PRECAUTIONS TO FOLLOW WHEN USING FUMIGANTS

Preliminary Planning

A. Become fully acquainted with site and commodity to be fumigated,
including:
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1. General layout of structure, connecting structures,
adjacent structures, and escape route, above and below ground.

a. Check over equipment to insure that product flow has
ceased and that equipment has been made as tight as

practicable to prevent drafts and/or leakage from it.

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

2. Determine the number and identification of persons who routinely
enter the area to be fumigated, and the proximity of other
persons and animals.

3. The specific commodity and its mode of storage and condition.

4. The previous treatment history of the commodity, if available.

5. Accessibility of utility service connections.

6. Nearest telephone or other communication facility.

7. Emergency shut-off stations for electricity, water, gas, etc.

8. Ascertain and post current emergency telephone numbers, i.e.,
fire, police, hospital, physician.

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

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

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

Study directions, warnings, antidotes, etc., on the label and
on the manufacturer's instruction manual.

Notify local fire and police authorities and other security personnel
as to location, the chemicals to be used, proposed date and the time
of use, type of gas mask and canister required, and fire hazard rating.

Make certain that local medical organizations are informed of your
fumigation practices and the specific materials in use.

Provide authorities with pertinent safety literature on the materials
to be employed.

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



H. Inform all employees of the operational schedule, potential hazards
to life and property, and the required safety measures and emergency
procedures.

I. Prepare warnings signs for posting treated areas, provide for security
of buildings, and arrange for watchmen when required.

J. Have available first aid equipment and antidotes where applicable.

K. Plan for application from outside the structure whenever possible.

L. Plan for ventilating the treated space and commodities when the
required exposure is terminated. Do this before treatment is started.

M. Areas used for storage of fumigant chemicals should be properly
identified and provide the conditions required by the manufacturers'
directions.

N. Make sure that there are no open fires, motors, etc., that could spark,
or hot surfaces, such as heat pipes and electric fixtures, within the
space to be fumigated.

0. Provide fans for distribution of the fumigant where applicable.

P. Provide gas sampling and/or detection devices.

Q. Make a final check to clear all personnel and animals from the space to
be exposed to the fumigant.

Personnel

A. Assign at least two persons to each fumigation.

B. In circumstances where entry into a fumigated area is essential,
use a buddy system of two persons (not three).

C. Employees actively taking part in a fumigation should be in good

physical condition, and:

1. Should have physical examinations at least annually and more
often as conditions require, and employee health records
should be maintained current.

2. Should abstain from alcoholic beverages for 24 hours prior to and
24 hours after a fumigation joo.

3. Employees having colds or other conditions which impair breathing
should not participate.

4. Employees undergoing medical or dental treatment should not
participate unless specifically authorized to do so by a physician.



D. All operating personnel should be instructed in first aid and other
emergency procedures, including personal decontamination.

E. The use of specific antidotes or first aid should be underqtood
by operating personnel.

F. All accidents should be reported immediately to employer or supervisor.
Personnel handling fumigants should be cautioned to report all
indications of illness or physical discomfort regardless of their
apparent minor nature. These may include but not be restricted to
any or all of the following: dizziness, diarrhea, nausea, headaches.
and lack of coordination.

G. Instruct all operating personnel in the hazards that may be encountered
in the misuse of the chemicals selected and in the selection, operation
and maintenance of all protective devices or procedures required.

’

Protective Equipment

The equipment recommended in this section is to be employed to prevent
loss or injury to life. The recommendations of the fumigant manufacturer
concerning specific protective equipment and clothing should be rigorously
observed. The limitations on operation conditions and performance of protective
devices should be understood and observed.

A. When possible, arrange for two-way radio communication
among employees applying fumigants or, in emergencies, entering
treated areas.

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

C. Self-contained oxygen supply breathing apparatus is preferable in
certain situations. It does not prevent sorption through the skin.

D. Canister-type gas masks should be provided with a supersize canister
and with a canister mounted as appropriate to the gas mask.

E. Canister-type gas masks:

1. Are ineffective when breathable oxygen is too low.
2. Do not prevent sorption through the skin.

3. Will not remove toxic gases if the concentration is above
the level stated on the canister.

4. Require different types of canisters for different toxic gases.

5. Operating conditions listed for a canister apply to fresh canisters
only.

6. Used canisters should be mutilated to prevent reuse.

7. Canisters should be used one time only.



D. Personnel applying fumigants should not enter into areas whore
fumigant gas or vapor is being discharged except in extreme emergencies.

E. Take into consideration prevailing wind and other weather factors.
F. Post warning signs.

G. Provide watchmen where required or necessary.

Postapplication Operations

A. Provide watchmen where required or necessary.

B. Ventilate and aerate in accordance with structural limitations.
C. Turn on all ventilating or aerating fans where appropriate.
D

Before re-entry, use a suitable gas detector to determine fumigant
concentration, so that appropriate precaution may 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.

. Check for gas concentrations in areas which aerate slowly.
Remove warning signs when aeration is complete.

Dispose of empty containers.

O mom

. Return unused chemicals in properly and clearly labeled containers to
storage area.
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SELF-HELP QUESTIONS

Now that you have studied this sectlon, answer these questions,  Write

the answers with a pencil without referring back to the text. When vou are
satisfied with your answers, see 1f vou are correct by checking them in the
text. Erase your answer and write in the correct answer if your first answer
is wrong.

1.

10.

L1,

12,

13.

How does a fumigant differ from an aerosol?

What is the normal range of temperatures for fumigation?

Should dosages of fumigants be increased or decreased at low temperatures?

Do insects die quickly after exposure to methyl bromide?

What are some ways that fumigants can damage materials?

What emergency telephone numbers should be known in advance of any fumigation?

Should warning signs be posted where fumigants are being used?

Should fumigants be applied from outside the structure whenever possible’

What is the minimum number of persons who should work on a fumigation

operation?

What are some indications of poisoning from fumigants?

Are canister—-type gas masks effective at high concentrations of fumigancs?

