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I   Introduction - Project Overview 
 
The Canadian grain milling industry is comprised of firms that are primary processors of wheat, 
oats, corn and other cereal grains.  The products of this industry are used principally as food 
ingredients.  Some by-products of grain milling are used as ingredients in pet foods, livestock 
feeds and other non-food industrial products. 
 
Grain mills are prone to naturally occurring infestation with insect species that are indigenous to 
Canada and found in most other temperate climates.  Grain milling companies share the 
challenge of minimizing insect populations at all times.   
 
Changes in Canadian federal regulations are affecting the availability of pest control products 
and technologies.  Technologies available today may not be available in future, among them a 
chemical fumigant, methyl bromide (MeBr or simply MB in some references).  Technologies 
commercially available and permitted for regulated use in other countries are not necessarily yet 
available in Canada and some are still undergoing pre-market evaluation.   
 
The Canadian National Millers Association has encouraged its member companies to evaluate 
alternatives to methyl bromide.  Supported financially by Agriculture and Agri-Food Canada 
(AAFC) and in a scientific capacity by Dr. Paul Fields of AAFC’s Cereal Research Centre, a 
number of CNMA member companies have undertaken trials of alternatives to methyl bromide 
in 2005 and 2006.  This report provides additional information on the context for the trials and a 
number of case studies highlighting the findings of the trials. 
 
Appended is Dr. Fields’ scientific report of efficacy (insect mortality data) and an excerpt from 
the report of a similar project completed in 2004.
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II The Need for Alternatives to Methyl Bromide in Grain  
 Mill Pest Management Programs  
 
This introductory section is intended to provide readers with a brief context for the collaborative 
research and case studies that are described in following sections and Appendix A (Efficacy 
Assessment) in this report.   For additional detail on the subjects touched upon below, readers are 
invited to consult the references provided in Appendix 2. 
 
Regulated Phase-out of Methyl Bromide 
 
Methyl bromide is used commercially in Canada and many other countries as a fumigant to: 
 
• control soil-borne plant pathogens that can damage horticultural crops 
• fumigate commodities at port prior to export or prior to release on importation to ensure that 

pests and pathogens are not transmitted from the exporting to the importing country 
(quarantine and pre-shipment fumigation) 

• fumigate ship holds and in rare instances, commercial aircraft 
• control vermin and fungal diseases in buildings of historic significance 
• control insects and mites in certain unprocessed and semi-processed commodities 
• fumigate grain milling and pasta manufacturing facilities. 
 
In Canada, use of methyl bromide for other than quarantine and pre-shipment purposes has been 
banned under federal Ozone-depleting Substances Regulations pursuant to the Canadian 
Environmental Protection Act (1999).  There are exceptions to this ban known as Critical Use 
Exemptions (CUEs) and Emergency Use Exemptions that are administered by Environment 
Canada.   
 
CUEs that have been approved for post-harvest use in 2007 are approximately 80% of traditional 
methyl bromide use in grain mill and pasta plant fumigation.  The CUEs approved and/or 
recommended for 2008 and 2009 are significantly lower still.  As a consequence, milling and 
pasta facilities must make use of alternative means of pest control in 2007 and beyond, as 
Environment Canada reduces supply through ongoing regulatory intervention.  
 
Grain Milling in Canada 
 
Grain milling is the manufacturing process in which the seeds or kernels of cereal grains (wheat, 
oats, corn, rye, triticale, barley) are fractionated (ground and separated) into various components.  
These components are used mainly as food ingredients in bakery products, biscuits, cookies, 
breakfast cereals, pasta, snack foods and a wide range of other prepared foods.  Some products of 
grain milling are also used as ingredients in animal feeds and pet foods.  A small portion of  
milled grain products finds uses in personal care products (cosmetics, skin care products) and 
other non-food industrial use.   
 
The pest control trials examined in this report were not conducted in wet milling facilities.  Wet 
milling of cereal grains also involves grinding of seed kernels, but separation of components 
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takes place using large volumes of water in which the ground grain is suspended in a slurry.  
This method is typically used in the production of starch, gluten (proteins) and ethanol.   
 
The grain milling facilities referenced in this report all employ a dry milling technology.  Only 
very limited amounts of water are used to adjust grain moisture content at the beginning of the 
milling process for wheat or to inject steam in the case of certain stages of oat and corn milling. 
 
Grain mills (dry milling process) of commercial industrial size are broadly dispersed across 
Canada in 7 provinces, from British Columbia to Nova Scotia.  There are approximately 40 such 
mills.  The majority are wheat mills (32), producing wheat flours, semolina (coarsely granulated 
flours for pasta manufacturing), food grade bran and by-products.  The second largest milling 
sub-sector is oat milling (6), followed by corn milling (2).  Of this total number of facilities, 31 
are operated by companies that are members of the Canadian National Millers Association.   
 
Pest Species Found in Grain Mills in Canada 
 
Cereal grains and grain products are staple foods in the diets of most Canadians, and in fact, 
most human populations around the world.  Unfortunately, cereal grains are also a favourite food 
of a number of organisms that are commonly referred to as “stored product pests”.  One of the 
more difficult aspects of operating a grain milling facility is achieving continuous control over 
populations of stored product pests.  The activities used to control these pest species are 
generally referred to as “pest management programs”.   
 
The stored product pests of principal concern in grain mills in Canada are: 
 
• confused flour beetle (Tribolium confusum) 
• red flour beetle (Tribolium castaneum) 
• rusty grain beetle  (Cryptolestes ferrugineus) 
•  
•   carpet beetle (Trogoderma variable) 
 
These insect species are very small.  As a consequence, they can find refuge, breed and survive 
in almost any area of a grain mill where there are even extremely small quantities of grain 
particles to serve as food.  These species can therefore infest unmilled grain, grain milling 
equipment, milled grain product bins and cracks, crevices and dead space (confined cavities in 
walls and floors) and grain and flour dust residues on mill structure components (beams, ledges). 
 
Less commonly found in grain and grain milling structures are: 
 
• flour mill beetle  (Cryptolestes turcicus) 
• grain weevils (Sitophilus species) 
• Indian meal moth (Plodia interanclella) 
 
Weevils and meal moths are found more often in stored grain and grain storage areas than in the 
processing areas of grain mills.   
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Also of concern are rodents (rats and mice) but both are more easily controlled through trapping 
and disposal as a consequence of their size and more predictable mobility.   
 
Why Pest Management in Grain Mills is a High Priority 
 
Effective pest management in grain mills is a high priority because it contributes to a sanitary 
manufacturing environment and a predictable operating and production schedule. 
 
• Mill sanitation is a regulatory requirement. 
 

Provisions (Sections 4 and 7) of the Food and Drugs Act require that all food processing 
facilities, including grain mills, be maintained in a sanitary condition at all times.  This 
requirement is in turn reflected in the Canada Grain Act and Regulations under which the 
transfer and sale of infested grain is prohibited.  However, the latter provisions are not a 
guarantee against infestation of grain mills through grain deliveries.  It should be noted that 
Health Canada has historically not viewed the presence of insects in mills as being a food 
safety concern.  In fact, the current regulatory framework includes tolerances for insect 
fragments in grains and milled grain products. 
 

• Mill sanitation and effective pest management are not only an expectation on the part of 
customers but requirements of being accredited (non-regulatory) as a supplier to 
further processors and retailers. 

