
723 

FUMIGATION AS PART OF AN INTEGRATED PEST MANAGEMENT PROGRAM 

E. ]. Bond 

Research Centre, Agriculture Canada 

University Post Office 

London, Ontario, Canada, N6A 5B7 

The prevention and control of pest organisms in grain is achieved by a 

nUfl1ber of policies and procedures that are employed in food storage systems. 

Careful planning in the design of storage and handling facilities, so that 

infestation is impeded or prevented, is of great importance. Any ·p.eculiarity 

of the system that might allow the introduction and increase of pest 

organisms not only endangers the quality of the product but it can also allow 

cross Contamination and undermine the integrity of an entire pest control 

program. Facilities that are amenable to sanitation and disinfestation 

prOcedur:es are likely to be most beneficial to food storage and handling 

sYStems. Best results may be a ttained by careful integration of a 11 the 

proCedures that will prevent contamination, suppress development or eliminate 
pest Organisms. 

Fumigation is a widely used procedure that has served an important role 
in p est control prog rams for many years. As fumigants can penetrate into 

materials to eradicate pest organisms, mainly insects, from sites where no 

other form of pest control is feasible, they are invaluable agents for use in 

food · preservation programs. The continued utility of fumigants is dependent, 

no.t only on their penetrating properties and effectiveness as pest control 

agents, but also on the introduction of new and adaptable procedures that 

will meet the demands of an ever-changing food storage technology and on 

safety procedures that will allow them to be used without harm to human 

bein-gs. Safety measures, both for workers handling fumigants and for 

conSUmers eating treated products, must progress to meet the requirements of 

present day health standards. Although a great amount of research has been 

done .on f~migants and much information is available on their effectiveness, 

considerably more information is required to fully exploit the potential 

a PPlicano~s of. these materials for pest control and to ensure that they are 

used with· minimal hazard to man. Continued acceptance of the fumigants by 

health authorities and the general public is dependent on such information. 
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CURRENT STATUS OF FUMIGANTS AND FUMIGATION 

Fumigants are one of the oldest groups of pesticides in use today.They 

have been employed on a commercia I scale for the treatment of grain a nd 

other commodities for over 100 years. There are on:y a few chemicals that 

have the appropriate properties to be fumigants and even fe we r that are 

suitable for use in treatment of food materials. Of :r'e variety of compounds 

that have' been tested over the years, less than a dozen have been 

extensively used as fumigants and r.1any of these have very li mited 

applications ; two compounds, methyl bromide and phosphine have proven t o 

be particularly suitable for many different kinds of fumigation treatments 

and are still extensively used. 

Because the statistical possibilit i.e s of finding suitable, sma ll molecul e 

compounds, that have not been tested already are very remote, the fumigants 

that we now have are about the only ones that are likely to be available in 

the future. This means that the future of t1'. '= f umigation tec hnique is 

dependent on a very s mall number of chemicals a nd no substitutes are like l y 

to be found. Furthermore, the continued acce ;l tance of these few chemicals is 

dependent on whether or not the necessary research wi 11 be c atried out to 

provide the information needed for them to be :.:sed according to modern 

health standards. 

Hazards and Safety Precautions 

Fumigants are toxic to man as well as to insects and a ny exposure 

before, during or after a fumigation treatment can be harmf ul to human 

beings. Safety from occupational hazards and from contaminat ion of food has 

become a matter of increasing concern in the utilization of fumig a nts for 

treatment of food materials. The need for i mp roved safety me asures ha s 

become more evident as new technology for detection and analysis has bec ome 

available and as new information on the toxic h azards of. fumig an ts revealed. 

Both the applicator that uses fumigants and the cons umer that eats trea ted 

goods must be protected from pot e nt ially harmful exposures . Reg ulatory 

agencies must move to provide gUidelines that will a de quately cope wi th th ese 

occupational and residue problems. 

Occupational haza rds for personnel that handle the toxic gases fa il into 

two categories - acute and chronic hazards. The acute effects of fumiga nt s 

have long been known a nd appropriate precautions are usually taken to avoid 

them. If proper care is taken, work with fum ig ant s is no more hazard o us 

th?-n any other indus t ria l or domestic technique that uses potentially harmful 

. chemicals. Chronic or long-term effects, which may result from overdose to a 

single exposure of a toxic gas or from repeated e xposure to low levels ove r a 

period of time, are less evident. The effects may not apppear until long aft er 

http:possibiliti.es
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exposure to the fumigant has taken place and, in some cases, they may not 

be easily associated with it. Chronic effects may take the form of injury to 

liver, kidneys or other organs or tissues or there may be ·other delayed 

effects. Some of the fumigants have the ability to produce cancer in animals 

under experimental conditions and it is believed that they may be potential 

carcinogens for hum ans . Ac ryloni trile, carbon tetrachloride, ethylene 

dibromide, ethylene dichloride and ethylene oxide are a 11 "suspected" 

carcinogens (ACGIH, 1981, National Cancer Inst. 1978). Consequently, 

threshold limit values have been reduced to very low levels and instructions 

for their use have been ''revised accordingly, to reduce the hazards. 

