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FUTURE BULK GRAIN BIN DESIGN NEEDS RELATED TO SEALING FOR
OPTIMUM PEST MANAGEMENT: A RESEARCHER’S VIEW

M.E. Casada
�

andR.T. Noyes
��� �

�
EngineeringResearch Unit, U.S.Grain Marketing& ProductionResearch Center, Manhattan,KS
66502,USA;

�
BioSystems& Agricultural Engineering, OklahomaStateUniversity, Stillwater, OK

74078[*e-mail: nron@okstate.edu]

For decades,U.S.grainelevatorshaveexperiencedfumigationfailuresin steelbinsdue
to inadequatesealingof the bins. At the presenttime, U.S. grain bin manufacturersdo
not sell binswith sealkits asstandardequipmentandnot all manufacturershave adequate
kits to sealthe bin wall paneljoints. Aerationanddrying fans,conveyors,andsidewall
accessdoorsare not designedfor insectexclusion and are difficult to sealadequately.
Researchhasshown that the headspacein steelbins shouldnot be completelysealed,
exceptduring fumigationor CA/MA treatment,as this cancreatestoragedamageif the
grain managerdoesnot monitor the grain adequately. However, U.S. grain elevators
and farmersshouldbe able to purchasebins with baseand sidewalls that are sealedor
‘sealable’. Steelbin roofsshouldbe designedto excludeinsectsandallow movementof
freshair throughthe headspace,but which canbe quickly sealedduring bin treatments.
Newly constructedsealedbins shouldbe capableof meetinga U.S. bin sealingstandard
(not yet developed).Researchalsoindicatesthereareotherstoragedesignimprovements
thatshouldbe incorporatedinto thestandardbin design.For example,white paintedbins
keepgraincoolerandflat bottombinscanbemadeself-cleaningusingadvancedaeration
systemdesignsto eliminateinsectharboragesin thebottomof futuresteelbins.

FUTURE BULK GRAIN BIN DESIGN NEEDS RELATED TO SEALING FOR
OPTIMUM PEST MANAGEMENT: A MANUFACTURER’S VIEW

H.L. Towne
Brock ManufacturingCompany, Milford, IN 46542-2000,USA[e-mail: htowne@ctbinc.com]

Small-scalecorrugatedgrainbinshavebeenadequatelysealedatPurdueandOklahoma
StateUniversitiesfor usein research.Actual full-scale corrugatedbins have also been
adequatelysealedin pistachiofacilities in California. The challengeto accomplishthis
in normal grain facilities is to convince the userof the needto spendthe extra money
andto train thecommercialbin erectorin the propermethod.Specialventsmustalsobe
designedto keepthe fumigatorsfrom having to sealthe ventsmanually. In the future,
U.S. bin manufacturerswill be challengedto provide bins with accessorykits that will
provide completesealingto hold a reasonablegaslevel for PH� , CO� or othermodified
gasatmospheres.Buyersshouldalsobe able to purchase‘stock’ bins that will exclude
insectsfrom entry (insectbarriersat fans, conveyors, accessdoors, eaves, vents, roof
junctions,peaksand conveyor entry points). Thus, new researchis neededto develop
IPM methodsin tightly sealedbinswith possiblechangesin aerationtechnologyfor early
control of insects. New eave andfill-point sealingandroof ventingtechnologythat can
exclude insectswill be requiredto maintainadequateheadspaceair exchangethat will
preventexcessmoisturecondensationon theunderneathsidesof bin roofs,with resultant
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dripping on the grain surface. Researchhasshown that galvanizedsteeldoesnot reflect
solarradiationasefficiently aswhite bin coatings.Work in the futuremayneedto focus
on more reflective sidewall and roof coatings. Self-cleaningaerationfloors would also
improvegrainstorabilityby removing graindockageandforeignmaterialthatinsectsfeed
on underfalsefloorsor in aerationducts.