 
Most grain milling industry customers (further processors, foodservice firms and grocery 
retailers)  require that grain milling companies demonstrate effective pest management as a 
component of integrated quality control, quality assurance and food safety systems.  Most 
Canadian grain mills are re-qualified as suppliers at least once per year by each major customer 
through on-going third party audit programs.  Such services are offered by organizations such as 
the American Institute of Baking  and the U.S. Food Processors Association.  However, 
customers have a wide range of audit service suppliers to choose from.  In this environment, it is 
not uncommon for grain mills with a diversified customer base to undergo a third party audit at 
least once per month on averag  By implication, the non-regulatory, market-driven (customer) 
requirements for pest management have become more onerous than actual regulatory 
requirements. 
 
• Effective pest management contributes to the productivity of milling facilities. 
 

Canadian grain milling facilities typically operate 24 hours per day, 6 to 7 days per week, 
meeting most customer requirements on a just-in-time delivery schedule.  This is a reflection 
of the fact that grain mills need to operate at a very high level of capacity utilization in order 
to be profitable.  It is also an indication of the fact that customers do not maintain large 
ingredient inventories, require frequent, predictable deliveries and have little if any room in 
production schedules for delayed ingredient deliveries.  In this operating environment, 
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prevention of shut-Dow AgroSciencesns for unplanned pest control treatments is an essential 
capability. 
 

• Mills cannot rely upon pest control measures in the grain handling and transportation 
sector to prevent infestation in milling facilities.  The supply chain of unmilled cereal 
grains is actually a source of re-infestation.  

 
Stored product pests are indigenous (naturally occurring in the Canadian environment) and 
capable of migration (crawling and flying) into grain storage, grain transportation equipment 
and milling facilities from other environments.  Some grain deliveries to mills are likely to 
contain live insects, particularly in warmer months.   

 
Why Methyl Bromide Has Been Such an Important Pest Management Tool 
 
As noted above, grain mills and wheat flour mills in particular present ideal environments for 
flour beetles and the rusty grain beetle.   
 
• These insects thrive at temperatures typically experienced in milling facilities.   
• Milling equipment and mill structures offer an abundant choice of hiding and breeding 

locations.   
• Fine particles of grain created in the milling process that escape from the mill processing and 

dust collection equipment offer an abundant food supply.  
 
In other words, these insects can live and reproduce in areas that are difficult, if not impossible to 
reach by milling personnel in ongoing manual cleaning of storage, processing equipment and 
mill structure.   
 
The other factor that contributes to the survival rate of insect populations in grain mills is the 
short life cycle of the insects.  Flour beetles mature from newly deposited egg to adults in less 
than 30 days.  Newly matured adult beetles can lay hundreds of eggs in a very short time frame.  
As a consequence, mill cleaning methods and/or pest control products that do not physically 
remove or kill the egg and larvae stages of flour beetles will reduce insect population levels for a 
very limited time in most mill locations. 
 
Methyl bromide has been an important pest control tool for several decades because when used 
as a fumigant, methyl bromide penetrates well into mill structures (cracks crevices), flour and 
grain dust residues, unmilled grain and milled grain products.  In penetrating into hiding and 
breeding places of insects, methyl bromide is able to kill all life stages (eggs, larvae and adults), 
thereby interrupting the insect population life cycle.  Establishment of new populations requires 
the introduction of new adult insects.  This requires the physical migration of insects into the mill 
from surrounding areas or the introduction of insects in grain deliveries.  That is not to say that 
methyl bromide delivers a permanent interruption of the life cycle.  Rather, as an effective 
fumigant killing all life stages, methyl bromide significantly delays re-establishment of insect 
populations, particularly where other pest control methods and pesticides are actively employed 
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in an integrated pest management program.  This is illustrated in the efficacy assessment report 
(Appendix A). 
 
Methyl bromide has also been of value as a consequence of the relatively short time it has taken 
to conduct fumigations of mills with methyl bromide.  Including extensive dismantling and 
cleaning of milling equipment and re-assembly, a methyl bromide fumigation has been 
completed in most Canadian mills in less than 72 hours.   
 
Methyl bromide’s pest control product registration permits the chemical to come into contact 
with unmilled grain and milled grain products.  Methyl bromide does not adhere to grain or grain 
products and therefore does not leave a detectable pesticide residue.   
 
Last, but not least, methyl bromide fumigations have been affordable tools in pest control.  
Methyl bromide is a by-product of manufacturing of other chemical substances and has been 
available to pest control service providers for many years at relatively modest cost.   
 
Desired Characteristics of Alternatives to Methyl Bromide 
 
Drawing from the brief overview above, the grain milling industry is eager to see the following 
characteristics exhibited by alternatives to methyl bromide: 
 
• The technology and service providers are available throughout Canada. 
• Treatments effectively reach insects in all areas of the grain mill, including cracks and 

crevices and all processing and storage equipment. 
• Treatments effectively kill all life stages – eggs, larvae, pupae and adults. 
• Treatments can be executed in 72 hours or less, including mill preparation, cleaning and re-

assembly. 
• Treatments can be completed without removal of all unmilled grain and milled grain 

products.  This requires that there be no pesticide residue or that there is an established 
maximum residue limit that can be predictably met under commercial use. 

• Treatments are feasible in a wide range of mill sizes and configurations. 
• Treatments are affordable as measured within the traditional cost structure of Canada’s grain 

milling industry and in comparison with costs faced by the U.S. grain milling industry.  
Canadian mills locations compete directly with U.S. mill locations in a North American free 
trade environment. 

 
Pest Control Practices in Grain Milling Facilities in 2006 
 
Section II of CNMA’s March 2004 report on comparative evaluation of heat treatments with 
conventional methyl bromide fumigations provided an overview of current pest control practices.  
This section has been updated and edited and is appended to this report as Appendix C – Stored  
Product Pest Control in Canadian Grain Milling Facilities.   
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III  Market Introduction and Commercial Scale-Up of Methyl Bromide  
 Alternatives in Canada 
 
The title of this section of the report is actually one of the subject areas that is of primary interest 
in the evaluation of Critical Use Exemption nominations by the Parties (signatory countries) to 
the Montreal Protocol.  In evaluating nominations, MBTOC (Methyl Bromide Technical Options 
Committee) and TEAP (Technical and Economic Assessment Panel) of the Montreal Protocol 
take into account whether alternatives to methyl bromide are available in the nominating country 
by virtue of: 
 
1. Having met regulatory approval 
2. Having been commercially introduced for use 
3. Being commercially scaled-up (broadly available to industry) in the nominating country 
 
Since the completion of CNMA’s March 2004 report on evaluation of alternatives, there have 
been a number of developments on market introduction and scale-up that are briefly summarized 
below as additional context for the trials described in the case studies that follow in this report. 
 
Phosphine, CO2 and Heat  
 
Phosphine and CO2 combined in gas form are available from Cytec Canada for use in grain mill 
structural fumigation under the trade name ECO2FUME.  This product is registered by Canada’s 
Pest Management Regulatory Agency (PMRA) and available to pest control service providers in 
all provinces.   
 