Residues of fumigants in food materials have also taken on increasing 

importance as awareness of their presence in food has come a bout. New 

instruments and new methods of analysis that can detect and measure 

residues dow'n to low ranges of parts per billion or less have indicated the 

occurrence of residues that were previously unsuspected. Consequently the 

setting of meaningful tolerance levels has become extremely difficult. 

Acceptable daily intake studies for degradation products and, in some cases, 

for unchanged fumigant are incomplete and often lacking. Also the 

toxicological significance of exposure to low levels of fumigants or their 

residues for extended periods is not known. Authorities are reluctant to set 

tolerance levels for residues, particularly carcinogens where the long term 

effects have not been determined. 

With the ultra-sensitive methods of detection that are now available, the 

possibility of fumigating a commodity without leaving some residue that can 

remain undetected is remote. The question of health hazards cannot be 

resolved until the toxic effects of these residues have been determined. For 

fumigants that are suspected carcinogens, the question of health hazards is 

further complicated by the dearth of knowledge of the cancer-causing process. 

The possible cumulative effects of repeated exposure to ultra-low levels of 

carcinogens are not known. Consequently the hazards brought about by 

exposure to very low levels of suspected fumigant carcinogens cannot be 

predicted. Further developments in the field of cancer research will be 

n~eded, along with additional toxicological data and new developments in 

safety procedures to adequately cope with this problem. 

Health Standards for Fumigants 

For the protection of human beings from the toxic effects of airborne 

substances, such as fumigants, threshold limit values have been established. 

These ,(alues are based on the best available information from industrial 

experience, from experimental human and animal exposure and, when 
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possible, fran a carbinat ion of the three. In recent years threshold I imi t 

values for many of the fumigants have been reduced to make allowance for 

known or suspected toxicological effects (Table 1). 

Table 1. Threshold limit values for fumigants as listed by the Ameris: a n 

Conference of Governmental Industrial Hygienists (ACGIH) in 1964 

and 1981. 

TLV 

1964 1981 

Acryloni t ri Ie
1 

Carbon d i sulph ide 

Carbon tetrach l oride2 

Ethylene dibromid/ 

Ethylene dich l oride 

Ethy l ene OX ! ' d 2 e 

Methyl Bromide 

20 

20 

10 

25 

50 

50 

20 

2 

10 

5 
( )3 

15 

5 

5 

1 'Listed by ACG1H (1981) as "human carcinogens" 

2 	 Listed by ACGIH (1981) as "industrial substances suspect of carcinogenic 
potential for man" 

3 	 No value assigned beca us e of insufficient information 

While threshold ~ i m : t values are believed to allo w adequa t e protection 

for customary working situations, i. e. an 8 hour day and 40 hour week, they 

do not apply to other situations. For fumigation treatments where personnel 

may be e x pos,:,d ·. f 9.r ,ronge'r periods of time acceptabl e thr'es hold values have 

not been establis h ed and the criteria for arriving at such values have net 

been developed. 

In one extensively practised fumigation procedure, i.e. "in transit" ship 

fumigation, personnel are confined in close proximity to the fumigated areas 

for continuous and extended periods of time. If current standards for health 

safety are to be followed it is e s sential that appropriate threshold limit 

values should be establi s hed to cover such situations. Health authorities 

state that established thre s hold limit values based on intermittent exposures 

cannot be transposed nor related directly to continuous prolonged exposures. 

The toxico l ogical effects re s ulting form prolonged exposure could be very 

different from short intermittent exposures. New information on long te r m 
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dose-effect relationships is needed to establish meaningful tolerance values 

for these treatments. Also adequate methods for monitoring the low 

concentrations of fumigant occurring in such circumstances will be required 

to meet current health criteria. 

