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Heat treatment concept:Raising the ambient air temperature of the complete 
facility, or a part of it, to 122-140oF (50-60oC), and maintaining these temperatures 
for at least 24  hours.



Typical temperature profile

Sensor 1 (U-11)

Sensor 2 (U-27)
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Floor temperatures during heat treatment of Hal Ross flour mill
August 25-26, 2009

Second floor, sensor U-11

Third floor, sensor U-27



Temp. ºC

(oF)

Response

25 ς32

(77 - 89.6)

Optimum for development

33 ς35

(91.4 ς95)

Upper limit for reproduction for most 
stored-product insects

36 ς42

(96.8 ς107.6)

Populations die out, mobile insects seek 
cooler zones

45 ς49

(113 ς120.2)

Death within a day

50 ς60

(122 ς140)

Death within hours to minutes

Above 62

( > 143.6)

Death within a minute

Stored-product insect responses at different 
temperature ranges*

*After Banks and Fields, 1995.



Heat treatment history

In the US

Å Dean  (1911, 1913)
Å Pepper and Strand (1935)
Å Oosthüizen(1935)
Å Sheppard (1983)
Å Heaps (1988)
Å Heaps and Black (1994)
Å Forbes and Ebeling(1987)
Å Pedersen (1994)
Å Dosland(1999)
Å Dowdy (1999)
Å Dowdy and Fields (2002)
Å Subramanyam(1999 ςpresent)

Other countries
Å Teich(1994) ςGermany
Å Carpenter (1999) ςNew Zealand
Å Fields (2004-present) ςCanada
Å Fluerat-Lessard(2012-present)-France
Å Campolo(2013)-Italy



Structural heat treatment

ÅMajor food companies have been using heat for many 
years
ïPepsiCo (Quaker Oats)

ïCon Agra

ïPillsbury (now General Mills) 

ïNew World Pasta

ïNestle Purina

ïLundberg Farms

ïAnheuser-Busch

ïGerber Foods

ïAbbott Laboratories

ÅRenewed interest since 1999



Food-processing facilities must find alternatives 
to methyl bromide

Photo courtesy, Dr. P. G. Fields



Heat Treatment is a Methyl Bromide Alternative

Å1993 -1998: Freeze at 1991 baseline levels 
(U.S. consumption ~25,500 Metric Tonnes) 
Å1999-2000: 25% reduction 
Å2001-2002: 50% reduction 
Å2003-2004: 70% reduction 
Å2005: 100% phase out 
ïExcept for critical use exemptions agreed to by the 

Montreal Protocol Parties
ÅBeyond 2005, continued production and import 

of methyl bromide is limited only for critical, 
emergency, quarantine and preshipment uses



Why is there a renewed interest in using heat 
treatments? 

ÅRenewed interest because of phase-out of methyl bromide 

Å2005 in US

ÅOzone hole in Antarctica

άImage of the record-size ozone hole taken 

by NASA satellites on September 9, 2000.

Blue denotes low ozone concentrations and 

ȅŜƭƭƻǿ ŀƴŘ ǊŜŘ ŘŜƴƻǘŜ ƘƛƎƘŜǊ ƭŜǾŜƭǎ ƻŦ ƻȊƻƴŜέΦ



Locations where heat can be used

ÅBins/silos

ÅWhole-facility treatment

ÅSpecific rooms

ÅSpecific pieces of equipment



Important pre-heat treatment checklist 

ÅRemove tension from drive belts to avoid stretching

ÅPerform sanitation and remove all food products

ÅSprinkler heads should withstand 127oC

ÅProtect heat sensitive equipment



Heat damage



A successful heat treatment depends 
on...........

ωEstimating the amount of heat required (through heat-loss calculations) 

ωKSU Heat Treatment Calculator 2.0 [VisualBasic.NET]  

ωImproving pest management efficacy

ω Eliminating cool spots through uniform heat distribution (use 
of fans)

ω Assessing pre- and post-heat treatment insect counts

ω Following good exclusion and sanitation practices



Pasta facility (A)

ωPress area:
ω Volume: 1.55 million cu ft  

ω Surface area: 46,750 sq ft  

ω Wt of steel: 9,710,00 lb  

ωFlour room:
ω Volume: 120,000 cu ft  

ω Surface area: 3,600 sq ft  

ω Wt of steel: 750,000 lb  



Facility A ςTemperature Profiles

n = 12 HOBOsn = 37 HOBOs