However, the product label (describing uses and dosage rates permitted by PMRA)does not yet 
reference use of ECO2FUME in conjunction with added heat to the structure being fumigated, 
the application method recommended by Cytec and pest control service provider with the most 
experience to date with this product.  Cytec is expected to address this matter with PMRA in the 
early months of 2007, having demonstrated in cooperation with a service provider that such 
fumigations can be successfully managed and can be efficacious.   
 
One of the impediments to wider acceptance by end users (grain milling firms) is a lingering 
concern that the phosphine present in ECO2FUME can cause corrosion of conductive metals in 
electrical, electronic and microelectronic equipment in mills.  It has been the industry’s 
experience in the past that while effective in terms of insect mortality, phosphine can cause 
corrosion, contributing to equipment damage/failure.  In addition, laboratory research conducted 
by CANMET at the request of the Methyl Bromide Government-Industry Working Group, 
indicated that corrosion can occur at a wide rage of concentration levels and relative humidity 
levels.  (Brigham, 1998, 1999) 
 
In an effort to allay milling industry concerns, Cytec’s dosage rate (as little as 100 ppm.) is 
significantly reduced from historic levels achieved when using aluminum and/or magnesium 
phosphide.  In addition, the pest control service providers have made isolation of potentially 
sensitive equipment a normal part of mill preparation and execution of the fumigation.  This is 
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achieved by encasing (wrapping and sealing) of the equipment and maintaining the enclosed area 
under positive pressure with a continuous supply of CO2 or air throughout the fumigation until 
the ECO2FUME is vented from the mill.  Milling firms that have undertaken trial fumigations 
with this approach , dose rate and exposure time have reported no equipment damage resulting 
from exposure to the phosphine component of the ECO2FUME. 
 
On the assumption that Cytec is able to modify the product label for ECO2FUME to expressly 
permit use in combination with heat added to a building (any source of heat), it is expected that 
ECO2FUME fumigation services will be widely commercially available throughout Canada by 
the 2008 usual season (April to November) for mill fumigations. 
 
Sulphuryl Fluoride 
 
Sulphuryl flouride (SF) is approved by PMRA for use in structural fumigation of grain milling 
facilities in Canada and is available from Dow AgroSciences under the trade name of ProFume.  
This registration is relatively recent (early 2006) and has facilitated trials of this fumigant in 
mills in 2006.   
 
However, the approved label does not provide for contact of ProFume with unmilled grain, 
milled grain products or flour enrichments and additives that may be present in a mill during 
methyl bromide fumigation, as is permitted by the U.S. Environmental Protection Agency.  In 
fact, there are over 40 commodities for which MRLs (maximum residue limits) have been 
established in the United States.   
 
The consequence of not having MRLs is the requirement to either completely empty a mill 
structure (including equipment and all grain and finished product storage bins) during a ProFume 
fumigation or to isolate (seal off) storage bins or an entire area of the mill that houses grain or 
milled grain products.  The latter was the approach taken with one SF trial in Canada in 2006 in 
which the efficacy of the  trial was deemed inadequate.  However, a second trial in which bins 
were sealed was effective.  Accordingly, the milling industry and pest control service providers 
are eager to see the approval of the expanded label (MRLs). 
 
As of December of 2006, Dow AgroSciences AgroSciences had recently submitted a request to 
PMRA to amend the label to permit contact via the adoption of MRLs for these in Canada.  
PMRA is in the process of examining the possibility of replicating the U.S. MRLs in Canada.  
Once that is achieved, it is expected that ProFume will be widely available in a milling regions of 
Candada and that service providers and end users will be trained in its use.   
 
Heat Treatment Technologies 
 
There are three technology providers whose equipment is available for heat treatment of mills by 
pest control service providers in Canada.   
 
Armstrong International Inc. has recently developed a portable steam-source heat treatment 
system that has been used in trials in 2006.  An adaptation of the company’s permanently 
ceiling-suspended models, each unit is a heat exchanger with an integral circulation fan mounted 
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on wheels for mobility.  Steam is delivered to the unit from a manifold adapted to either a mill’s 
permanent boiler (if so equipped) or a mobile steam boiler.  The same applies for return of 
condensate from each unit.  The footprint (floor area covered) by each unit is approximately 5 ft. 
x 4 ft. (150 cm. x 120 cm.) 
 
RooCan is a second manufacturer of portable steam-source heat treatment heaters.  Each heat 
exchanger, also with an integral air circulation fan, is mounted on a tiltable dolly frame with one 
pair of wheels.  Each unit is served by an individual steam supply line with attached condensate 
return line.  In horizontal position when in use, the footprint of a heater is approximately 3.5 ft. x 
6ft. (105 cm. x 180 cm.).  Heaters are titled upright for storage, occupying a footprint of 
approximately 3.5 ft. x 3.5 ft. (105 cm. x 105 cm.). 
 
Both the RooCan and Armstrong heat exchangers are meant to operate with the mill structure 
sealed (minimize heat loss) and at atmospheric pressure in order to prevent most of the heat from 
escaping from the structure.  These technologies may be of particular advantage to milling firms 
who wish to take advantage of existing boiler capacity and purchase or capital lease the 
equipment for operation on a more frequent schedule by company employees rather than external 
service providers.  There are at least three milling facilities in Canada who have taken this 
approach.  All have incorporated more frequent part-facility heat treatments into their integrated 
pest management programs.  However, their collective experience with this approach suggests 
that infestations can get out of hand periodically, implying a long-term need for access to a 
commercially available chemical fumigant such as ECO2FUME or ProFume that performs 
similarly to methyl bromide.  
 
TempAir heater units are not heat exchangers.  Rather, they are very high BTU capacity direct 
fired by natural gas or propane.  Heat is ejected from the heaters by a high volume fan into a 
flexible fabric distribution tube that is pre-fabricated to be zipped together on site to distribute 
heat to discharge sites. Some heat is lost through the tube along its route to point of delivery.  
However, the fabric tube can be cut  to enable some additional heat to escape at various points 
along its length to aid in heat distribution.  The heat delivered by the fabric tubes is further 
distributed by portable 110 volt circulation fans, typically 36 inches in diameter. The heater units 
operate on 220 volt electrical power supply. 
 
The discharge fans in the heaters run continuously to maintain the entire mill structure under 
positive pressure.  This is to ensure that hot air is driven into all cracks and crevices in the mill 
structure and through exterior walls to elevate and maintain heat in all structural dead spaces 
were insects might seek refuge during the heat treatment.  Exterior walls and dead spaces in 
dividing walls can be a source of re-infestation if mortality is not achieved in all areas.  During 
heat treatment, the TempAir process utilizes a large number of remote heat sensors to 
continuously monitor temperatures in all areas of the mill with the objective of keeping the 
temperatures within a prescribed range for the minimum period to achieve insect mortality.   
 
Site-Specific Evaluation of Alternatives 
 
The concept of “site-specific” evaluation, adaptation and adoption of alternatives to methyl 
bromide is one that the CNMA has communicated to regulators (Environment Canada and 
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PMRA), pest control service providers and to MBTOC in it work to evaluate CUE nominations.  
As illustrated in case studies that follow in this report and for which efficacy assessments are 
provided in Appendix A, the successful adoption of alternatives to methyl bromide relies a 
process of evaluation of what works and how it works at each mill location.   
 
The reasons for this are quite simple.  In the case of heat treatments, they are: 
 
• No two grain mills in Canada are alike.  Each has unique structural characteristics, building 

configuration and equipment configuration.  These characteristics invariably contribute to 
“hot spots” or areas of the mill that are more prone to insect infestation than others.   