Even the data on the toxicity and toxicology of f umigants that we have 

a t present is inadequate as measured by present day health standards. Since 

fumigants were first used as pesticides in times when knowledge of the 

hazards of chemicals to human health was far less advanced than it is today, 

the requirements for health standards were less demanding. Fumigants were 

registered in those bygone times and are still being used without the 

information that is presently required for the approval of new pesticides. 

Regulatory agencies are faced with the dilemma of either by- passing 

legislative requirements to give continued approval for the fumigants or of 

de-registering invaluable materials that cannot be replaced. 

A review and re-registration process is now underway in Canada and the 

United States to bring the fumigants in line wi th the health safety standards 

set for other pesticides. For this re-registration a considerable amount of 

toxicological data, that is presently unavailable, will be needed to establish 

apropriate safety regulations. The question of how to obtain the necessary 

data and who should underwrite the cost is a difficult one to resolve. 

Because of the high cost of gathering toxicological data that will meet 

present d'ay standards, because of the limited markets for fumigants and 

because most of the fumigants can no longer be covered by patents, chemical 

manufacturers are reluctant to i nvest large sums of money i n these materials. 

The benefits derived from the information would, however, be shared by users 

of fumigants through the world as well a s by the manufacturers and 

suppliers. 

This seems to be an area where an international co-operative effort 

would be invaluable. If several national governments could combine their 

efforts, together with the appropr i ate industries, to finance , such an 

operat,ion and carry out the research, the information could be obtained 

without excessive burden on anyone group. 

The lack of essential data on fumigant tox icology could jeopardize the 

development of realistic health standards and might imperil the future 

approval of fumigants for use on food mat,eric.ls. Regulatory authorities could 

be forced into the position of banning useful materials because of the fear of 

harmful effects. It would be unfortunate if some of the f um ig ants were lost 

simply because the required toxicological data were unavailable. 

http:mat,eric.ls
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Detection and Analysis of Fumigants 

Although many new possibilities for rapid detection and analYSis of 

fumigants have become available through modern technology, the development 

of methods that will fill the needs of fumigators and public health offiCials 

has been slow. For several fumigants practical methods that wi ll give 

instantaneous readings of concentration of the gas in air are not available. 

For instance there are no quick, easy and inexpensive methods for rapid 

detection of fumigants such as ethylene dibromide, ethylene dichloride and 

chloropicrin. For other fumigants like carbon tetrachloride, carbon 

disulphide, hydrogen cyanide, ethylene oxide and phosphine, where 

procedures using glass detector tubes or indicator tapes are available, 

analysiS is somewhat cumbersome, often limited in range and the lower limits 

of detection are barely adequate. Even for the fumigants phosphine and 

methyl bromide, the lower . limits of detection with glass detector tubes (0.1 

and 3 ppm respectively) are just below the TLV of 0.3 and 5 ppm and 

consequently the margin of safety is minimal. 

Some instruments that have been widely used in the past, such as the 

halide leak detector, are now considered to be inadequate to meet the 

demands of present day health regulations. The halide leak detector has 

given valuable service to fumigators, over a long period of time, 

particularly, for the fumigant methyl bromide. It is light-weight, economical 

and easy to use and it gives an instantaneous response when fumigant is 

present. It is invaluable as a detector for locating leakage of hal ide 

fumigants from treated areas a nd for rapid warning against toxic 

concentrations of these compounds. However, it is not sufficiently sensitive to 

detect the low concentrations that are now established for health p r otect io n . 

For methyl bromide, the instrument will show a response for concentrations 

down to 10-20 ppm but it will not detect the gas at the presently established 

TLV of 5 ppm. Therefore the halide leak detector shouid not be used as an 

indicator to declare a reas safe for re-entry of personnel. 

Fumigants in the atmosphere can be detected and analysed wi t h 

great precision with equipment like gas chromatographs. A new instrument 

(Fig. 1) designed for field use and one that is portable, easy to use and has 

a high degree of sensitivity over a wide range of concentrations and dow n to 

ultra low levels has come on the market recently (Barker and Leveson, 1980, 

Bond and Dumas 1982, Dumas and Bond. 1982). This instrument is capable of 

giving rapid and reliable analysis of methyl bromide, phosphine, ethylene 

oxide and ethylene dibromide in parts per billion range and it can be 

adjusted to analyse the high concentrations used for insect control. An infra 

red analyser that will analyse fumigants over the range of concentrations 

used for insect control is also available (Webley et al 1981). 
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Figure 1. 

Portab l gas chrom tograp h for meas uri ng low co n entrations f f um iga n ts a ( 

TLV l evels and the h Ig h conc n crat lo n s used i n f mig tion . 