FUMIGANT CONFINEMENT AND HALF-LOSS TIMES IN FOOD INDUSTRY
STRUCTURES AND SHIPPING CONTAINERS

B.M. Schneider,
��� �

R.E.Williams
�

andMichelleS.Smith
�

�
Dow AgroSciences,Indianapolis,IN 46268,USA[*e-mail: bmschneider@dowagro.com];

�
Dow

AgroSciences,Moorpark,CA93021,USA

Fumigantdosagesarecalculatedusingthe formula concentration	 exposuretime =
dosage(ghm 
 � ). Fumigantlostfromthefumigationatmosphereceasesto contributeto the
accumulatingdosage.Therateof fumigantlossduringtheexposureis representedashalf-
losstime (HLT) in hours.Themorequickly fumigantescapesfrom theconfinedarea,the
shortertheHLT. Resultsfrom studiesin which fumigantlosswasmonitoredfrom avariety
of food industry structuresindicatedthat tape& sealconfinementproceduresachieved
relatively shortHLTs, generallylessthan20 h, while tarpingincreasedHLTs severalfold.
HLTs within untarpedmulti-storymills werenot consistentacrossfloors,theupperfloors
generallyhaving shorterHLTs thanthelowerfloors.HLTsalsovariedduringtheexposure
time, dueto externalenvironmentalchanges.A possiblefumigationefficiency strategy in
complex mills is to isolatefloors,dosingeachfloor basedon its HLT. Dueto theapparent
similarity in constructionof shippingcontainers,fumigantconfinementwaspredictedto
beconsistentlyhigh. Resultsof monitoringa seriesof containersfumigatedwith sulfuryl
fluoride,however, revealeda wide rangeof HLTs, from � 4 to � 80 h, mostlikely dueto
differencesin thegaspermeationqualitiesof thewoodenfloorsin thecontainers.Knowing,
or predictingHLT accurately, is critical to fumigationcost-effectiveness.Understanding
sealingoptionsandtheassociatedcostsandbenefitsenablestheknowledgeablefumigator
andcustomerto preparethe mostappropriatefumigationmanagementplan. Improving
fumigantconfinementmakeseconomicsensewhenadditionallaborandmaterialcostsfor
sealingarelessthanthecostof usingmorefumigant.

FUMIGATION PRACTICES IN FOOD PROCESSING PLANTS: STRIVING FOR
‘BEST PRACTICES’ THROUGH IMPROVED EFFICIENCIES WITH

SULFURYL FLUORIDE

R.E.Williams,
��� �

S.Prabhakaran
�

andB.M. Schneider��
DowAgroSciencesLLC, Moorpark,CA93021,USA[*e-mail: rewilliams@dowagro.com];

�
Dow

AgroSciencesLLC, Plainfield,IN 46168,USA;


Dow AgroSciencesLLC, Indianapolis,IN 46268,

USA

The food processingindustry facesnew challengesasa long-time pestmanagement
commodity-fumigantfavorite, methyl bromide(MB), is phasedout. Many of the wide
varietyof MB useshavealreadybeenreplacedwith alternativepestmanagementstrategies,
while many otherscontinueunchanged.Amongalternative strategiesto MB area limited

46S CAF



numberof otherfumigants,onebeingsulfuryl fluoride,developedby Dow AgroSciences.
Ongoingfield trials areconductedto improve the efficiency of fumigationthroughbetter
gas introduction and structuresealingtechniques. Four yearsof researchfumigations
of empty food processingplants have shown that relatively simple enhancementsin
gas introductionproceduresand structuresealingtechniquescan result in considerable
improvementsin shorteninggasintroductiontimes and lengtheninggasretentiontimes.
This results in an increasein fumigant efficiency through equal or better insect pest
efficacy using lessfumigant. In casestudiesof monitoredsulfuryl fluoride fumigations
of emptyfood processingplants,with efforts to achieve bestfumigationpractices,results
have demonstratedthefollowing improvementsin gasefficiency: (a) � 50%reductionin
gasintroductiontimes; (b) 1.5- to 8-fold increasein gasretention;(c) � 70% decrease
in variation of gasretentionacrossstructures;(d) nearly 80% decreasein variation of
gasconcentrationsacrossstructures;and(e) accumulationof 44–66%greaterCt dosages
with 27–36%lessfumigant. Thesekinds of fumigationimprovementsarecritical to the
continuedviability of fumigationasatool in stored-productpestmanagementprogramsof
thefuture.