• Only a minority of mills have steam boiler capacity.  Of those which do, some are for 
comfort heating only, lacking in capacity to generate sufficient steam for a heat treatment.   

• Most mills are not equipped with fire protection systems that were designed to withstand 
heat treatments.  At a minimum, such systems must be modified by replacement of sprinkler 
heads with a higher temperature tolerance.  Due to fire code requirements, some mills may 
not simply replace sprinkler heads but would be required to replace entire sprinkler systems. 

• The 220 volt and 110 volt electrical supply and distribution systems in most mills will not 
accommodate the usual number of heater units and circulation fans required for heat 
treatments using any of the heat treatment technologies described briefly above.  
Modification of the systems (permanent or portable increased transformer capacity) and 
addition of 100 volt receptacles are usually necessary before heat treatments can be 
conducted.   

• The locations of heaters and distribution equipment to achieve and sustain required 
temperatures is also a process of trial and error.  It would be unlikely that any single milling 
facility would “get it right” the first time.  As reported in CNMA’s 2004 report and in this 
report, there are typically areas of mills that are under and over heated during initial trials.   

 
In the case of fumigations with alternative fumigants, experience has illustrated that: 
 
• Service providers need to determine through experience the actual gas volumes required. 
• Ambient weather conditions acting in conjunction with mill configuration and gastightness 

can significantly effect gas retention and therefore the volume of fumigant and amount of 
sealing required.   

• Migration of gas into areas of the facility not intended for fumigation can occur.  
 
Finally, the success of alternatives is also largely predicated on additional measures implemented 
in enabling modifications to mill structures, equipment configuration, operating practices and 
mill sanitation measures that are continuous between major pest control treatments.  Experience 
has shown that these additional measures require significant investment decisions and time to 
implement, particularly where new human resources (staff hiring and training) are involved.  It 
has been the experience to date of most Canadian mills that additional staff and reallocation of 
mill sanitation responsibilities are prerequisites to eliminating reliance upon methyl bromide.   
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A Word About Costs of Alternatives 
Pest control costs being borne by Canadian grain milling firms have escalated dramatically 
between 2002 and 2006, as the regulated phase-out of methyl bromide and CUE process have 
been implemented.  CNMA’s 2004 report acknowledged the apparent increase in costs.  With the 
benefit of three additional years of experience, the order of magnitude of cost increases is better 
understood.  However, it is not yet fully experienced in that significant reductions in methyl 
bromide supply are beginning in 2007.  Where participating companies have agreed to provide 
the information, we have included some cost comparison in the case studies in this report.   
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IV Trials of Alternatives – Case Studies 
 
Each of the case studies described in this section represents efforts to evaluate alternatives by 
firms who have received financial assistance under CNMA’s contribution agreement with 
AAFC.  These case studies do not represent all of the milling industry’s effort to move their pest 
control programs away from reliance upon traditional methyl bromide fumigations.  In the 
interest of commercial confidentiality, the mill locations are identified by number only.  This 
number corresponds to the number assigned in the efficacy assessment in Appendix A.   
 
Mill 1 – Heat Treatment 
 
This milling facility underwent a heat treatment during the summer of 2006.  This was 
essentially a repeat of a heat treatment conducted in 2003, modified to apply lessons learned 
from the 2003 treatment.  As a consequence, the efficacy of the two treatments has been 
compared, as reported in Appendix 1 to this report. 
 
Facility Situation, Configuration and Structure 
 
This wheat flour milling facility is of small capacity by Canadian standards, having a 24 hour 
daily flour production capacity of less than 5000 hundredweights.  The facility has been situated 
on the current site and operating as a flour mill for more than 50 years.  The mill is the only 
industrial property in the immediate surrounding area of the municipality.  All adjacent 
properties are residential.  Several houses are situated within a 75 metre radius of the mill.  
 
Like many mills in Canada, this flour mill was constructed in a number of phases over its 
operating life.  Although most of the current facility has been constructed over the past 20 years, 
the grain receiving and storage components are much older and less well designed from a 
maintenance and pest control perspective.  The majority of the structure is steel and poured 
concrete, with a metal cladding on all exterior walls.  Although the staged modernization projects 
that were undertaken were not designed with this in mind, the location and orientation of loading 
docks are well suited to positioning of exterior heaters used in heat treatments.   
 
The mill has limited grain storage capacity that experiences frequent turnover of wheat stocks.   
All wheat is received by truck.  Frequent deliveries of small quantities of wheat also represent a 
frequent potential source of re-infestation.  The company historically accepted many producer 
deliveries.  However, such deliveries are now rare.  Most wheat is supplied by grain companies. 
 
The mill operates as both a bulk shipment and bagging facility with the majority of product being 
shipped in bulk.  Although this is a small facility, it has several substantial food processors 
among its customer base, requiring that it operate on a just-in-time delivery schedule that 
includes shipments seven days per week.   
 
Processing Equipment 
 
The major processing equipment is of various ages.  However, much of the spouting an 
connecting conveyors are readily accessible and can be disassembled for heat treatments. 
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Between 2003 and the time of the 2006 heat treatment, a number of modifications were made to 
this mill’s equipment and structure.  These included: 
 
• Modification of the bulk flour loading systems, providing sealed and sanitary finished 

product handling 
• Replacement of several pieces of equipment, including conveyors, spouting with the 

objective of improving sanitation and IPM capability. 
• There was also extensive upgrading of the control room and electrical supply that has 

contributed to execution of heat treatment. 
 
Pest Control Challenges and Measures Taken 2004-2006 
 
The facility began to significantly upgrade its mill hygiene and pest control program in 2003. As 
part of these efforts, the company undertook its first whole facility heat treatment at this site in 
the summer of 2003, using TempAir equipment and services, supported by PCO pest control 
personnel.   
 
Prior to 2003, this facility did not operate under what would be considered to be an integrated 
pest management program as these are currently being provided by the pest control industry.  
The pest control service provider used contact insecticides.  Without the certain ability to 
conduct fumigations due to proximity of adjacent residential properties, some areas of the facility 
structure were prone to infestation by grain and flour beetles.  However, the grain cleaning and 
processing equipment within this mill that includes entoleters and rebolt sifters allowed it to 
consistently meet the ingredient quality standards of food manufacturers. 
 
Between 2004 and 2006, this mill implemented a number of changes to its pest management 
program to respond to the challenges faced. A complete IPM program was adopted.  This 
included dedicated cleaning and sanitation staff, augmented by specific measures provided by 
external service providers. 
 
As a consequence of its proximity to residential buildings, methyl bromide had not been 
considered an option prior to 2003.  However, the mill was successfully fumigated with methyl 
bromide in 2005. 
 
Although a small structure, the range of construction methods and materials used in the phased 
modernization presents many structural interfaces and potential areas of harbourage for insect 
pests.  During the past 3 years, some harbourage areas were addressed by sealing.  However, 
others exist as a consequence of and are integral to the mill structure and structure-equipment 
interfaces and cannot be entirely eliminated through affordable modifications. 
 
Some milling equipment such as roll stands has a very long productive life if properly 
maintained.  A large percentage of Canadian flour mills continue to operate roll stands 
manufactured prior to 1970.  The older designs are more difficult to clean manually and/or 
disassemble for cleaning.  Some are also more likely to accumulate flour and dust residues that 
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can gradually contribute to infestation.  This mill has a number of older roll stands that fit this 
description. 
 