A number of new devices tha t a re bei ng dey lo ped for monito ri ng 

exposure o f indiv i.d uals to tox ic gases (McC mm n 1 79) may h ve potenti 1 

v.a lue for- personnel using fum ig nts. They a re s mall , light- we igh t nd c a n b 

l oea ted i n the i.mmediate bee th i ng a rea of the wo k . A whol e- i r s mple r 

k now n as "cr itical orif ice person al sampler" h s been tested successfully for 

d numb r f years and 's availa ble eommerically . Several passive mon itors 

that collec t sample s o n a collec t ion medium are becoming avail ble . A 

pac.k~ t-stze g 5 ch romatograp h t h t wi I I p rov id r ea l- t ime wa rni ng to ac ut e 

expos ures nd will ccu mula te a \·!orkees 8- h t ime wei.g h ted BV Lage exposure 

i s in t h e developing tages . 
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Methods of analysis for residues of fumigants in food materials have 

progressed to the stage where very minute quantities of compounds can be 

detected and measured. Information on many of these methods may be found in 

the following references: Alumot and Bielorai, 1969, Bielorai and Alumot, 

1975, Dumas 1973, 1978, 1980, Dumas and Bond 1975, 1977, 1979, Faira~l and 

Scudamore, 1980, Heuser and Scudamore 1968, 1969, 1970, Jagielski et al 1978, 

Majumder et aI, 1965, Monro, 1969, Scudamore and Heuser, 1971, Stijve 1977. 

Some information is available on reaction products and the nature of residues 

remaining in food after fumigation, however, much more research is required 

to fully assess the significance of fumigation residues to human health. 

As more knowledge about the long term hazards of fumigants becomes 

available and as new methods and equipment for detecting and meas·uring 

concen trations of fum igants, both in the environment and as residues in food 

materials, are developed, the whole procedure of fumigation can be made 

much safer. All of the facilities of modern technology should ':::>e employed to 

achieve this objective. 

Effectiveness of Fumigants in Controlling Insects 

The toxicity of fumigants to insects is influenced b~ environmenta~ 

factors, partic ularly temperature, and by the innate characteristics of the 

i'nsects themselves. Much information has been pub lis hed concerning the 

toxicity of various fumigants to stored product insects. In general it can be 

said that tolerance varies considerably amongst different species of insects 

and, even within a species, various stages and condi t ions of the insects may 

exhibit a range of tolerances. LD and tD99 values for most of the fumigants
50

have been established for most species, particula rly for the stages of t h ese 

insects that are easiest to obtain and treat. Un fortuna te ly the stages that are 

difficult to procure for experimentation (often eggs and pupae) are the ones 

that are most difficult to control d:1d toxicity data f0r these s~ages are 

lacking. 

The effectiveness of fum igants on insects can alSO be altered by other 

characteristics of thE' insects. Certain stages of some species enter a state of 

diapause in response to extreme env:ronmenta1 conditions (Howe 1962) and 

ths alters their tolerance to fumigants. For insects in this state, tolerance 

to methyl bromide and phosphine may be several times greater than for non 

diiipausing insects (Bell 1977a, b). 

Protective narcosis can also be a significant factor in fumigant toxic ity . 

If. insects are exposed to sublethal concentrations or to excessively high 

concenttations at the beginning of a treatment they may go into a depressed 

state where the fumigant is less effective than it would be at norma lly 

recommended concentrations. The tolerance of insects to [he fumigant 
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phosphine at concentrations in excess of 0.5 mg/ 1 may increase considerably 

above that which occurs at low concentrations of 0.005 and 0.5 mg/l (Winks 

1974a). This makes insec t pop ul ations more difficult to control. 

Several species of stored product insects have the ability to develop 

resistance to fumigants. Research has shown that strains of insects resistant 

to methyl bromide and phosphine can be easily produced in the laboratory 

(Monro et al. 1972, Winks 1974b, Bond and Upitis, 1976). In a global survey 

Champ and Dyte (1976) found resistance to both methyl bromi de and phosphine 

in wild populations of insects in widely scattered areas of the world. In 

collections of 849 stra i ns of insects from 82 countries, 5% had some resistance 

to methyl bromide and 10% to phosphine . It was concluded from this survey 

(which was made in 1972-73) that resistance to fumigants was, as yet, limited 

in extent and often a t margina l levels, but that it was of some consequence 

as it posed a real threat to the future use of fumigants as control agents. 