Where can you find information on the proper canister to use with a fumigant?

When is a self-contained breathing apparatus required instead of a canister
gas mask?
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USE OF SAFETY DEVICES

How to Use a Halide Gas Detector

While the halide gas detector has been used for many years, its importance
is enhanced by the development c¢° treatments employing enclosures other than
the conventional fumigation chamber. It is an operational as well as a safety
device, since the elimination of fumigant leaks increases the efficacy of
operation and reduces harmful concentrations outside the area under treatment.
As a precautiomary measure, it should be used regularly in rooms in which
chambers are located, particularly when the building also houses offices or other
occupied work areas. DO NOT USE A HALIDE GAS DETECTOR WHERE THERE IS GRAIN
DUST OR OTHER EXPLOSIVE OR FLAMABLE MATERIAL.

Principles of operation: The halide gas detector is used to indicate the
presence and approximate concentration of methyl bromide in the air. This is
accomplished by passing the air to be tested over a red hot copper plate or
cone through or over which flame is passing. The intensity of colors imparted to
the flame indicates the presence and concentration of methyl bromide in the air.
The leak detector also reacts similarly with many other halide gases, including
freon, carbon tetrachloride, and ethylene dibromide. The following are the
approximate methyl bromide concentrations associated with the color intensity of
the flame:

PPM Lbs/1000 cu. ft. Flame Color
0 0 No color
25 0.00625 Faint fringe of green
50 0.0125 Moderate green
125 0.031 Green
250 0.0625 Strong green
500 v 0.125 Strong green-blue fringe
800 0.20 Strong blue-green
1000 0.25 Blue

This table of flame colors for various ppm's of methyl bromide applies
only when the detector is operated at its most sensitive rate; that is, when
the flame is reduced to the lowest rate sufficient to keep the reactor plate or
cone red hot. Also in using the detector at night, the flame has a bluish cast
which has to be taken into consideration.

Description: Basically, all halide detectors are quite similarly con-
structed, differing only in detail by the various manufacturers. Each consists
of a fuel tank, a valve assembly to regulate fuel flow, a burner head assembly
where the fuel and air mix and unite, and the reaction place or cone assembly
where the visible flame reacts in color to the halogen fumigants. The air
mixture to be tested is fed to the burner head assembly by an attached search
hose.



Usage: The halide leak detector is made operable by holding a lighted
match in the window opening of the burner tube and turning the valve slowlv
to the left. After the reaction platc or copper plate has heated to a red hot
color, the flame should be adjusted to the minimum size to maintain that color.
The detector is now ready for use and this is accomplished by holding the
open end of the search hose on, in, or near the area or article to be tested.
As the air sample thus drawn into the burner passes over the heated reaction
plate or cone, the flame color changes if methyl bromide or any other halogen
is present.

Since the operating halide leak detector contains an open flame, there
must be a strict adherence to the obvious safety practices. Even when not in
operation, it is advisable not to store the detector in a frequently inhabited
room, the fuel being a flammable gas under pressure. Do not use the halide
detector in mills, elevators, or other enclosures where there is a possibility
of dust explosion.

How to Use a T/C Analyzer

The thermo conductivity analyzers (TAC) are scientific instruments specific-
ally designed for determining the concentration of fumigant gases within the
chamber or other enclosure while the actual fumigation is being conducted.

Principles of Operation: The difference in the thermal conductivity of
the fumigant-laden air as compared with pure air is converted into electrical
energy and is indicated om the meter as concentration in ounces of fumigant per
100 cubic feet.

When long sample lines are used a small vacuum pump may be used to draw the
air-gas sample from the test point to the end of the line. This speeds up
the readings on the gas analyzer.

It is not recommended that the TCA be used for checking concentrations
when fumigations are under vacuum since special procedures not herein pre-
scribed would be required.

Operational procedures: The proper use of the TCA is discussed here under
three general headings: (1) selecting the operational site, (2) standardizing
the instrument, and (3) using the instrument for measuring fumigant concentrations.
Because of the variety of fumigation situations, some adjustments may be necessarvy
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 testing, and to avoid interference with other
activities in the area. It should be at a sufficient distance from the
fumigation site to allow the operator to function without undue s.ifety




hazard and to allow for easy exit in an emergency. Also to be con-
sidered is the avoidance of excessive wiring which could cause
mechanical failure and increase the hazards of operator injury. If
multiple locations are necessary during operation to reach sampling
tubes, care should be taken that each location is the best available.

The TCA should be supported on a sturdy level surface, outside the
traffic pattern, and protected from winds and excessive cold, avoiding
the sun in hot weather. Some temporary shelter may need to be provided,
such as a tarpaulin or nearby vehicle. Optimum operating temperature

is 75 F.

The gas analyzer generally operates on 1ll5-volt alternating current
or battery power; for direct current a converter will be necessary.
It is recommended that all 115 V. A. C. TCA instruments should be

equipped with 3-wire grounding-type cords to minimize shock hazards.

Standardizing the gas analysis. This operation is the equivalent of
adjusting the bathroom scales before weighing oneself. TCA is set up
and the pump and meter switches set to the on position after connecting
the instrument to the electrical outlet, checking the fuse if inoperable.
Next the sampling tube is attached, using an adapter if of a size
different from the inlet stem. Allow for a 5-minute warm-up (15 minutes
if drying tube attached) before drawing an air sample. Consult your
equipment manual for exact standardization of the equipment.

Probing for and measuring fumigant concentrations with standardized
fumiscope. Commodity fumigations must be probed with a minimum of
three sampling tubes, 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
in proportion of approximately one tube per 20 tons of commodity,
mostly placed deep within the commodity. Each sampling tube should be
labeled as to the location of the probe.

Machinery or equipment fumigations should also be probed with a min-
imum of 3 sampling tubes, one high in the headspace, one 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 finger over the
far ends of sampling tubes. The flow ball on the flow meter should
then fall to zero if the tubing and connections are tight.