PHOSPHINE FUMIGATION FAILURES IN CONCRETE SILOS IN THE
SOUTHWESTERN U.S.A.

R.T. Noyes,
�

J.Subbiah,J.T. Criswell,M. ToewsandT. Phillips
BioSystems& Agricultural Engineering, andEntomology & PlantPathology Dept.,OklahomaState

University (OSU),Stillwater, OK 74078,USA[*e-mail: nron@okstate.edu]

For decades,U.S.grainelevatorshaveexperiencedfumigationfailuresin concretesilos
with dosagesappliedby automaticpelletmachineswhile turninggrain from full to empty
silos. Using dispensersthat placepelletsuniformly in grain, was the ideal traditional
concretesilo fumigation method. Randomconcretesilo fumigation failures have not
arousedtheinterestof USDA or universityresearchers.In themid 1990s,aU.S.phosphine
manufacturerconductedfield testson four siloswith gassamplingtubesat 0 (headspace),
20, 60 and117 ft from the surface,to identify causesof failure. Resultswerestartling.
Uniformly dosedsiloslostmostof theirgasin lessthan48h. Siloswith pelletshandapplied
in thebottomhalf of thesilo maintainedgaslevelsbeyond72 h. Headspacereadingswere
very low in all tests.Theapparentfailurecausewaswind currentsthroughsilo under-roof
exterior wall ventsthat suckgasout. In 1999–2000,OSU researchersstudiedsealedvs
unsealedconcretesilos, samplinggasat 0, 25, 50, 75 and100%of silo depthsduring 7-
day tests.Sealinginvolvedsealingunder-roof exterior vents,roof (fill andvent)andbase
openings(conveyors, hatches,etc.). All test treatmentsincludedminimum commercial
recommendedlevelsof PH� for concretesilos.Pelletswereappliedautomaticallyvshand-
placedin batchesat the bottom1/4, 1/2 and3/4 of the grain. Weatherconditionswere
documentedby OSUMESONET. Headspacegaslevelswerelow in all unsealedsilos.Gas
readingsin all unsealedbins decreasedrapidly at all levels in automaticallydosedsilos,
but moreslowly atall in-grainlevelsin hand-dosedsilos.Generally, all readingswerevery
low after7 days.Gaslevelsremainedhigherin sealedsilos,regardlessof dosagemethod.
Someleakageoccurredin sealedsilos throughcracksbetweenroof decksand irregular
sidewall surfaces.Sealingof silo under-roof exterior wall ventsmakesa majordifference
in efficacy duringPH� fumigationin concretesilos.Furthersealingof theroof deckto silo
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wall crackmayonly addminorgaslevel improvements,but mayhelpexcludeinsectsfrom
silo headspaces.

VALIDATION OF MODELS FOR CONTROLLED ATMOSPHERE GAS LOSS
FROM BOLTED-STEEL GRANARIES

D.S.Jayas,
��� �

N.D.G.White,
��� �

M.G. Peck
�

andW.E.Muir
�

�
Dept.of BiosystemsEngineering, University of Manitoba,Winnipeg, MB R3T5V6,Canada

[*e-mail: digvir jayas@umanitoba.ca];
�
CerealResearch Centre, Agriculture andAgri-Food