Bulk customer delivery schedules strictly limit frequency and duration of entire mill shutdowns, 
requiring major pest control treatments to be planned many weeks in advance.  This is 
particularly true for the heat treatment technology (TempAir) that was employed in both 2003 
and 2006 since there is a limited amount of this equipment in Canada and the equipment owners 
are selective in their use of qualified carriers (truck transportation service providers). 
 
As a result of all measures taken, this mill achieved American Institute of Baking certification in 
summer of 2006. 
 
2003 Trial Heat Treatment 
 
A whole facility heat treatment was conducted in the summer of 2003, using propane fired 
TempAir heaters as the heat source.  Hot air is expelled from the heaters by high speed fans 
approximately 36 inches in diameter.  A total of seven heaters were used.  Heat was conducted 
into the mill to various locations using a system of flexible, connectible fabric tunnels 
approximately 36 inches in diameter.  Heat was further distributed and circulated by a total of 30 
36-inch rotary fans placed in various locations throughout the mill.  The exterior heaters require 
a 220 volt power supply.  The 30 circulating fans require 110 volt power supply.   The mill=s 
electrical system had to be augmented by a rented transformer in order to deliver enough power 
to all the equipment used in the heat treatment. 
 
Since the heaters require the delivery of such a large volume of propane, two large liquid 
propane tanks were trucked onto the site and off-loaded into a portion of the parking lot normally 
used for loading trucks with bagged flour.  Since the propane must be vaporized and heated 
before reaching the heaters, a temporary Amanifold@ of several vaporizers and metal pipe had to 
be constructed to fuel the seven heaters.  Delivery and fabrication of this equipment, coupled 
with the placement of the heaters, flexible ducts and circulating fans took approximately 12 
hours.  This took place while the mill staff and temporary workers conducted a top to bottom 
cleaning of equipment and the mill structure that began at 7:00 a.m. on a Friday morning of a 
three day (statutory holiday) weekend.   
 
Some small equipment items and packaging materials that were believed to be heat sensitive 
(possibly damaged by the heat if left in the mill) were loaded into standard 40 foot truck trailers.  
These were sealed, kept on site and fumigated with methyl bromide essentially in the same 
manner as quarantine and pre-shipment fumigations are conducted in port facilities.  The 
quantities of methyl bromide used are very small and do not pose a significant risk to workers or 
nearby building occupants.   The equipment and packaging materials were unloaded back into 
the mill during the cooling and reassembly period.   
 
Stairwells and floor services along exterior walls were sprayed with contact insecticide to deal 
with adult insects that might migrate during the heat treatment. 
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Since both cleaning and heating equipment assembly took longer than anticipated, the heaters 
were not fired up until approximately 7:00 a.m. on the Saturday morning.  Vials of adult beetles 
and insect larvae (both laboratory reared and some collected on site during mill cleaning) were 
positioned throughout the mill for collection and mortality counts at two hour intervals.   100 
remote wireless temperature sensors were also positioned throughout the mill to monitor and 
record temperatures throughout the heat treatment.  
 
The 2003 heat treatment, including mill preparation and reassembly was completed within 72 
hours.   
 
The key findings and observations from 2003 heat treatment were: 
 
1. Detailed advance planning is of critical importance.  Mill staff and management need to 

understand well in advance how large the Afootprints@(required parking/surface area to be 
occupied) are for all of the equipment being brought on site to conduct the heat treatment.  
This is particularly important to know in order to schedule delivery and set up in a 
manner and in locations that will not interfere with loadout and shipment of finished flour 
and millfeeds that must continue during set up and possibly for the duration of the heat 
treatment. 

 
2. Mill staff must be advised of and make a check list of all equipment and materials that 

may be heat sensitive and need to be removed from the mill prior to heat treatment.  This 
could include packaging and labelling materials and food and beverage dispensing 
machines and/or their contents. 

 
3. Consideration must be given to relocation of testing laboratory refrigerators and freezers 

that could malfunction during the 24 hour period of high temperatures, jeopardizing the 
quality of stored ingredients and flour and grain samples.   

 
4. Electrical rooms may need temporary additional ventilation to avoid equipment 

overheating and malfunction during the heat treatment. 
 
5. It should be noted that the small number of production and maintenance staff at this 

facility was insufficient to conduct all cleaning and disassembly required in the short 
period of time available.  Additional workers were essential here and could be required at 
other mills contemplating similar heat treatments and with limited experience in rapid 
disassembly and reassembly if fumigations have not been conducted in the recent past.   

 
6. Some plastic materials such as air hoses and enrichment feeder lines may not be able to 

tolerate the heat required to kill insects.  These should be removed in advance of the heat 
treatment or not kept under pressure during the treatment. 

 
7. Since an initial heat treatment is a learning experience and each facility is unique in its 

design and configuration, it may be preferable to schedule more down time to permit 
gradual and more even heating of the facility.  This will allow for experimentation in the 
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placing of heat delivery ducts and circulating fans that could render subsequent heat 
treatments more predictable and efficient. 

 
8. Heat treatment is costly.  This trial heat treatment for a small facility cost in excess of 

$75,000 in Canadian funds.  This was not the full commercial value of the treatment 
since some labour and transportation costs were absorbed by the pest control service 
providers as a contribution to the research nature of the trial.  Full commercial value 
would have been approximately $90,000, representing approximately three times the cost 
of a methyl bromide fumigation for a mill of comparable size in 2003. 

 
9. Heat treatment can use a lot of energy (propane in this case). 
 
10. Care must be taken to remove all residues from equipment.  They can bake during the 

heat treatment and become very stubborn to remove during reassembly and mill start-up. 
 
2006 Heat Treatment 
 
The preparation of the mill for the 2006 heat treatment was similar to 2003.  Roll stands, sifters 
and other equipment were opened and disassembled to the extent that design permits to facilitate 
thorough cleaning and removal of wheat and flour residues.  Similarly, the interior of the mill 
structure, equipment surfaces and supporting structure were swept down and vacuumed.  
Disassembly and top to bottom cleaning takes approximately 10 hours, during which time, the 
heat treatment equipment can be gradually put in position and connected to the gas supply. 
 
Loadout bins were not emptied but as in 2003, used to continue shipments to customers through 
a portion of the weekend on which the heat treatment took place. 
 
Based on lessons learned in 2003, the different steps taken in 2006 were: 
 
• Preparation of the mill was begun several days earlier to accommodate a more extensive 

manual cleaning. 
• Certain materials were removed from the mill, including labelling and packaging materials. 
• Additional 120 volt receptacles installed since 2003 reduced the requirement for temporary 

power supply (extension cords) for portable circulating fans. 
• The contractor brought to the site additional portable transformer capacity to support the 

electrical load requirements of the heat treatment equipment. 
 