In using the TCA, it should be borne in mind that the instrument
is sensitive to a number of gases other than MB, AND THESE MUST BE
ELIMINATED FOR A TRUE READING.
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Carbon dioxide may occasionally be troublesome in this regard,
particularly with fruits. 1If a pre-{umigation test indicated significant
quantities, a tube of sorbing muaterial (usually sodium hvdrate, such

as Caroxite, a Fisher Scientific Company product), should be placed in
the sampling line.

After final readings of a fumigation, the fumiscope should be

thoroughly purged by removing the last sampling tube and allowing the
pump to draw pure air through the instrument for several minutes.

How to Use a Drager Detector

The Drager detector comnsists of a pump to draw the air gas sample through
a calibrated detector tube. The 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 the air. If there is no color
reaction after drawing a sample 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 years. At
lower storage temperatures they can be stored for longer periods without losing
effectiveness.

How to Use a Gas Mask

Principle of operations: The gas mask, when properly assembled and
fitted, is a compact air purifying unit which furnishes protection against
those harmful gases or vapors listed on the canister label. During inhalation,
the air enters the canister through the bottom and passes into the interior.
Here the air ig chemically purified or the harmful gases or vapors neutralized.
The purified ai& then passes through the corrugated rubber tubing into the
molded channel of the facepiece, some of these channels directing the purified
air to the lenses to reduce fogging. During exhalation, the air is expelled
from the facepiece through the exhalation valve which is so designed as to
pergit near normal conversation. This valve outlet also serves as a drain for
moisture which may condense from the operator's breathing within the facepiece.
An inhalation valve at the bottom of the canister prevents the exhaled air
from being expelled through the canister.

Usage: The gas mask must not be used in an atmosphere deficient in oxvgen.
The canister label indicates the limitation as to percent of dangerous gas or
vapor in which it is effective. The wearer should advance cautiously into the
contaminated area and return to fresh air immediately if irritating gases are
noted or if symptoms of distress are experienced.

In preparing the gas mask for use, the following steps are taken:
1. Remove from carrying case and examine visually for defects.

Check all rubber parts and fittings for deterioration indicated bv
minute cracks in the 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 intact.

3. Remove canister seal.

4, TFit mask to face and head, firmlv against chin stretch strap; the
head harness should come completely to back of head; adjust all
straps for snugness, pulling top forehead strap last for securing
tight seal.

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

Maintenance: After each fumigation usage the gas mask should be carefully
checked for any necessary repairs. After disconnecting the breathing tube
from the canister, the facepiece should be cleaned with soap and warm water,
thoroughly rinsed, and swabbed with a mild disinfectant, drying at room
temperature. The mask should then be reassembled, equipped with a new cannister
with seal intact, and placed in carryving 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
time is determined by the gas concentration, the rate of respiration, and the
fumigant used. Contact the manufacturer for information on the length of time
a canister can be used before being discarded.
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SELF-HELP QUESTIONS

Now that you have studied this section, answer these questions. Write
the answers with a pencil without referring back to the text. When vou are
satisfied with your answers, see if you are correct by checking them in the
text. Erase your answer and write in the correct answer if your first
answer is wrong.

1. When should a suitable gas detector be used?
2. What are some fumigants that can be measured with a halide gas detector?

3. Where is it dangerous to use a halide gas detector?

4. What is the minimum number of sampling tubes that should be used with a
TCA analyzer?

5. What are some fumigants that can be detected with a Drager detector?

6. What should an operator do if irritating gases or symptoms of distress
are noted in a fumigated area?

7. How should the facepiece of a gas mask be cleaned?



FUMTGATION, STRUCTURES

General Information

This section deals with general fumigation procedures which are essential

to the safe, effective use of fumigants.

The use of fumigants is often regulated by local govermments. Regulations

are designed to protect the health of those applying the fumigants and the
public in general. Regardless of whether the treatments are made as permanent
installations or are carried out once only in a particular place, it is
necessary that all regulations be observed.

When conducting a fumigation, always:

Inspect the premises and make sure the fumigation can be conducted
without endangering anyone in the area. Post the area with
warning signs.

Select the fumigant which is registerd by the E.P.A. for the work involved.

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

Seal the structure or commodity effectively. This is the most

important part of any fumigation and is the key to a successful fumigation.
Brick or cement buildings in good repair can usually be fumigated by
sealing all external openings. .Doors and windows should be firmly closed
and taped -or caulked. REMEMBER, fumigation may be successfully carried
out in any structure that can be made gas-tight for the length of time
required.

Place the injection equipment in such a manner as to assure initial
distribution of the gas.

If circulating fans are to be usecd, place them in a manner which will
properly circulate the gas.

Calculate the dosage. All dosage recommendations are made on the basis
of volume (cubic content) of the structure or bushels or tons of grains
and other commodities. For regularly shaped square or rectangular
structures, dosages are calculated by multiplying length by width by
height. If the structure is irregular, the volume of each unit should
be calculated separately and then added together. If the structure

has a peaked roof, the average between the height of the side wall and
the distance from the lowest floor to the top of the roof may be taken
as the height dimension in calculating the volume.
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8. Introduce the fumigant using fans and heating apparatus if warranted.
If practical, only a fraction of the fumigant should be applied. Test
for leakage using approved detectors and correct leaks if discovered.
Then introduce the remaining fumigant.

9. Protect the fumigation during the exposure period. No unauthorized
personnel should be allowed in the fumigation site. Periodically check
the structure for leaks.

10. After the exposure period is completed the structure should be aerated;
open as many doors and windows as possible. Ventilators and circulating
fans should be used to aid in withdrawing the fumigant. As soon as the
steps for initial venting are taken, the fumigators should withdraw
from the immediate vicinity of the fumigated structure and wait 30
minutes before re-entering. Check for presence of fumigant and continue
aeration procedures until the structure is free of gas.

