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FUTURE BULK GRAIN BIN DESIGN NEEDSRELATED TO SEALING FOR
OPTIMUM PEST MANAGEMENT: A RESEARCHER'SVIEW

M.E. CasadhandR.T. Noyes:*
!EngineeringReseath Unit, U.S.Grain Marketing& ProductionReseath Center Manhattan KS
66502,USA;?BioSystem& Agricultural Engineering OklahomaStateUniversity, Stillwater OK
74078[*e-mail: nron@okstatedu]

For decadesl).S.grainelevatorshave experiencedumigationfailuresin steelbinsdue
to inadequatesealingof the bins. At the presenttime, U.S. grain bin manufcturersdo
not sell binswith sealkits asstandarcequipmeni&andnot all manugcturershave adequate
kits to sealthe bin wall paneljoints. Aerationanddrying fans,corveyors, and sidewall
accesgdoors are not designedfor insectexclusion and are difficult to sealadequately
Researchhas shovn that the headspacén steel bins should not be completelysealed,
exceptduring fumigationor CA/IMA treatment,asthis can createstoragedamageif the
grain managerdoesnot monitor the grain adequately However, U.S. grain elevators
and farmersshouldbe able to purchasebins with baseand sidevalls that are sealedor
‘sealable’. Steelbin roofs shouldbe designedo excludeinsectsandallow movementof
freshair throughthe headspacehut which canbe quickly sealedduring bin treatments.
Newly constructedsealedbins shouldbe capableof meetinga U.S. bin sealingstandard
(notyet developed).Researclalsoindicatesthereare otherstoragedesignimprovements
thatshouldbeincorporatednto the standardbin design.For example,white paintedbins
keepgrain coolerandflat bottombins canbe madeself-cleaningusingadvancedaeration
systemdesigngo eliminateinsectharborage# the bottomof future steelbins.

FUTURE BULK GRAIN BIN DESIGN NEEDSRELATED TO SEALING FOR
OPTIMUM PEST MANAGEMENT: A MANUFACTURER'SVIEW

H.L. Towne
Brodk ManufacturingCompanyMilford, IN 46542-2000JSA[e-mail: htowne@ctbinc.com]

Small-scaleorrugatedyrainbinshave beenadequatelgealedat PurdueandOklahoma
StateUniversitiesfor usein research. Actual full-scale corrugatedbins have also been
adequatelysealedin pistachiofacilities in California. The challengeto accomplishthis
in normal grain facilities is to corvince the userof the needto spendthe extra money
andto train the commercialbin erectorin the propermethod. Specialventsmustalsobe
designedo keepthe fumigatorsfrom having to sealthe ventsmanually In the future,
U.S. bin manufcturerswill be challengedto provide bins with accessorykits that will
provide completesealingto hold a reasonablgaslevel for PH;, CO, or othermodified
gasatmospheresBuyersshouldalsobe able to purchasestock’ bins that will exclude
insectsfrom entry (insectbarriersat fans, corveyors, accessdoors, eases, vents, roof
junctions, peaksand conveyor entry points). Thus, new researchs neededto develop
IPM methodsn tightly sealedbinswith possiblechangesn aerationtechnologyfor early
control of insects. New eave andfill-point sealingandroof ventingtechnologythat can
exclude insectswill be requiredto maintainadequatéheadspaceair exchangethat will
preventexcessmoisturecondensatiomn the underneattsidesof bin roofs, with resultant
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dripping on the grain surface. Researcthasshavn that galvanizedsteeldoesnot reflect
solarradiationasefficiently aswhite bin coatings.Work in the future may needto focus
on more reflective sidevall androof coatings. Self-cleaningaerationfloors would also
improve grainstorability by removing graindockageandforeign materialthatinsectsfeed
onunderfalsefloorsorin aerationducts.

FUMIGANT CONFINEMENT AND HALF-LOSSTIMESIN FOOD INDUSTRY
STRUCTURESAND SHIPPING CONTAINERS

B.M. Schneidef:* R.E.Williams? andMichelle S. Smitht
! Dow AgroSciencedndianapolis,IN 46268,USA[*e-mail: bmstineider@dowgro.com]; 2Dow
AgroSciencedvloorpark,CA93021,USA

Fumigantdosagesre calculatedusing the formula concentrationx exposuretime =
dosagdg hm~3). Fumigantostfrom thefumigationatmosphereease$o contrituteto the
accumulatinglosage Therateof fumigantlossduringtheexposures representedshalf-
losstime (HLT) in hours. The morequickly fumigantescape$rom the confinedarea,the
shorterthe HLT. Resultsfrom studiesn which fumigantlosswasmonitoredfrom a variety
of food industry structuresindicatedthat tape & seal confinementproceduresachieved
relatively shortHLTSs, generallylessthan20 h, while tarpingincreasedHLTs severalfold.
HLTs within untarpedmulti-story mills werenot consistenticrossfloors, the upperfloors
generallyhaving shorterHLTs thanthelowerfloors. HLTs alsovariedduringthe exposure
time, dueto externalenvironmentalchangesA possiblefumigationefficiency stratey in
comple mills is to isolatefloors, dosingeachfloor basedon its HLT. Dueto the apparent
similarity in constructionof shippingcontainersfumigantconfinementwas predictedto
be consistentlyhigh. Resultsof monitoringa seriesof containersumigatedwith sulfuryl
fluoride, however, revealeda wide rangeof HLTS, from ~ 4 to > 80 h, mostlikely dueto
differencesn thegaspermeatiorqualitiesof thewoodenfloorsin thecontainersKnowing,
or predictingHLT accuratelyis critical to fumigation cost-efectiveness.Understanding
sealingoptionsandthe associatedostsandbenefitsenableghe knowledgeabldumigator
and customerto preparethe mostappropriatefumigation managemenplan. Improving
fumigantconfinementmakeseconomicsensevhenadditionallaborandmaterialcostsfor
sealingarelessthanthe costof usingmorefumigant.

