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Fumigation — The Few Remaining Compounds

With theforthcomingwithdrawal of methylbromice (MB), thefield of fumigationwill

lack the compoundof first choicefor anamazinglywide spectrun of operatims rangirg
from pregant soil treatmets to quaantinetreatmenif freshfruit, fumigation of sheeted
bag stacksof duréble food commodties, spacefumigation of food-pracessingfacilities,
fumigation of premisesagainststructuralpestsand fumigation of transprt. A previous
editorial hasdiscussedomeof the optiors underinvestigation(15). For soil, the largest
volumeuseof MB, awide vaiiety of cultural andphysicalpracticesncluding development
of soil-lessmedia,applicationof organicamendnents,solarizationandsoil steamingare
likely to replaceMB, togetherwith the increaseduse of chemicalcocktailscomprisirg
methy isothiog/anate-relesing compunds, fungicidesand/orliquid fumigant mixtures
of chlorpicrin and 1,3-dchloropropere. This move away from gasesnto the realm of
physicalmethals,volatilesandspraysamguablyseegheendof truefumigationin thisarea.
In otherareassomealternatve gasesare availableandindeedMB itself may persistfor a
while for useasa quaratine or pre-shipnentcontrd measure Becauseof difficulties in
establishinghew standard for intermationalquaratine reguationsin the shortterm,these
usesare currently exenpt from the controlsof the Montreal Protocol,the United Nations
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Environmen Progranme (UNEP)-smpnsorectreaty on ozore-depletig chemicalswhich
listedthefumigantin 199. Phase-ot of all otherusesof MB is scheduledor 200 in all
developed(Article 2) countriesandin 2015 in all developing(Article 5) courtries.

Methyl bromide will join a long list of fumigantsthat were withdravn in the last
quarte of the 20th Centurybecauseof conceris over toxicdogy, safety of application
or the formationof toxic residues.Only two compaindshave the poteriial to remainin
widespreadise:phcsphine usediodaymainlyonbulk cerealsanddurablestoredprodicts,
andsulfuryl fluoride, usedprindpally for contwol of structual pestsbut now undegoing
registration for somefood uses.Many othercompmunds have beenconsideed for useas
fumigantsat onetime or anotter andsomearestill beinginvestigated.Carboryl sulfideis
unde considertion for registration for useon grainin Australia(2). Sorptian of carbayl
sulfideby wheatis verylow, storedcerealontainnatura levelsof thegasandmamméan
toxicity is low. The fumigantis highly penetréive and hasshowvn actiity againstmary
stored-poduct pests. Cyanagenis uncer consideation as an alternatie grain fumigant
andsterilantin Australia. It hasbeenpaterted for this use. Ethyl formateis alsouncer
investigationin Australiafor reinstatememasa fumigant for grain. It is still in usein some
courtriesfor treatmenof driedfruit, particularlyduringpackagng, andalsofor processed
cerealproducts. Methyl iodide has propertiessimilar to MB asto efficacy but is more
expersive to synthesizelt is unde consideationasanalterndive to MB for useon soil in
the USA, andalsofor useon storedproducts(10,16). Methyl isothiog/anate introduced
over 40 yearsagoasa nematicia, hasmorerecenly beenfound to be effective against
grain weevils andthe codling moth (9). The compaund is, however, highly sorbel on
grain. Methyl phasphinehasbeeninvestigatedn the UK asaneffedive courtermeasieto
phosghineresistancelt hasspecificactionagainstphosphine-esistanstrains,beingmore
toxic to thesethanto susceptiblestrains but againhasa shorthalf-life oncommalities(8).

With or without MB, fumigationwill remainanimportarn contrd measurén the food
industryfor the treatmenbf incoming raw materials eitherbefae leaving the courtry of
origin or on arriva atthe docksidebeforedistribution. It is the primarycontrd procalure
appliedon discovery of infestationin bulk commalities in storeor during transpot, and
for whole-sitetreatmentf food-processingpremisesFor effective applicdion, fumigation
reliesonachiezing aneffective sealonthebulk comnodity or building to betreated Plastic
enclosues are in usefor baggedproducts, either as ready available kits with zip seals
(1114) or astentsconstrieted andglue-sealean site (1). Polyethyeneis oftenusedas
fumigation sheetingbut bettergasretentionis obtainedwith nylon or PVC materialsor
laminateq6).