Loading of Chambers

The way commodities are loaded in a chamber has an effect on fumigation

efficiency that should be known bv all operators. If fumigation enclosures

are loaded with commodities that occupy about 3/4 the capacity of the room,
fumigants have less tendency to stratify or escape from the chamber than they
do if excessive free air space surrounds the load. For example, if a fumigant
has bteen properly applied in a normal chamber-load of fruit, the gas will come
in contact with all of the fruit almost immediately and will penetrate at a
rapid rate. Air space between the fruit and the containers would tend to hold
gas-charged air until lethal dosages of gas had been taken up by the fruit.
Absorbed gas would remain in the fruit even though the chamber had air leaks.
If, by comparison, a piece of harvesting machinery were treated in a similar
chamber, practically no fumigant could be absorbed by the metal. All wall
space in the chamber would be exposed to the circulated air and the gas would
escape rapidly through any opening which might exist in the chamber. Fumigation
of mechanical equipment can be made more effective by placing a small blower on
the floor and directing the outlet air toward the highest portion of the
-machine.

A free air space should be left over all commodities. The amount of space
will be determined by the size of the chamber. The table below should be followed:

Size of Chamber Amount of Headspace
up to 2,000 cu. ft. 12 in.
2,000 to 8,000 cu. ft. 20 in.
8,000 and above 24 in.

"

In discussing the loading of chamber, the terms "overloading" and "under-
loading" are used to express bulk of commodities and not weight. Air circulation
around and through commodities being fumigated is very essential. Space must
exist above the top of the load in order that air and gas may be properly mixed
and circulated as the fumigant is being introduced. If air space in that area
is limited, gas concentrations will become excessively high during the intro-
ductory period. Much of it may be absorbed by commodities in the upper portions
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of the load before adequate air movement can distribute it C(hroughout the
chamber.  Space must be provided bencath the load in order that air circulation
blowers may recover air as rapidly as it is discharged. Overloading ol chambers
restricts and retards gas distribution and results in uneven concentrations of

gas, incomplete kill of insects, and increased injury to susceptible commodities.

Stratification of gas will not occur during fumigation if (1) it is
properly introduced over the load, (2) proper type fans are used. and (3)
provisions are made for the air and gas to circulate throughout the load.

The nature of commodities should be taken into consideration in arranging
load for fumigation. Dry, porous commodities such as hay, straw, corncobs,
or similar products should be loaded in such a manner that a few inches of
space are provided between the load and the side walls of the chamber. Also,
they should be loaded whenever possible to provide space between tiers of
bags, bales, etc. Products that do not absorb gas rapidly and that allow
sufficient space between individual items to permit air to move downward
freely may be placed directly against the walls of the chamber.

A certain amount of the fumigant is absorbed by practically all treated
commodities. If chambers are overloaded with dry, sorptive commodities, the
concentration of gas when first applied will become very high in the limited
air space. Highly sorptive commodities will consume gas rapidly.

Fumigation chambers that are only partially loaded present problems which,
in some respects may be more hazardous than those in overloaded ones. In the
first place, the air circulatory systems designed to move air in loaded
chambers cannot function properly in empty or partially loaded 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. If the
bulk of the load is insufficient to cause the air to travel in that manner, it
will follow the course of least resistance. Properly installed ait circulation
units should direct discharged air along the ceiling and against the opposite
end of the enclosure. Intake air should be recovered from beneath false floors.
If the load is insufficient to partially restrict air movement between dis-
charged air and recovery air, the course of circulation will become triangular in
shape. That is, it will follow a straight line from the blower to the opposite
end of the chamber and return directly to the bottom of the chamber beneath the
blower. In such instances, partial loads will receive an unnecessary amount of
gas in the limited areas through which the air passes and not enough gas else-
where in the chamber.

The distribution of gas in underloaded chambers can be controlled by
arranging loads according to the nature of the commodities involved. Properly
placed loads can be made to provide effective insect kill and even out the
amount of gas absorbed by the individual items that compose the load. If the
commodities are closely packaged or packed in square containers, they may
be arranged to cover the entire surface of the false floor in such a manner
that the movement of air through them is restricted. Sufficient air restriction
will cause the blower to draw intake air through all portions of the load. If



the load is composed of commodities or containers that offer little resistance
to air movement, it should be concentrated in the portion of the enclosure
nearest to the air circulation unit. The unoccupied portion of the false floor
should be covered with paper, plastic shecting, or other air-resistant material.
In such an arrangement, all blower intake air must pass through the load and
all of the commodities will be exposc¢d to the gas.

Regulatory fumigation schedules were designed for use in fully loaded
chambers. Residue tolerances set by the Environmental Protection Agency are
governed to some extent by the amount of residue that accumulates in food or
feed products when fumigated with minimum dosages required to kill various regu-
lated insects. When normal dosages of fumigants are used to treat partial loads,
residues in the commodities will increase and persishable commodities will
become more subject to injury. For these reasons, appropriate size chambers
should be used whenever possible or empty crates or other objects should be
added to simulate normal loads.

Facts About Air Movement

Most fumigants in use prior to the development of methyl bromide and other
modern fumigants were applied without air circulation. It was not necessary
when sulphur dioxide smoke was used as the heat generated by burning sulphur
caused sufficient air movement to distribute the gas among the products under
treatment. '

The modern fumigants used to treat commodities definitely require air
circulation. In order to prevent possible injury to commodities and to comply
with tolerances fixed by EPA, only the minimum dosage necessary should be used.
The weight of the gases and their penetrating abilities make it imperative that
they be mixed with the air and circulated in such a manner that the gas will
come in contact quickly with all of the commodities in the load. Without
adequate air circulation, exposed commodities would trap and hold excessive
quantities of the gas and there simply would not be enough to go around.

Facts About Air Circulation Equipment

Squirrel cage blowers with electric motors or gasoline engines are superior
to blade-type fans for circulating air in fumigation chambers. There are
various types and sizes of blowers. In general, the principle upon which they
operate is much the same. A series of parallel, concave vanes are used to
propel air. They are enclosed in such a manner that the air they pick up can
only be expelled through an opening provided for the purpose. Incoming air
is channeled through a fixed opening. Air passing through the blower is
partially compressed and expelled with considerable force. The air that
supplies the blower is drawn in rapidly. Blowers must be mounted so that the
air is discharged above the top of the load. A duct should be attached to the
blower in such a manner that intake air must originate from beneath the loads.
It is possible to visualize the manner in which blowers move air in and around
commodities by realizing that the discharged air overfills the air space above
the load and is forced to go downward, wherever possible, through the load.
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The resultant push-and-pull effect causes air to move constantly through even
closely packed commodities.

