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Fumigation – The Few Remaining Compounds

With theforthcomingwithdrawal of methylbromide(MB), thefield of fumigationwill
lack the compoundof first choicefor anamazinglywide spectrum of operations ranging
from preplant soil treatments to quarantinetreatmentof freshfruit, fumigationof sheeted
bagstacksof durable food commodities, spacefumigation of food-processingfacilities,
fumigation of premisesagainststructuralpestsandfumigation of transport. A previous
editorialhasdiscussedsomeof the options underinvestigation(15). For soil, the largest
volumeuseof MB, awidevariety of cultural andphysicalpracticesincluding development
of soil-lessmedia,applicationof organicamendments,solarizationandsoil steaming,are
likely to replaceMB, togetherwith the increaseduseof chemicalcocktailscomprising
methyl isothiocyanate-releasing compounds, fungicidesand/orliquid fumigant mixtures
of chloropicrin and1,3-dichloropropene. This move away from gasesinto the realmof
physicalmethods,volatilesandspraysarguablyseestheendof truefumigationin thisarea.
In otherareassomealternative gasesareavailableandindeedMB itself maypersistfor a
while for useasa quarantine or pre-shipmentcontrol measure. Becauseof difficulties in
establishingnew standards for internationalquarantine regulationsin theshortterm,these
usesarecurrently exempt from thecontrolsof theMontrealProtocol,theUnitedNations
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Environment Programme (UNEP)-sponsoredtreatyon ozone-depleting chemicalswhich
listedthefumigantin 1992. Phase-out of all otherusesof MB is scheduledfor 2005 in all
developed(Article 2) countriesandin 2015 in all developing(Article 5) countries.

Methyl bromide will join a long list of fumigants that were withdrawn in the last
quarter of the 20th Centurybecauseof concerns over toxicology, safetyof application
or the formationof toxic residues.Only two compoundshave the potential to remainin
widespreaduse:phosphine,usedtodaymainlyonbulk cerealsanddurablestoredproducts,
andsulfuryl fluoride, usedprincipally for control of structural pestsbut now undergoing
registration for somefood uses.Many othercompounds have beenconsidered for useas
fumigantsat onetime or another andsomearestill beinginvestigated.Carbonyl sulfideis
under consideration for registration for useon grainin Australia(2). Sorption of carbonyl
sulfideby wheatis verylow, storedcerealscontainnatural levelsof thegasandmammalian
toxicity is low. The fumigant is highly penetrative andhasshown activity againstmany
stored-product pests. Cyanogen is under consideration as an alternative grain fumigant
andsterilantin Australia. It hasbeenpatented for this use. Ethyl formateis alsounder
investigationin Australiafor reinstatement asa fumigant for grain.It is still in usein some
countriesfor treatment of driedfruit, particularlyduringpackaging, andalsofor processed
cerealproducts. Methyl iodide haspropertiessimilar to MB as to efficacy but is more
expensive to synthesize.It is under considerationasanalternative to MB for useonsoil in
theUSA, andalsofor useon storedproducts(10,16). Methyl isothiocyanate, introduced
over 40 yearsagoasa nematicide, hasmorerecently beenfound to be effective against
grain weevils and the codling moth (9). The compound is, however, highly sorbed on
grain.Methyl phosphinehasbeeninvestigatedin theUK asaneffectivecountermeasure to
phosphineresistance.It hasspecificactionagainstphosphine-resistantstrains,beingmore
toxic to thesethanto susceptiblestrains,but againhasashorthalf-life oncommodities(8).

With or without MB, fumigationwill remainanimportant control measurein thefood
industryfor thetreatmentof incoming raw materials,eitherbefore leaving thecountry of
origin or on arrival at thedocksidebeforedistribution. It is theprimarycontrol procedure
appliedon discovery of infestationin bulk commodities in storeor during transport, and
for whole-sitetreatmentof food-processingpremises.For effectiveapplication, fumigation
reliesonachievinganeffectivesealonthebulk commodityorbuilding tobetreated. Plastic
enclosures are in usefor baggedproducts,either as readyavailable kits with zip seals
(11,14) or astentsconstructedandglue-sealedon site (1). Polyethyleneis oftenusedas
fumigation sheetingbut bettergasretentionis obtainedwith nylon or PVC materialsor
laminates(6).