For most fumigants, dosa@s are expressedas conceiration time (Ct) products. A
particula Ct product, derived from a gas concatration level in g m—2 multiplied by
time of exposurein hous, gives a similar level of kill whetheror not a higheror lower
concettration (and correspondig shorteror longer exposureperiod)is emplo/ed. Some
fumigants,suchasphasphine however, requile aninitial periodto gainaccesgo cellular
chemistryandcommaencetoxic action,andin this casetime of exposureis more important
thanconcetrationin contrikuting to overall efficacy (3,5). Furthernore, with phasphine
thereis awide differerce betweerinsectdevelopmenal stagesn tolerarce,andin tolerant
stageslevelopmeri proceelsunde gas.Hence the efficacy of longerexposuresis further
enhawcedwhenthe exposurespansatolerantstage.

For all fumigantsthe gasconcetration appliedandretainedmustexceeda minimum
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level for aneffective treatmentFor bothtime of exposureandcorcentrationtheminimum
levelsto starttoxic actionarestrondy influercedby temperatte (4,5). At highe tempea-
turesmetabdism is fasterandthe conentrationlevel thatcanbe metabdized or excluded
from the site of toxic actionis greaterthanthatat lowertempeatures.

Themore specifica pesticideis in action,the greaterthe prospectfor the develgpment
of resistance pecausdf the treatmeh leaves somespeciesor stagesunafected,then
mechaisms must exist that render the chemicis mocde of action ineffective. Most
fumigants have beenregarded as nonspecificin their mode of action but it shoud be
rememleredthatresistanceo onefumigant, hydrogencyanide, app@redvery earlyin the
moden historyof chenical contrd (13). Todaythereis a problemof widespred resistance
to phosghine. The naturalspectrunmof tolerarce to a toxicart is an excellentindicatorof
the potentialfor resistanceo develop amongpestspecies. Phosphie hasa very wide
spectrunof toxicity amorg insectspeciesandeven asmentiored abose, amongstageof
the samespeciesandactsspecificallyvia the oxidative cycle for enegy production (7).
High levelsof resistancéo thefumigant phosgine have beenidentifiedin seseralspecies
of stored-podud beetlepestsfrom partsof Africa andthe Indiansubcontient, following
frequent misuseof the fumigantin corditions of poa gasretention (12,16). Therehave
beencontol failuresattributalde to this resistanceShortfumigationperiads (e.g. lessthan
3 days)emplgying low concentrationsof phosghine at high ambier tempergures,provide
the ideal corditions for insectresistanceo develop. Saleof phosplne formuationsis
largdy unrestricted especiallyin developingcourtries. It is importart for high standards
of product stevardshipto be introducedfor fumigantsto avoid misuseandthe spreadof
resistance.

Althoughtheability to fumigatecomnoditiesandstructuesis muchrelieduponin ev-
ery cowntry, themarletsizein ary onecounty or stateis very smallfrom thepersgctive of
themultinagionalchemicamandactures. Eachcourtry hasits own registrationprocedures
andacceptabl@laily intake levelsandmaxinum residudevels may differ from county to
courtry, togetherwith mary otherdatarequirenents. The costof registrationof a new
active ingredientcan thus prove prohibitive for a particularmarket. The storedprodict
andfood sectoris furthemorevery muchsubdvided on a comnodity basis requrements
differing betweencommalities and products. Although this prodem hasbeenforeseen
governmeits have geneally not provided suppat for minor useareasandasregistratins
of fumigantslapseor are withdravn, no replacemets are forthcaning. Unlessurgent
actionis takenit maybetoo late to avoid mary gags appeaing in the pestcontrd armogy

for awide rangeof prodicts.
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