In selecting blowers for fumigation chambers, it is important to consider
first the fumigant to be used. When using methyl bromide, blowers with a rated
cubic foot per minute output sufficient to recirculate the number of cubic feet
of air in the chamber about every four or five minutes may be used. If
ethvlene dibromide is to be used, more powerful blowers will be necessary
because the air in the chamber must be recirculated at least everv two minutes.
Blowers should be mounted near th: ceiling on the back walls of the chamber
whenever possible, although they may be mounted outside with air intake and
outlet ducts entering the chamber near the floor and the ceiling. If blowers
are mounted outside, it is extremely necessary that the duct work be perfectlv
tight; if not, outside air will be drawn in before it reaches the blower, or
air will be blown out between the blower and the chamber.

Sometimes an F.M.C. system, which has a blower mounted beneath the false
floor near the center of the room, is used. Air is discharged through an
upright air tube 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 unit
is highly satisfactory inasmuch as it not only circulates the air properly
but also eliminates possible chamber leakage.

If tall grain elevators require fumigation, a circulation system should be
installed. Generally, a closed system is required unless the entire structure
is fumigated at one time. These systems must be designed so they will be
adequate for the size of storage and the commodity stored (example: for
wheat, .025 cubic feet of air per minute per bushel should be circulated).
Circulation systems for large elevators should be designed for each establishment.

Aerating Fumigation Chambers

Free gas should be released and commodities aerated immediately following
fumigation. It is important to consider and protect human health at all times.
When a fumigation chamber is inside a packing house or any other enclosure
where workmen are likely to be present, intake amd exhaust stacks should be
provided. The exhaust stack must lead outside the building. The intake and
exhaust stacks should be opened after the fumigation exposure is completed.

The normal air circulation equipment in a chamber can be made to conduct air
from the chamber to the outside. When a chamber is outside a building, it mav
be aerated safely by opening the door slightly at the beginning of the aeration
period and turning the blower on. The door should be held in the partially
open position so it cannot accidentally close. Air discharged from the blower
should be vented to the outside of the chamber. If the door should accidentallv
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 15 minutes, but workmen should not enter
the chamber until it has been aerated for at least 30 minutes and checked with
a halide detector.
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When aerating loads under tarps, in buildings, or on still humid davs, an
opening should be made by lifting the tarp on the end opposite the blower and
discharging the fumigant with the blower through an opening near the blower.

If they are aerated in the open and u breeze is blowing, the end or side of the
tarp opposite the direction of the wind movement should be lifted first, then the
portion of the tarp on the windward side may be opened safely. If the first
opening is made on the windward side, concentrated gas will be forced backward
and may endanger operators. Occupants, other than fumigation operators, should
vacate buildings before tarps are aerated.
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SELF-HELP QUESTIONS

Now that you have studied this section, answer these questions. Write
the answers with a pencil without referring back to the text. When vou are
satisfied with your answers, see if vou are correct by checking them in the
text. Erase your answer and write in the correct answer if your first
answer 1is wrong.

1. How is the volume of a structure with a peaked roof computed for a
fumigation operation?

2. Hqw much time should elapse between aerating a fumigated structure and
entry of personnel into the structure?

3. Why should headspace be left above the commodity being fumigated in a
chamber?
L. What are some of the difficulties in properly fumigating underloaded chambers?
5. Why should fumigation chambers be equipped with means of circulating air?
6. Where should an air blower discharge its air within a fumigation chamber?

7. How does the FMC blower system work?

8. How should a fumigation chamber be aerated if it is located inside a
building?
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Fumigation chambers constructed of cement, cement blocks, or hricks mav
be made sufficiently tight by an application of cement and water if only
methyl bromide or cyanide is to be used as a fumigant: if wood is used, it must
be painted with an approved paint. If ethylene dibromide is to be used, false
floors and all inner linings, with the exception of sheet metal, must be given
two coats of gas-resistant paint or varnish. Floors, ceilings, and walls—
other than sheet metal—not sealed with vinyl plastic must be painted with at
least two coats of the approved paints or varnishes prior to use.

The doors are respdnsible for most of the leakage in fumigation chambers.
This can be prevented to a great extent by using straight material, larger
than usually used in the construction of door frames. The door should not be
larger than needed to accomodate loading of products, should be of double
thickness to minimize warping, and should be equipped with strong, sturdy hinges.
Two parallel strips of moulded rubber gaskets should be cemented on the door
facing so that when the door is shut they are compressed to 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 the hinges will become worn or sprung and the door may warp.

Tarpaulin Chamber

A method often used to confine fumigants is the tarpaulin. This may be
polyethylene film, plastic-coated nylon, or any other tarpaulin material that
is impervious to the fumigant. These tarpaulins can be moved to the fumigation
site where commodities, equipment, or vehicles can be covered and fumigated.
This type of fumigation enclosure conforms well to the load. It does not
require large amounts of gas to fumigate excess space because the air space
between the load and the tarpaulin is minimum. However, adequate head space
must be provided above the load.

Operators should realize that fumigation tarps are not in the same class
as tar-coated canvas or other water-resistant tarpaulins. Fumigation tarps are
quite expensive. They 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 necessary, and folded and tied.
If they are not well cared for, they will be torn or the plastic coating will
come off in areas that have been exposed to chafing. Injury of this type is
difficult to detect unless the tarpaulins are draped over poles, tent fashion,
and inspected from inside. Air leakage up to a certain point is permissible, but
beyond that point tarpaulins will not hold enough gas to kill insects.