For most fumigants,dosages are expressedas concentration time (Ct) products. A
particular Ct product, derived from a gas concentration level in g m � �

multiplied by
time of exposurein hours, gives a similar level of kill whetheror not a higheror lower
concentration (andcorresponding shorteror longer exposureperiod)is employed. Some
fumigants,suchasphosphine,however, require aninitial periodto gainaccessto cellular
chemistryandcommencetoxic action,andin this casetimeof exposureis more important
thanconcentration in contributing to overall efficacy (3,5). Furthermore,with phosphine
thereis awidedifferencebetweeninsectdevelopmental stagesin tolerance,andin tolerant
stagesdevelopment proceedsunder gas.Hence,theefficacy of longerexposuresis further
enhancedwhentheexposurespansa tolerantstage.

For all fumigantsthegasconcentrationappliedandretainedmustexceeda minimum
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level for aneffectivetreatment.For bothtimeof exposureandconcentration, theminimum
levelsto starttoxic actionarestrongly influencedby temperature (4,5). At higher tempera-
turesmetabolism is fasterandtheconcentrationlevel thatcanbemetabolized or excluded
from thesiteof toxic actionis greaterthanthatat lower temperatures.

Themore specifica pesticideis in action,thegreatertheprospectfor thedevelopment
of resistance,becauseif the treatment leaves somespeciesor stagesunaffected, then
mechanisms must exist that render the chemical’s mode of action ineffective. Most
fumigantshave beenregarded as non-specific in their mode of action but it should be
rememberedthatresistanceto onefumigant, hydrogencyanide,appearedveryearlyin the
modern historyof chemical control (13). Todaythereis aproblemof widespread resistance
to phosphine. Thenaturalspectrumof tolerance to a toxicant is anexcellentindicatorof
the potentialfor resistanceto develop amongpestspecies. Phosphine hasa very wide
spectrumof toxicity among insectspeciesandeven, asmentionedabove,amongstagesof
the samespecies,andactsspecificallyvia the oxidative cycle for energy production (7).
High levelsof resistanceto thefumigant phosphinehavebeenidentifiedin severalspecies
of stored-product beetlepestsfrom partsof Africa andtheIndiansubcontinent,following
frequent misuseof the fumigant in conditions of poor gasretention (12,16). Therehave
beencontrol failuresattributable to this resistance.Shortfumigationperiods(e.g. lessthan
3 days)employing low concentrationsof phosphineat highambient temperatures,provide
the ideal conditions for insectresistanceto develop. Saleof phosphine formulations is
largely unrestricted,especiallyin developingcountries. It is important for high standards
of product stewardshipto be introducedfor fumigantsto avoid misuseandthe spreadof
resistance.

Althoughtheability to fumigatecommoditiesandstructuresis muchrelieduponin ev-
erycountry, themarketsizein any onecountry or stateis verysmallfromtheperspectiveof
themultinationalchemical manufacturers. Eachcountry hasitsownregistrationprocedures
andacceptabledaily intake levelsandmaximum residuelevelsmaydiffer from country to
country, togetherwith many otherdatarequirements. The costof registrationof a new
active ingredientcan thusprove prohibitive for a particularmarket. The storedproduct
andfoodsectoris furthermoreverymuchsubdividedon a commodity basis,requirements
differing betweencommodities andproducts. Although this problem hasbeenforeseen,
governments have generally not providedsupport for minor useareasandasregistrations
of fumigants lapseor are withdrawn, no replacements are forthcoming. Unlessurgent
actionis takenit maybetoo lateto avoid many gaps appearing in thepestcontrol armory
for awide rangeof products.
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