Canada,Winnipeg, MB R3T2M9Canada

Predictingthelossof CA gas(CO� ) from metalgrainbinscausedby wind, temperature,
and chimney effects will improve the efficiency and effectivenessof CA fumigation of
storedgrain. Two publishedmathematicalmodels(LawrenceBerkeley Laboratory[LBL]
and Banksand Annis [BA]) were evaluatedfor their ability to predict gas loss from a
galvanizedsteel grain bin (5.56 m diam 	 6.60 m height). Experimentaltestswere
conductedto provide validationdatafor the models. The effective leakageareas(ELA)
of the empty bin were determinedusing fan pressurizationtestsfor the bin. A CO� -
impermeableplasticsheetwasattachedto the insidewall at 2.5 m above the floor. This
excludedtheupperhalf of thebin includingtheroof, resultingin anELA of approximately
7.69cm

�
. Whenthebin containedwheat,theLBL modelover-predictedthewind effectby

anaverageof five timestherateof themeasuredgaslosses(CO� , introducedasdry ice).
The predictedeffect of temperatureon gaslosswaswithin 1% of the rate from the bin.
Error in predictionsmaybebecausetheshieldingandterraincoefficientsusedin themodel
do not accountfor thedirectionof theprevailing wind andaresubjective for eachbin site.
Also,overestimationof theELA wouldcausesignificantdifferencesbetweenpredictedand
experimentaldata.Predictingtherateof gaslosscausedby wind with theBA modelwas
difficult becausethemodelwassensitiveto anunknownpressurecoefficient.Thepredicted
gasloss rate for the bin due to the chimney effect was 15 times the experimentalrate.
Furtherexperimentalstudiesareneededto separatethe wind, temperature,andchimney
effectssothatthemodelscanbeimprovedfor estimatinggasleakagelosses.

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

S.Navarro
��� �

andJ.L.Zettler
�

�
Dept.of StoredProducts,Agricultural Research Organization,TheVolcaniCenter, BetDagan
50250,Israel [*e-mail: vtshlo@netvision.net.il];

�
Horticultural CropsResearch Laboratory,

USDA-ARS,Fresno,CA93727,USA

A fundamentalrequirementfor the successfulapplicationof gaseoustreatmentsto
control stored-productinsectsis a well sealedstructure. A flexible fumigationstructure
(marketedas ‘Grain Pro Cocoon’or ‘Volcani Cube’) of 7.5 m� capacitythat is usedfor
outdoorstorageof stacked commoditieswas usedto demonstratethe critical limits of
the degreeof sealingusing the variablepressuretest. Time in minutesfor the half-life
pressuredecaywas correlatedwith daily ventilation ratesof O� , CO� , phosphineand
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methyl bromide(MB). The ventilation rateswere testedusing different sizesof cross-
sectionleak areaswith orificesof 1.6, 3.2 and6.4 mm i.d. To evaluatethe influenceof
temperatureon therateof gasexchange,thecubewastestedwhenit wasundercover by
providing shadingto minimizethedirectsolarheatingeffect, andwhenit wasexposedto
direct solarheating.O� infiltration ratefor modifiedatmosphereswas0.5 O� % day


�
at

5 min half-life pressuredecaywhenthechamberwasundershade.For the samelevel of
gastightness,gaslosswas0.8 O� % day


�
whenexposed.CO� lossratewas2% day


�

at 5 min half-life pressuredecaywhenthecubewasundershadeand3% day

�

whenthe
cubewasexposed.Lossrateof PH� from thecubefor theshadedconditionswas100ppm
day


�
at a 3-min half-life pressuredecaytime. A sealingequivalentto a 4.5 min half-life

pressuredecaytime wasrequiredwhenexposed.The MB lossrateof 1.0 g m 
 � day

�

wasequivalentto � 5 min half-life pressuredecaytime. At thetime testswerecarriedout
with MB, ambienttemperaturedifferenceswerenot large enoughto show different loss
ratesbetweentheshadedandtheexposedcube.
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