FUMIGATION PRACTICESIN FOOD PROCESSING PLANTS: STRIVING FOR
‘BEST PRACTICES THROUGH IMPROVED EFFICIENCIESWITH
SULFURYL FLUORIDE

R.E.Williams,!* S. PrabhakarahandB.M. Schneidet
!Dow AgroSciences.C, Moorpark,CA 93021,USA[*e-mail: rewilliams@dowaro.com]; 2Dow
AgroScience&L C, Plainfield, IN 46168,USA;3D0WAgroSciencesLC, Indianapolis,IN 46268,
USA

The food processingndustry facesnew challengesas a long-time pestmanagement
commodity-fumigantfavorite, methyl bromide (MB), is phasedout. Many of the wide
varietyof MB useshave alreadybeernreplacedvith alternatve pestmanagemergtrateies,
while mary otherscontinueunchangedAmong alternatie stratgiesto MB area limited
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numberof otherfumigants,onebeingsulfuryl fluoride, developedby Dow AgroSciences.
Ongoingfield trials areconductedo improve the efficiency of fumigationthroughbetter
gasintroduction and structuresealingtechniques. Four yearsof researchfumigations
of empty food processingplants have shavn that relatively simple enhancementsn
gasintroduction proceduresand structuresealingtechniquescan resultin considerable
improvementsin shorteninggasintroductiontimes and lengtheninggasretentiontimes.
This resultsin an increasein fumigant efficiency through equal or better insect pest
efficacy usinglessfumigant. In casestudiesof monitoredsulfuryl fluoride fumigations
of emptyfood processinglants,with efforts to achiese bestfumigationpracticesyesults
have demonstratethe following improvementsn gasefficiency: (a) > 50%reductionin
gasintroductiontimes; (b) 1.5- to 8-fold increasein gasretention;(c) > 70% decrease
in variation of gasretentionacrossstructures;(d) nearly 80% decreasen variation of
gasconcentrationgcrossstructuresand (e) accumulatiorof 44—66%greaterCt dosages
with 27-36%lessfumigant. Thesekinds of fumigationimprovementsare critical to the
continuedviability of fumigationasatool in stored-producgpestmanagemerprogramsof
thefuture.

PHOSPHINE FUMIGATION FAILURESIN CONCRETE SILOSIN THE
SOUTHWESTERN U.SA.

R.T. Noyes; J. SubbiahJ.T. Criswell, M. ToewsandT. Phillips
BioSystem& Agricultural Engineeringand Entomol@y & Plant Patholagy Dept.,OklahomaState
University (OSU),Stillwater OK 74078,USA[*e-mail: nron@okstatedul]

Fordecaded).S.grainelevatorshave experiencedumigationfailuresin concretesilos
with dosagesppliedby automaticpelletmachineswhile turning grainfrom full to empty
silos. Using dispenserghat place pellets uniformly in grain, was the ideal traditional
concretesilo fumigation method. Randomconcretesilo fumigation failures have not
arousedheinterestof USDA or universityresearcherdn themid 1990s.aU.S.phosphine
manufcturerconductedield testson four siloswith gassamplingtubesat 0 (headspace),
20, 60 and 117 ft from the surface,to identify causef failure. Resultswere startling.
Uniformly dosedsiloslostmostof theirgasin lessthan48h. Siloswith pelletshandapplied
in the bottomhalf of the silo maintainedjaslevelsbeyond 72 h. Headspaceeadingswere
very low in all tests.The apparenfailure causevaswind currentsthroughsilo underroof
exterior wall ventsthat suckgasout. In 1999-20000SU researcherstudiedsealedvs
unsealedconcretesilos, samplinggasat 0, 25, 50, 75 and 100% of silo depthsduring 7-
daytests. Sealinginvolved sealingunderroof exterior vents,roof (fill andvent)andbase
openings(corveyors, hatchesetc.). All testtreatmentancluded minimum commercial
recommendetkvelsof PH; for concretesilos. Pelletswereappliedautomaticallwshand-
placedin batchesat the bottom 1/4, 1/2 and 3/4 of the grain. Weatherconditionswere
documentedby OSUMESONET Headspacegaslevelswerelow in all unsealeailos. Gas
readingsin all unsealedins decreasedapidly at all levelsin automaticallydosedsilos,
but moreslowly atall in-grainlevelsin hand-dosedilos. Generallyall readingsverevery
low after7 days.Gaslevelsremainedhigherin sealedsilos, regardlesof dosagenethod.
Someleakageoccurredin sealedsilos throughcracksbetweenroof decksandirregular
sidavall surfaces.Sealingof silo underroof exterior wall ventsmakesa major difference
in efficacy duringPHs fumigationin concretesilos. Furthersealingof theroof deckto silo
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wall crackmayonly addminor gaslevel improvementsput mayhelp excludeinsectsfrom
silo headspaces.