When tarpaulins are used for fumigating commodities, the most serious loss
of gas may be caused by absorption in earthen floors or escape around the
bottom edges of the tarpaulin. Fumigation should be conducted on asphalt or
cement covered surfaces or tight wooden floors, if possible. Thin, expensive
plastic sheeting, laminated sisal-kraft paper, or lightweight roofing paper must
be used to cover leaky wooden floors or loose or sandy ground to prevent gas
penetration. The sheeting should cover the entire area intended to serve as a
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floor for the chamber. The sheets should be overlapped about six inches. Sand
on earth may be used to cover them to a depth of one or more inches as protect-
ion against punctures. Methyl bromide losses can be reduced by thoroughly
wetting uncovered earth prior to relcasing the gas. Much gas will enter sandy
soil, despite packing and wetting.

In order to prevent gas leakage around the bottom of the tarpaulin, it
is necessary to arrange the load so that at least two or three feet of the
tarpaulin is available to extend outward from the load and lie flat on the
surface. The surface should be smooth and even. An effective seal can be made
by pouring loose sand on the flat portion of the tarpaulin or bv using over-
lapping sand or water snakes, which are long cloth or plastic bags about 5 or 6
feet long and 3 or 4 inches in diameter, filled with sand or water.

Tarpaulins, regardless of how good they are or how carefully thev are used,
are only substitutes and should be used only when chambers are not available.
They have many objectional features. Even the best of them have many very
small openings that allow some gas to escape. They are thin and, since there is
no second wall to retain static air, the movement of outside air will cause them
to lose gas through any openings that may exist. When tarps are used and exposed
to sunlight, overheating may be encountered. Excessive heat may cause serious’
injury to plants or perishable commodities.

It is necessary to form a good seal between the bottom edges of the tarps
and the floor and it is also necessary to place empty crates, empty metal drums,
or other inert objects on top of each load to allow for adequate space to mix
air and gas. In effect, a fumigation chamber is built each time a tarp is used
and this is both time-consuming and expensive. In addition, more fumigant may
be required as some schedules require higher dosages for tarpaulin fumigations
in order to compensate for loss of gas. For the above reasons, permanent chambers
should be erected and tarpaulins should not be used in situations where repeated
or continuing fumigation is anticipated.

If regulatory fumigations are done under tarps. they must be checked with
T/C analyzers to be sure that the correct dosage has been applied and uniformly
distributed at the start, and to detect unusual leakage which often occurs
with these fumigations.

Vacuum Chambers

Vacuum fumigation chambers are less frequently used. They are commercially
built and must be able to sustain vacuum equivalent to 24.5 inches mercury.
Because of the strength and accessory equipment needed to sustain the required
vacuum, these chambers are expensive to build and equip and are generally
limited in size.

Before introducing the fumigant, the vacuum must be increased to the
required level. The mechanics of operating a vacuum fumigation chambur should
be supplied by the manufacturer building the chamber.
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Advantages of vacuum fumigation over atmospheric pressure fumigation are
that the exposure period is shortened, the fumigant will penetrate tightly
baled commodities more easily, and a check of the chamber is built into each
treatment. If the chamber is not tight it is impossible to draw and maintain a
vacuum. Finally, the amount of fumigant required is less because there is no

leakage.

Use of Railway Cars and Other Wheeled Carriers as Fumigation Chambers

Many boxcars, vans, and other wheeled carriers are unsuitable for use as
fumigation chambers due to the inability to contain the fumigant 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
inch masking tape is ideal for this purpose provided the surface on which it is
to be applied is clean and dry.

Fumigation in wheeled carriers is convenient in that the commodity 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 not remain behind
to infest the next load.

Railway companies are usually willing to permit fumigation in their equip-
ment. Whenever a railway car or wheeled van is used as a fumigation chamber
it should be checked for tightness prior to loading, if possible. Any
obvious leaks should be sealed. Any wheeled carrier that cannot be adequately
sealed should be covered with a gas tight 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 to move
until the fumigation period is completed. If they are moved, the vibration
caused by the moving ruptures the seal and the fumigant escapes. Appropriate
warning signs should be placed on main doors and hatches with instructions for
adequate ventilation before it is entered for inspection or unloading.

The two commonly 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.
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SELF-HELP QULESTIONS

Now that you have studied this section, answer these questions. Write

the answers with a pencil without referring back to the text. When vou are
satisfied with your answers, see if you are correct by checking them in the
text. Erase your answer and write in the correct answer if vour first answer

is

Ls

wrong.

What purpose does the outer wall of a permanent atmospheric pressure
fumigation chamber serve?

Where are air leaks most likely (o occur in an atmospheric pressure
fumigation chamber?

i |

What should be used to seal wood liners of an atmospheric fumigation chamber’
What types of material can be used to make a tarpaulin fumigation chamber?

Where do the most serious losses occur with a tarpaulin fumigation chamber?

Why are fumigation dosages higher in tarpaulin than in permanent fumigation
chambers?

What are the advantages of using a vacuum fumigation chamber?

Where should railway cars be placed for fumigation?



GREENHOUSE FUMIGATION

The term "fumigation' is commonly applied to the application of pesticides
as smokes, mists, or aerosols in greenhouses. These forms of application are
actually solid or liquid pesticides suspended in air and are not properly fum-
igants. Fumigants are pesticides that are effective as gases. They may be
formulated for application as solids (such as cyanide) or liquids (such as
methyl bromide), but it is the gas generated from the formulation that is the
active pesticide.

An advantage of a fumigant (gas) is that it penetrates through materials
and does not simply kill pests on the surface as do other types of pesticide.
This ability to penetrate, however, increases their hazard as fumigants can
move out of the treated area and threaten the surroundings. Do not use fumigants
in greenhouses when people could possibly be exposed to them. Be sure that
everyone is out of the area during fumigation.

Never use fumigants in greenhouses attached to dwellings.

Fumigants are used against insects and some diseases, nematodes, and even
weed seeds in greenhouse operations. The fumigants can also kill or injure
desirable plants if improperly used. Thoroughly analyze your need to use a
fumigant, check the recommendations on the label of the fumigants, select the
fumigant that fits your requirements, and use it exactly as detailed on the
label. Careless use of fumigants could result in serious damage to plants--
as well as threaten people.