Planned Use of Methyl Bromide Alternatives 
 
This company has a high degree of confidence in the efficacy of heat treatment at this milling 
facility based on the success of both the 2003 and 2006 heat treatments.  Despite the high cost of 
individual heat treatments, heat treatment is likely to be the preferred whole-facility pest control 
method when such measures are required in future.  The frequency of whole-facility treatments 
will be difficult to predict.  Ideally, other IPM measures will achieve sufficient control to not 
require a whole-facility treatment each year.  
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Mill 3 – Heat Treatment Compared to Methyl Bromide 
 
This wheat milling facility presents an excellent case study in that the mill participated in 
CNMA’s 2003 project to evaluate heat treatments by undertaking a methyl bromide fumigation 
as a benchmark for comparison with other mills and also with the intention of evaluating heat 
treatment in a subsequent year.  This heat treatment evaluation took place in the summer of 2006.   
 
Facility Situation, Configuration and Structure 
 
This wheat flour milling facility is of medium-sized capacity by Canadian standards, having a 24 
hour daily flour production capacity of between 5000 and 7500 hundredweights.  The facility has 
been situated on the current site for more than half a century, during which time, the site has 
become essentially surrounded by buildings of multiple use (residential, commercial, 
foodservice).  The site is bordered by a major road that is heavily travelled by local residents, 
commuter and commercial industrial traffic. 
 
The facility has been constructed in a number of phases over its operating life.  Although the 
processing and control equipment has been extensively modernized in the older portions of the 
mill, many portions of the mill structure in this are in excess of 50 years old.  They include 
wood, masonry, concrete and steel, reflecting a gradual process of reconstruction to 
accommodate repairs and equipment modifications.  In contrast, other portions of the structure 
that house a new milling unit added within the past 10 years, are entirely of modern steel and 
concrete construction designed with mill hygiene as a primary objective.   
 
As is the case with the majority of Canadian flour mills, grain receiving and cleaning equipment 
is integrated within the main mill structure.  The mill has limited grain storage capacity that 
experiences frequent turnover of wheat stocks.  Longer term on site storage is used to retain 
certain classes of wheat for blending with others that are used in higher volumes.  The company 
does not normally accept producer (direct from farm) deliveries and receives virtually all wheat 
by truck from commercial elevators.   
 
The mill operates as both a bulk shipment and bagging facility, serving virtually all its customers 
on a just-in-time delivery schedule.  Very little finished product is warehoused for more than a 
few days.   
 
Processing Equipment 
 
Since 2003, the mill has undergone some further structural and equipment modifications.  These 
are: 
 
• Modification of the fire protection sprinkler system to permit use of treatment. 
• Minor modification of the steam boiler system to accommodate steam supply to heat 

treatment equipment.  
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• Other modifications to and modernization of processing equipment. 
 
 
 
Pest Control Challenges and Measures Taken 2004-2006 
 
The company has been be operating with an integrated pest management program for more than 
five years. 
 
C The pest control program relies heavily on plant hygiene and ongoing manual cleaning to 

limit accumulations of grain and flour dust.   
C Major processing equipment units are opened, disassembled and cleaned as often as 

running times will permit.   
C Unscheduled shutdowns due to chokes or the need for repairs are used as opportunities 

for other cleaning and maintenance.   
C Virtually all production workers share in the responsibility for mill cleaning.   
C Some production workers are entirely dedicated to cleaning milling equipment and the 

building structure.   
C Insect populations are monitored closely by visual inspection of more easily infested 

areas and with the use of pheromone traps placed and maintained by a pest control 
service provider.   

C The service provider uses residual contact insecticides where practical to encounter 
migrating adult insects during and in between fumigations.   

C The mill has been fumigated annually with methyl bromide during summer months to 
reduce insect populations to a minimum in as much of the facility as can be legally 
fumigated with methyl bromide. 

 
The design and exterior configuration of some of the grain storage silos will permit the use of  
chemical fumigants in the event of infestation in the silos.  However, this has rarely been 
required. 
 
Insect pests in product streams are prevented by careful maintenance and adjustment of grain 
cleaning equipment, use of many entoleters and rebolt sifters and frequent cleaning of screw 
conveyors and areas of equipment that are prone to accumulation of small quantities of milled 
grain products.  
 
As a consequence of its proximity to other buildings and a major roadway, the provincial 
government department of the environment will permit the use of fumigants such as methyl 
bromide in only a portion of the milling facility.  There are no known feasible means of 
addressing this issue of setback (distance from buildings and roads) as the cost of mill 
reconstruction would be prohibitive. 
 
The multi-storey portion of the mill for which a permit cannot be obtained was not designed and 
built for heat treatment.  However, the company has become quite interested in heat treatment as 
the preferred whole-facility pest control treatment method, leading to the 2006 trial, taking 
advantage of existing on-site steam boiler capacity.  
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The range of construction methods and materials (masonry, concrete, wood, metal cladding) 
presents many structural interfaces and potential areas of harbourage for insect pests.   
 
As each modification is made to the mill structure, equipment and equipment support 
infrastructure, pest control objectives are taken into account and some harbourage or difficult to 
clean areas are being addressed.   
 
Over the past several years, the trend toward just-in-time delivery of ingredients and packaging 
materials in the food processing sector has continued.  Reducing inventories of ingredients and 
packaging materials represents a significant opportunity to reduce operating capital and carrying 
costs.   
 
This mill continues to operate at a high level of capacity utilization 24 hours per day for more 
than 300 days per year (six-days per week on average),  requiring careful planning and some 
accommodation by bulk delivery customers.  The company would like to limit the duration of 
shut-downs for pest control treatments to 48 hours.  
 
Benchmark Fumigation in 2003 
 
In the case of this fumigation, as is standard procedure, the mill was shut down except for the 
packaging, warehouse and bulk loadout areas early on a Friday morning to permit disassembly 
and cleaning of all roller mills, sifters and other equipment that can be opened and manually 
cleaned and vacuumed.  The entire mill structure and equipment surfaces are manually swept and 
vacuumed, to the extent possible sequentially from the top floors down.  This pre-fumigation 
cleaning takes approximately 10 to 12 hours. 
 
During the last few hours of the pre-fumigation cleaning, the pest control service providers arrive 
and begin preparing the mill for the fumigation, in cooperation with mill employees.  This 
preparation involves sealing off (tarps, plastic film barriers, tapes, caulking) the portions of the 
facility that are not included in the fumigation as well as exterior windows, doors and points of 
passive and mechanical air exhaust as soon as ventilation and access are no longer required.  The 
objective of the separation and sealing is to make the area(s) of the structure and equipment to be 
fumigated as gas tight as possible to be able to use the precise minimum quantity of methyl 
bromide required to achieve a concentration of the gas sufficient to kill the insect pests in all 
areas of the mill. 
 
Before fumigation, the pest control service provider placed methyl bromide supply lines and 
monitoring equipment in the normal locations.  This is done to ensure an even concentration of 
methyl bromide throughout the mill during fumigation for a minimum required duration.  In this 
case, the objective was to achieve  the desired initial methyl bromide concentration of 3.2 grams 
per cubic metere and for the fumigation to last ) for a period of approximately 24 hours. 
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After cleaning and sealing and before any methyl bromide was injected into the area to be 
fumigated, all mill production and maintenance staff were evacuated from the mill.  Methyl 
bromide was injected until the desired concentration was reached.  
The company=s pest control service provider normally places a number of vials of insects within 
the mill in order to be able to confirm insect mortality of the resident population of insects that 
might not be visible.  In the case of this fumigation, many additional vials of insects provided by 
AAFC=s Cereal Research Centre laboratories plus vials of insects collected from the resident 
populations were placed throughout the mill100% of insects in test vials in all locations within 
the mill were dead   by the end of the fumigation. 
After the required 24 hour period, pest control service staff entered the mill to open doors, 
windows, roof hatches and remove sealing materials to permit the gradual escape of the methyl 
bromide to the external atmosphere, using points of ventilation to permit the gas to escape 
predominantly from the roof and rear of the building, away from the nearby buildings and street.  
Ventilation is normally conducted at night when vehicle and pedestrian traffic are at their 
minimum levels.  This was the case in this fumigation. 
 