Considering the facts that (a) further resistance has probably developed in 

diverse populations of stored product insects since the survey was made some 

10 years ago, (b) the number of fumigants approved for use is declining (c) 

the few fumigants remaining are being used with increasing frequen c y, ,he 

future utility of fumigants will be very limited unless appropriate means are 

developed to counteract resistance. 

The significance of insect resistance to fumigants can be determi.ned b e s t 

by continual monitoring of insect populations for tolerance. Comprehensive 

surveys such as that carried out by Champ and Dyte (1 976) are n eed ed 

periodically to estimate the magnitude and gravity of the problem. Much 

research is required to understand the bas ic mechanisms of resistance a nd to 

design ,effective countermeasu r es to cope wi th resi st a nt p op u latio n of i n sects. 

Information on the charac te ris tic s of the resistant insects - the to let-ance o f 

different stages of a species, the tendency of different stag es to de velop 

resistant traits, cross resistance to other pesticides, bioche mical mec hanisms 

conferring resistance, as well as genetic and behav i o ura l feature s, are 

necessary to develop comprehensive methods to co pe wi th resistance on a 

rational basis. 

Properties of Fumigants 

Although much is known about the properties of fumigants, more 

information is needed to use t hem most effectively and safely. For example, 

sufficient information on flammability and stability of some compounds and on 

possible relij.tionships between fumigation and dust exp l osio n s is not 

available. \'lith the fumigant phosphine, data on flamma bil ity are meager 

the influence of temperature and pressure stability of the molecule under the 

variety of conditions t'hat exist in fumigation milieu have not been defined. 
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For many years phosphine was not recommended for use in recirculation 

systems in grain storages for fear of explosion or fire that might occur if the 

fumigant was subjected to a bnormal pressures. Recentl y practical trials wit h 

the fumigant have shown that treatments using a low-flow recirculation 

technique can be carried out successfully (Cook 1980). The interstitial air of 

a grain mass is slowly displaced with fumigant-air mixture so that the 

fumigant is not exposed to appreciable changes in pressure. In this way it 

can be uniformly dispersed in a few hours to inc 'rease the e ffi cacy of the 

treatment. However, essential information on the parameters related to 

stability, flammability and explosion hazard of the compound is lacking. The 

pressure limits to which phosphine can be subjected without danger of fire or 

explosion, the influence of temperature (in the ranges found in grain 

storages) on the stability molecule and the possible influence of other factors 

as dusts, moisture and other gases on the reaction must be determined if th e 

technique is to be used wi th complete confidence. 

Concern also has been expressed over a possible connect i on between 

grain dust explosions and fumigant in grain. Some tests have given evidence 

to suggest that there may be significant interactions between fumiga nt 

vapours and explosible dusts. Tests with a non-flammable mixture of carbon 

tetrachloride and carbon disulphide showed that the explosible concentration 

of commercial flour dust could be lowered appreciably by the fumigant 

(Atallah, ' 1979). However, anothe·r investigation with three fumigant mixtures 

containing carbon tetrach loride and ethylene dichlori d e or carbon diSulp h i de 

showed that there was no increase in the severity of grain d u st explosions 

and in some cases the vapours actually suppressed the explos ion (Tait et aI, 

1980) . 

The uncertainty about any connection between fum igation and dus t 

explosions will remain u ntil further information is available. In the mea ntime 

due precautions against creating a hazardous combination of circumstances 

may be warranted, particularly with' fumigants that have re la t i vely low 

flammability limits. 

Another problem sometimes encountered with fumigants concerns corrosion 

of metals. Phosphine reac ts avidly with the metal copper and sorr.etimes 

causes considerable damage to copper components of eqUipment exposed to it. 

Very little information on this problem is available. Some experiments ca r ried 

out in our laboratory recently 'have prOVided some data on the reaction and 

have shown that anticorrosive agents can reduce the effects of the fumigant 

toa very low level (Bond et a 1, 1984). Here again more research is required 

on the ' chemistry of the reaction to provide a rational basis for counteracting 

the effect. 
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FUMIGATION AND PEST MANAGEMENT PROGRAMS 

Fumigation is just one of a number of methods that can be used for 

controlling pests in stored products. Best control is likely to be obtained 

when all appropriate measures are taken to eliminate pest organisms. In an 

effective pest management program, methods of prevention and control are 

integrated to give maximum protection of goods at the lowest possible cost. A 

number of other procedures that have been found effective in preventing and 

controlling infestations are as follows: 

1. Sanitation. 

2. Exclusion of pests. 

3. Low temperature - "freeze-outs", refrigeration, aeration. 

4. High temperature - heating of mills. 

5. Moisture control - grain drying. 

6. Aeration cooling, drying, elimination of temperature gradients. 

7. Protectants - chemicals, inert dusts, natural compounds. 

8. Residual insecticide sprays. 

9. Atmospheric gases - carbon dioxide, nitrogen. 

10. 	 Gamma radiation, radio and sonic waves, microwaves, infrared 

rad iation. 