PREPARING FOR FUMIGATION

Fumigants are fast acting and preparations must be made so that they can
be applied as safely and rapidly as possible. Some of the important points in
this preparation are:

¢ The fumigant itself.
Make sure that it is the proper fumigant for your use.
Carefully measure out the exact amount needed.

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

Check the proper temperature, moisture, wind, or other special features
that could affect the fumigationm.



® The area
Be sure that it is isolated from buildings whero people will be present.

Check that there ig equipment or facilities to ventilate the area tollowing
fumigation.

Carefully seal all cracks to reduce escape of the fumigant.
Remove all obstacles to a fast exit if needed.

Make sure that sensitive plants or objects that could be damaged by the
fumigant are removed from the area.

® Posting

Make provision to assure that no one can enter the area by locking it or
otherwise physically barring access.

Post warning signs just before starting the fumigation.

Remove the signs as soon as fumigation is complete and the area is safe to
enter.

® Safety

Obtain the safety equipment given on the fumigant label and practice its
use.

Set up the fumigant and the equipment so that the application can be done
swiftly and easily.

Start the fumigation at a point furthest from the exit and work toward rhe
éxit.

Always work with another person and keep each other in sight at all times.

Make sure that the entrance is secured and warning signs posted befora
you leave.

Use the equipment and Precautions indicated if you have to re-enter the
drea to vwentilate.

Do not allow People to enter the area until the full time for aeration
has passed.

FUMIGATING GREENHOUSE SOIL

Soil to be used in greenhouse benches can be fumigated prior to use to
free it of insects, nematodes, disease Spores and weed seeds. The soil *o be
fumigated should be dry and worked up to eliminate clumps. The fumigation can
be done outside or inside of a building. Adequate ventilation must be provided
if the soil is to be fumigated indoors. Temperature is ilmportant. Soil
temperature should be 68°F Or more and outdoor fumigation should not be
attempted during cool weather.



Every effort should be made to prevent escape of the gas during fumigation.
The soil should be placed on a gas proof tarpaulin or on a concrete floor. A
tarpaulin should also be used to cover the soil. Leave enough tarpaulin around
the edge of the soil to securelv seal the edges to the floor. Use soil,
boards, or a sand-snake to seal the cdges of the tarpaulin.

Follow the instructions on the label of the fumigant as tc the amount to
use, method of application, and the required times for effective fumigation,
ventilation, and aeration of the s0il] before use. Do not 'rush' the time as
it could expose you to the fumigant or leave a toxic residue in the soil. You
are urged to plan ahead on soil fumircation so that there is no temptation to
use the soil before the necessary aeration time has passed.

Not all soil fumigants are labeled for greenhouse use. Be sure to
use a formulation registered for that use.

FUMIGATING A GREENHOUSE

The presence of living plants and the open construction of greenhouses
make safe, effective fumigation in a greenhouse difficult. Be sure that all
sensitive plants, as noted on the fumigant label are removed from any possible
contact with the fumigant. The fumigant can be absorbed and retained on wet
plants. The exposed plants should be dry when fumigated. The house should be
sealed as tightly as possible prior to fumigation and all vents should be
tightly closed. Fumigation should be done when winds are low (less than 10 mph)
and when there is no rain nor fog.

The amount of fumigant to be used is determined by the capacity (in
cubic feet) of the greenhouse. The capacity is determined by multiplying the
length X width X average height of greenhouse. The average height is determined
by adding the height to the eaves to one-half the difference between the height
of the eaves and the height of the peak. Ignore any space occupied by benches,
soil, or other material inside of the greenhouse in determining the capacity.

Greenhouse fumigation should be done after sundown. The temperature should
be raised to 65°F to 95°F during the fumigation. Be sure to follow the amount
of fumigant to be applied and the necessary times for fumigation and ventilation
exactly as given on the label. An outside control for opening of the vents
is recommended where fumigation is to be frequently used. Use the safety
equipment specified on the label if you must enter the greenhouse to open the
vents. It is a good idea to he sure that the vents all operate easily before
the greenhouse is fumigated.



SELF-HELP QUESTIONS

Now that you have studied this section, answer these questions. Write
the answers with a pencil without referring back to the text. When vou are
satisfied with your answers, see if vou are correct by checking them in the
text. Erase your answer and write in the correct answer if your first answer
is wrong.

1. What are fumigants?

2. Can fumigants injure desirable plants?

3. What are some environmental conditions that could affect fumigation?
4. What should be done to reduce escape of the fumigant?

5. How soon before fumigation should warning signs be posted?

6. Where should you start the fumigation?

7. Can soil to be used in a greenhouse be fumigated outside?
8. What is the correct way to use a tarpaulin for fumigation?

9. Are all soil fumigants labeled for greenhouse use?

10. Should exposed plants be wet or dry?
11. Hpw can you determine the correct amount of fumigant to use in a greenhouse’

12. What is the best time of day to fumigate a greenhouse?



GRAIN FFUMIGATION

The Extension Bulletin E-1025a "Grain lFumigation,' available from
the County Agricultural Extension Oflice should be studied by those requir-
ing certification in grain fumigation. This section is intended as a

supplement to the information in the bulletin.

Liguid Grain Fumigants

Liquid grain fumigants are chemical formulations used to protect stored
grain from such insect pests as Angoumois grain moth, rice weevil, granarv
weevil, common cadelle, Indian meal moth, etc.

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

The choice of fumigant mixture and dosage should be based on various
factors involved in each storage condition. The type of insect, kind of grain,
temperature, moisture content, etc. must be considered. Specific guidelines
for grain fumigation can be obtained from The Dow Chemical Company, Midland,
Michigan 48640.

There are two basic methods of applying liquid grain fumigants:
1. Surface application with natural or gravity distribution.
2. TForced distribution with air recirculation equipment.