VALIDATION OF MODELSFOR CONTROLLED ATMOSPHERE GASLOSS
FROM BOLTED-STEEL GRANARIES

D.S.Jayas,* N.D.G.White}2 M.G. Peck andW.E. Muir!
! Dept. of Biosystem&ngineering University of Manitoba,Wnnipeg, MB R3T5V6, Canada
[*e-mail: digvir_jayas@umanitoba.caf Cereal Researh Cente, Agriculture and Agri-Food
CanadaWnnipeg, MB R3T2M9 Canada

Predictingthelossof CA gas(COy) from metalgrainbinscausedy wind, temperature,
and chimney effectswill improve the efficiengy and effectivenessof CA fumigation of
storedgrain. Two publishedmathematicainodels(LawrenceBerkeley Laboratory[LBL]
and Banksand Annis [BA]) were evaluatedfor their ability to predictgasloss from a
galvanizedsteel grain bin (5.56 m diam x 6.60 m height). Experimentaltestswere
conductedo provide validationdatafor the models. The effective leakageareas(ELA)
of the empty bin were determinedusing fan pressurizatiortestsfor the bin. A CO,-
impermeablelastic sheetwas attachedo the insidewall at 2.5 m above the floor. This
excludedtheupperhalf of thebin includingtheroof, resultingin anELA of approximately
7.69cn?. Whenthebin containedvheat,theLBL modelover-predictedhewind effectby
an averageof five timestherate of the measuredjaslosseqCO,, introducedasdry ice).
The predictedeffect of temperatureon gaslosswaswithin 1% of the rate from the bin.
Errorin predictionamaybebecausé¢heshieldingandterraincoeficientsusedin themodel
do notaccountfor thedirectionof the prevailing wind andaresubjectie for eachbin site.
Also, overestimatiorof the ELA would causssignificantdifferencedetweerpredictedand
experimentaldata. Predictingthe rate of gaslosscausedyy wind with the BA modelwas
difficult becaus¢hemodelwassensitve to anunknown pressureoeficient. Thepredicted
gaslossrate for the bin due to the chimney effect was 15 times the experimentalrate.
Furtherexperimentalstudiesare neededo separatehe wind, temperatureand chimney
effectssothatthemodelscanbeimprovedfor estimatinggasleakagdosses.

CRITICAL LIMITS OF SEALING FOR SUCCESSFUL APPLICATION OF
CONTROLLED ATMOSPHERE OR FUMIGATION

S.Navarrd-* andJ.L. Zettler?
! Dept. of Stoed Products Agricultural Reseash Organization,TheVolcani Center BetDagan
50250, Israel [*e-mail: vtshlo@netvision.net.il?Horticultural CropsReseath Laboratory,
USDA-ARS Fresno,CA 93727, USA

A fundamentalrequirementfor the successfulapplicationof gaseougdreatmentsto
control stored-productnsectsis a well sealedstructure. A flexible fumigation structure
(marketedas ‘Grain Pro Cocoon’ or ‘Volcani Cube’) of 7.5 m? capacitythatis usedfor
outdoor storageof stacled commoditieswas usedto demonstratehe critical limits of
the degreeof sealingusing the variable pressurdest. Time in minutesfor the half-life
pressuredecaywas correlatedwith daily ventilation ratesof Oy, CO,, phosphineand
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methyl bromide (MB). The ventilation rateswere testedusing different sizesof cross-
sectionleak areaswith orificesof 1.6,3.2and6.4 mmi.d. To evaluatethe influenceof
temperaturen the rate of gasexchangethe cubewastestedwhenit wasundercover by
providing shadingto minimize the directsolarheatingeffect, andwhenit wasexposedto
directsolarheating. O, infiltration ratefor modifiedatmospheresias0.5 0,% day ! at
5 min half-life pressuradecaywhenthe chambemvasundershade.For the samelevel of
gastightnessgaslosswas 0.8 0,% day—! whenexposed. CO, lossratewas 2% day!

at5 min half-life pressurelecaywhenthe cubewasundershadeand3% day—' whenthe
cubewasexposed.Lossrateof PH; from the cubefor the shadedtonditionswas100ppm
day~! ata3-min half-life pressuralecaytime. A sealingequivalentto a 4.5 min half-life

pressuralecaytime was requiredwhenexposed. The MB lossrateof 1.0g m—3 day!

wasequivalentto ~ 5 min half-life pressurelecaytime. At thetime testswerecarriedout
with MB, ambienttemperaturelifferenceswere not large enoughto shav differentloss
ratesbetweerthe shadedandthe exposedcube.
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