11. 	 Pbe romones. 

12. 	 Insect growth regulators. 

13. 	 Insect pathogens. 

14. 	 Predators. 

15. 	 Insect resistant packaging. 

16. 	 Resistant varieties. 

An effective integrated pest management system should begin with 

comprehensive planning to include all aspects of the problem, followed by the 

application of appropriate preventative and control methods. For example, the 

planning of pest management for a commodity like farm-stored grain may be 

divided into five major categories: 

1: Exclusion of the pest organism. 

2. Inspection procedures. 

3. Good housekeeping and sanitation. 

4. Physical and mechanical control. 

5. Chemical control. 
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Infestation problems can often be reduced by careful planning " sQ th a t 

the possibilities of pest organisms reaching the commodity will be minim~zed. 

Location of the storage relative to sources of infestation is important as well 

as quality of the structure. Well built storages with a minimum of sites where 

debris can accumulate and insects develop are desirable. Other features of 

the storage that should be considered include - facilities for conditioning 

su~h as aeration systems or driers, provision for proper inspection and 

cleaning and appropriate facilities fo r pest control procedures. An effective 

pest management program may include the following steps: 

1. 	 Use of sound structures for storage of commodities. 

2. 	 Maintaining clean conditions around storages. 

3. 	 Removal of residues of grain or o ther material from storage faci lity 4 to 

6 weeks prior to storing newl y harvested produce. 

4. 	 Spraying of storage with approved residual insecticide after removal of 

food residues. 

5. 	 Storage of commodity in a condition suitable for optimum st r a g e e.g. 

grain is best stored at low moisture levels. 

6. 	 Treatment with appropriate insecticide protectant at time of storage may 

be desirable. 

'7. 	 Use of aeration or other procedures to cool grain and maintain uniform 

. temperatures below those favourable for development of pest organisms. 

8. 	 Regular inspection to determine: 

(a) 	 evidence of insect ac tivity or the development of micro-orga nisms 

(b) 	 accumulation of mo i sture 

(c) 	 changes in tempera t ure 

9. 	 If insects are detec ~ ed grain should be fu migated; where field 

infestation occurs grain should be fumigated within 6 weeks after 

harvest. If micro c'r.sanisms are developing, f ..lrther drying may be 

required. 

Several fumigation techniques may be combined or incorporated with 

other practices such as controlled atmosphere techniques or aeration and 

drying procedures. Some information on the potential usefulness of combining 

fumigants with carbon dioxide has already been ob t ained ( Calderon and 

Carmie 1973, Jones 1938, Kashi and Bond 1975). The toxicit y of fumigants may 

be greatly enhanced by combination with treatments where the insects have 

be6'n weakened by exposure to carbon dioxide or to an anoxic atmosphere. The 

use of . fumigants in conjunction with aeration procedures has yet to be 

exp lored. 
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By careful planning and management, fumigation may be incorporated 

into food preservation systems so that fumigants can be used more effect i ve ly 

and safely than when used independently. They should never be used as a 

substitute for sound management and good sanitation procedures The benefits 

derived can include: reduced cost of storage with improved food quality, 

reduced residues in food materials, greater occupational safety and less 

environmental contamination. All of these benefits are o f grea t concern to t h e 

general public and will be factors that have to be taken i n to consideration in 

the future use of fumigants. The ultimate goal in t he controi of pests in 

stored products should be to so improve the methods of handling, storing and 

processing commodities, that the need for pesticides will decrease. However, 

the protection of grain from the ravages of pest o!"ganisms, particularly 

insects, will still depend o n the judicious 1.;Se of fumigants for many years in 

the future. New approaches t o effective fumigant utilization can only come 

through intensive investig ation of all the factors that relate to insect 

control. To date, research on fumigants has trailed far behind other 

developments in science and technology and users of furni g a:'lts have failed to 

make maximum use of research data and technological innova '::.ons. Hopefully 

increased effort will be made in the future to provide and to employ the 

necessary information and instrumentation, so that these valuabl e materials 

can be utilized with greatest efficacy in comprehensive pest management 

programs. 
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