Surface application is the easiest and most convenient method, especially
where small quantities of grain are stored. The fumigant is spraved uniformlv
in coarse droplets over the top surface of the grain mass. As the fumigant
vaporizes, the vapors are carried throughout the grain mass by convection
currents. Distribution is obtained both by these fumigant laden air currents
ahd the sorption of the fumigant on the grain kernels.

Forced distribution of liquid grain fumigants by air recirculation equip-
ment 1s a relatively new development. The fumigant is applied above the grain
surface in the finest droplets possible while fans are moving air through the
grain. Vaporization of the fumigant is obtained, using the heat available
from the grain. Because of the mechanical means for moving the fumigant-air
mixture through the grain, the fumigant should consist of ingredients having
the lowest sorption rates. The advantages of this method are rapid distri-
bution of the fumigant, low sorption rates of fumigant, more efficient use of
fumigant, and rapid removal of fumigant after exposure period is complete.



Fumigation of Crain in Bulk

One of the most important considcerations in the fumigation ol bulk grain
is the diversity of structures used for storage. The shape, size, and tvpe of
construction create special problems in achieving and maintaining the gas
concentrations required. Grain storage units are usually broadly classified
for fumigation purposes as follows:

1. Upright (vertical) storage. In tnis type the height is greater than
the length or width.

2. Flat (horizontal) storage. One dimension, either length or width, 1is
greater than the height.

3. Farm type bins and storage units.

Direct mixing of the fumigant is used in vertical storage situations.
The fumigant is applied to the grain so that it is distributed as evenly as
possible from the beginning of the treatment. This method is often used when
infestation is general throughout the mass and there is access to the grain
stream as the infested grain is being run into a storage for the first time or
is being transferred from one bin to another. Only liquid or solid type fumi-
gants are used in this way. This is a simple method because good results can
be obtained if the application is done by hand.

The Surface Application Method is used in flat storage situations and
utilizes liquid type fumigants. The liquids are sprayed evenly over the top
surface of the grain. The vapors slowly evolve and diffuse downward through the
grain. Under modern conditions this method is usually used only when the grain
cannot be turned or in an emergency situation.

In Farm Storage Fumigation the gas-tightness of the structure is an
important factor because the bulk grain is not large enough in itself to retain
vapors once leakage begins. Steel, concrete, or tight wooden structures are
usually satisfactory. Most wooden storages are leaky and it is advisable to
line the floor and walls on the inside with stout roofing paper. Avoid
fumigating in windy weather.

The best way to apply liquid fumigant to small storages is by spraving the
surface from the outside of the building with the aid of a stirrup pump.
Some liquid fumigants, such as chloropicrin, are supplied in one pound cans. In
some applications it is convenient to puncture the cans, invert them, and thrust
the opening about six inches below the surface. Aluminum phosphide tablets
have also proved promising for the treatment of small storages. '

Piles of grain, large or small, may be treated by surface application in
any of the ways described above. However, only partial kills may be expected
if the grain is not covered with a gas-tight tarpaulin either before or
immediately after the application of the fumigant.



Treatment of localized areas in a grain mass is often a useful technique
for dealing with incipient infestations. These "spots' are usuallv recognized
and defined by a local rise in temper:iture. Liquid type fumigants applied
through tubes or aluminum phosphide tablets are the best materials to use.

The application of fumigants to large masses of grain in various tvpes of
structures involves considerable amounts of fumigants. Under these conditions
safety measures are of prime importance. Only fully trained operators should
be entrusted with these fumigations. The operators must be fully protected
at the time of application. This is c¢specially important when using liquid
fumigants. Proper ventilation of the working space where the materials are
being applied is necessary. Other persons working in the vicinity must be

warned that a fumigation is in progress.
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SELF-HELP QUESTIONS

Now that you have studied this section, answer these questions. Write
the answers with a pencil without referring back to the text. When vou are
satisfied with your answers, see if you are correct by checking chemlin the
text. Erase your answer and write in the correct answer if your first answer

is wrong.

1. What are the two basic methods of applying liquid grain fumigants?

2. What are the three broad types of bulk grain storage units?

3. How are fumigants applied to bulk grains in the surface application method?

4. How are '"spots' in bulk grains recognized?
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PESTIBII]E EMERGENCY INFORMATION

For any type of emergency involving a pesticide,
Information Centers should be contacted immediately for assistance.

Current as of March 1991

HUMAN PESTICIDE POISONING

(Please post in an appropriate place)

the following Emergency

<

SPECIAL PESTICIDE EMERGENCIES

Eastern Half of Michigan

3901 Beaubien

Detroit, M1 48201

within the Detroit city proper:

*(313) 745-5711
within the 313 area code:

*1-800-462-6642
Poison Control Center
Children’s Hospital of Michigan

Statewide

Western Half ofMlchzgan

w1thm the Grand Rapids city proper
*(616) 774-7854

*1-800-632-2727

Blodgett Regional Poison Center
Blodgett Memorial Medical Center

1840 Wealthy, S.E.
Grand Rapids, MI 49506

Upper Peninsula oszchzgan

within the Marquette city proper:

*(906) 225-3497

Upper Peninsula only:

*1-800-562-9781

U.P. Poison Control Center

Marquette General Hospital
420 West Magnetic Street
Marquette, MI 48955

Cooperative Extension Service
Michigan State University
Extension Bulletin AM-37

PESTICIDE EMERGENCY
INFORMATION:

Revised by Larry G. Olsen,

Pesticide Education Coordinator,
Michigan State University.
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AnimalWPoisoning

Your personal veterinarian:

and/or

Animal Health Diagnostic Laboratory (Toxicol-

ogy), Michigan State University:

(517) 355-0281

Pesticide Fire

Local fire department:

and

Fire Marshal Division, Michigan State Police:

(517) 322-1924

Traffc Acczdém;

Local police department or sheriff’s department:

and

Operations Division, Michigan State Police:

*(517) 336-6605

Envzronmental Pollutlon

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 i

* Telephone Number O perated 24 Hours
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