When the pest control service staff indicated that ventilation was complete, mill workers entered 
the building to reassemble all equipment that had been disassembled prior to the fumigation.  
This process normally takes less time than the pre-fumigation preparation.  The mill was in 
operation on the Monday evening approximately 8 hours after ventilation was complete and 
approximately 84 hours from shutdown the previous Friday morning. 
 
During the six-week controlled monitoring period following the fumigation, insect populations 
were at less than 10 per cent of levels observed in the six-week period prior to the fumigation.  
The mill management staff judged the fumigation to be typical of previous methyl bromide 
fumigations in terms of efficacy. 
 
The key findings and observations from the 2003 benchmark fumigation were: 
 
1. Methyl bromide predictably and effectively reduces insect populations in all of the area 

of the mill that is able to be fumigated under provincial permit restrictions. 
 
 
2. Incorporation of many entoleters into the newer milling unit and addition of rebolt sifters 

has eliminated all insect presence in finished milled wheat products. 
 
3. A strong program of sanitation and IPM had not eliminated the need for a chemical 

fumigation or other whole-facility treatment at least once per year to control insect 
populations in the mill structure.   

 
2006 Trial Heat Treatment 
 
This heat treatment trial had originally been planned for 2005.  Due to operational requirements, 
the trial was delayed to summer of 2006.  The technology chosen was Armstrong’s portable 
steam-source heat exchangers with integral circulation fans.  This required modifications to the 
existing steam boiler in the mill to provide a manifold for connection of portable steam 
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distribution and condensate return lines.  Additional circulating fans were used for heat 
distribution.   
 
Preparation and cleaning of the mill and equipment for the treatment was similar to that normally 
undertaken for a methyl bromide fumigation.  Disassembly and cleaning of equipment was 
routine.  Equipment was left open during heat treatment to facilitate air circulation and heat 
dispersion.   
 
The mill was brought up to the desired heat treatment temperature (45 to 50 degrees C.) in 
approximately 8 hours.  This temperature level was reached and maintained in nearly the entire 
mill structure for a period of 16 hours, less than desired. 
 
There was, however, a small area of the mill in which the desired temperature was not reached 
and maintained.  This was in a lower floor level area where recently installed equipment is 
supported by a very substantial poured concrete floor structure.  Typical of concrete construction 
in many recently built or modernized mills, this particular concrete area acted as a heat sink and 
could not be brought up to ideal temperature in the available time with the heat exchange 
capacity put in place for the heat treatment.  This may have been as a result of the space below 
this floor not being heated during the heat treatment.  As a consequence, insect mortality in vials 
placed for efficacy monitoring in this area was not 100%.  However, 100% mortality was 
achieved in test vials placed in all other areas of the mill included in the heat treatment.  Please 
refer to Appendix 1 for the efficacy assessment and comparisons. 
 
Planned Use of Methyl Bromide Alternatives 
 
Based on the partial success of the 2006 heat treatment, the company is planning a second heat 
treatment trial in 2007 with a second heat technology.   The company is attracted to longer term 
use of heat treatment because it can be successful from a mortality perspective when executed 
properly and may provide greater operating and timing flexibility when IPM measures do not 
obviate the need for a structural treatment. 
 
Mill 4 – Trial Fumigation With Sulfuryl Fluoride (ProFume) 
 
This mill location also presents an interesting case study for several reasons.  The mill site has 
two mill structures, one many decades old and the other constructed since 2000 in which 
benchmark methyl bromide fumigations were conducted in 2003 for which insect mortality data 
were gathered.  Not one but two sulfuryl fluoride (ProFume) fumigations were completed in 
December of 2004 and November of 2005 using different dose rates.  Pre and post-treatment 
monitoring data are quite extensive and are included in Appendix 1.   
 
Facility Situation, Configuration and Structure  
 
This wheat milling facility is of medium to capacity by Canadian standards, having a 24 hour 
daily flour production capacity of between 5000 and 7500 hundredweights.  The facility 
comprises two mills that are housed in adjacent buildings on the same site.    Adjacent properties 
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are mixed commercial and retail foodservice locations.  The site is in a semi-industrial and 
commercial district, bordered on two sides by streets that carry mainly commercial traffic.  
 
The older of the two mill buildings has been situated on the current site for more than half a 
century and contains a complete range of construction materials, including wooden beams and 
floors, masonry, concrete and steel.  The newer of the two facilities is of modern construction 
and design, steel and concrete. 
 
As is the case with the majority of Canadian flour mills, grain receiving and cleaning equipment 
is integrated within the main mill structures.   This milling operation has a relatively large 
amount of grain storage capacity and normally accepts producer (direct from farm) deliveries as 
well as wheat by larger trucks from inland elevators and by rail. 
 
The mill operates as both a bulk shipment and bagging facility, serving virtually all its customers 
on a just-in-time delivery schedule.  However, a high percentage of customers are at some 
distance from the mill, requiring a variety of truck, intermodal and rail shipping.   
 
Processing Equipment 
 
The milling equipment is this location’s 2 structures ranges from less than 10 to more than 50 
years old.  There is the typical range of roll stands, sifters, purifiers and grain cleaning equipment 
found in most mills.   
 
The older milling unit has undergone extensive modernization and upgrading of aspiration and 
dust control equipment.   
 
Pest Control Challenges and Measures Taken 2004-2006 
 
This mill exports product to the United States and offshore markets for which phytosanitary 
certificates may be required.   The facility is regularlry subjected to third party audits required by 
customers.  As a consequence, there is very low tolerance for live insects within the mill 
structure, even if end product and in-process product streams are completely free of insects. 
 
 
Key attributes of the pest control program used since 2000 are listed below. 
 
C The pest control program relies heavily on plant hygiene and ongoing manual cleaning to 

limit accumulations of grain and flour dust.   
C Major processing equipment units are opened, disassembled and cleaned as often as 

running times will permit.   
C Unscheduled shutdowns due to chokes or the need for repairs are used as opportunities 

for other cleaning and maintenance.   
C Virtually all production workers share in the responsibility for mill cleaning.   
C Some production workers are entirely dedicated to cleaning milling equipment and the 

building structure.   
C Insect populations are monitored closely by visual inspection of more easily infested 
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areas and with the use of pheromone traps placed and maintained by a pest control 
service provider and mill personnel.  

C The service provider uses residual contact insecticides where practical to encounter 
migrating adult insects during and in between fumigations.   

C The mill has been fumigated twice annually with methyl bromide to reduce insect 
populations to a minimum in as much of the facility as can be legally fumigated with 
methyl bromide.  When fumigations are carried out, the mill is entirely emptied of all 
grain and milled grain products to permit thorough cleaning and fumigation of all storage 
bins.  This procedure permitted use of ProFume in the mill since that product does not yet 
have registration (a maximum residue limit) that permits contact with unmilled wheat or 
milled wheat products.   

 
Precautions taken in methyl bromide fumigations are similar to those that have been used in the 
two ProFume trials completed in 2004 and 2005.  The pest control service provider schedules 
venting to avoid peak nearby traffic flows.  
 
The range of construction methods and materials (masonry, concrete, wood, metal cladding) in 
the older of the two facilities presents many structural interfaces and potential areas of 
harbourage for insect pests.  Its construction also may present prohibitive retrofitting costs to 
permit effective heat treatments.  Methyl bromide has been highly successful in controlling pests 
in this mill.   
 
There have been equipment and structural since 2003.  These have included: 
 
• Unused doors and windows have been sealed off with new masonry construction 
• All ceiling openings onto the roof have been removed. 
• Cyclones have been relocated inside the building to enhance maintenance access and reduce 

operating wear in cold weather temperatures. 
• Addition of three pieces of equipment in the mill to increase grain cleaning efficacy and 

ensure prevention of infestations from grain entering the mill. 
 
Customer specifications dictate that a portion of the products produced at this mill are not passed 
through entoleters as a means of killing all insect life stages (including eggs) that may be present 
in the processing equipment or unmilled wheat.  As a consequence, pest control in all areas of 
the milling process takes on added importance since the added assurance normally gained using 
entoleters in other product streams is not available.  This takes on further importance taking into 
account long distance rail shipment of some products.  
 
Bench Mark Methyl Bromide (MB) Fumigation in 2003 
 
In the case of this fumigation, as is standard procedure, the mill was shut down to permit 
disassembly and cleaning of all roller mills, sifters and other equipment that can be opened and 
manually cleaned and vacuumed.  The entire mill structure and equipment surfaces are manually 
swept and vacuumed, to the extent possible sequentially from the top floors down.  Pre-
fumigation cleaning takes approximately 48 hours. 
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All cleaning and mill preparation are completed by company employees.  This preparation 
involves sealing off the portions of the facility that are not included in the fumigation as well as 
exterior windows, doors and points of passive and mechanical air exhaust as soon as ventilation 
and access are no longer required.  The objective of the separation and sealing is to make the 
area(s) of the structure and equipment to be fumigated as gas tight as possible to be able to 
achieve a concentration of the gas sufficient to kill the insect pests in all areas of the mill. 
 
After cleaning and sealing and before any methyl bromide was injected into the area to be 
fumigated, all mill production and maintenance staff were evacuated from the mill.  In the case 
of this mill, the inclusion of the business offices within the mill structure requires that office and 
management staff evacuate the facility for the entire duration of the fumigation.  This usually 
means scheduling the fumigation during a three-day weekend.  
 
Before fumigation, the pest control service provider placed methyl bromide supply lines and 
monitoring equipment in the normal locations.  This is done to ensure an even concentration of 
methyl bromide throughout the mill during fumigation for a minimum required duration.  In this 
case, the objective was to maintain the desired methyl bromide for a period of approximately 24 
hours. Methyl bromide was injected until the desired concentration was reached.  
 
Company staff normally places a number of vials of insects within the mill in order to be able to 
confirm insect mortality of the resident population of insects that might not be visible.  In the 
case of this fumigation, many additional vials of insects provided by AAFC=s Cereal Research 
Centre laboratories plus vials of insects collected from the resident populations were placed 
throughout the mill.   All adult insects contained in the vials were dead in all locations at the end 
of the fumigation.  
After the required 24 hour period, pest control service staff entered the mill to open doors, 
windows, roof hatches and remove sealing materials to permit the gradual escape of the methyl 
bromide to the external atmosphere.  Ventilation is normally conducted at night when vehicle 
and pedestrian traffic are at their minimum levels.  This was the case in this fumigation. 
 
When the pest control service staff indicated that ventilation was complete, mill workers entered 
the building to reassemble all equipment that had been disassembled prior to the fumigation.  
This process normally takes less time than the pre-fumigation preparation.  The mill was in 
operation on the Monday evening approximately 8 hours after ventilation was complete and 
approximately 96 hours from shutdown. 
 
The key findings and observations of the 2003 MeBr fumigation were: 
 
1. The mill management staff judged the fumigation to be typical of previous methyl 

bromide fumigations in terms of efficacy. 
 
2. One unexpected finding was that the new mill structure in this site exhibited poorer gas 

retention (gas tightness) than the old structure.  Half loss time for the old structure was 
7.0 hours as compared to 0.6 hours for the new structure.   

 



 3

2004 and 2005 ProFume (Sulfuryl fluoride) Trial Fumigations 
 
Dow AgroSciences accepted an invitation to use this mill location for a fumigation to 
demonstrate use of ProFume at a Canadian mill location in 2004.  At that time, ProFume was not 
yet registered and the trial required a research permit which was granted by the Pest 
Management Regulatory Agency.    
 
The 2004 fumigation was scheduled for end of November/beginning of December.  This is the 
latest date at which the second annual methyl bromide fumigation had historically been carried 
out.  The weather conditions were not conducive to a ProFume fumigation.  External air 
temperature was low.  Areas of the mill buildings were below optimal temperature.  These 
conditions were compounded by the fact that Dow opted to use a low concentration of gas for a 
duration that would not usually be expected to kill all life cycles of insect pests (including eggs), 
based on experience in fumigating mills in the United States.  Post-fumigation monitoring 
revealed significant rebound of insect populations in the mill  in relatively short time frame as 
compared with methyl bromide.  
 
Unhappy with these results, Dow and the company agreed to conduct a second trial fumigation 
that was scheduled for November of 2005.  This fumigation was undertaken with warmer 
external and internal air temperatures and what was considered to be a high rate of gas 
application.  In this second fumigation, a very satisfactory rate of mortality was achieved.  The 
efficacy comparisons are included in Appendix 1. 
 
Readers should note that both trials were conducted on the mills when completely emptied of 
ummilled grain, milled grain products and all additives.  Most mills have not traditionally 
conducted whole-facility treatments in this manner, preferring to have unmilled grain and milled 
grain products in some bins.  This highlights the importance of PMRA approving MRLs for 
unmilled cereal grains and their respective milled grain products.  
 
Planned Use of Methyl Bromide Alternatives 
 
At the time of writing this report, mill number 4 has access to methyl bromide through the 
Environment Canada CUE process for importation and use in 2007 and 2008.  However, the 
quantities available are insufficient to carry out the usual whole-facility fumigations annually.  
 
As a consequence, this company will likely conduct two whole-facility methyl bromide 
fumigations in the older of the two mill facilities on site in 2007 and 2008.  The newer mill will 
be managed with IPM and use of alternative fumigant, likely ProFume, in a single annual 
fumigation.   
 
The company has plans to evaluate heat treatment.   Key considerations will be cost and safety as 
compared to fumigation with alternative fumigants. 
 
Mill 5 – Trial Fumigation With ProFume and New IPM Program 
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This milling company has approached adoption of methyl bromide alternatives quite 
aggressively, undertaking a part-facility heat treatment in 2003, implementing an intensive IPM 
program in late 2005 and undertaking a trial fumigation with ProFume (SF) in the summer of 
2006. 
 
Facility Situation, Configuration and Structure 
 
This wheat milling facility is of medium capacity by Canadian standards, having a 24 hour daily 
flour production capacity of approximately 10,000 hundredweights.  The mill has been on the 
current site for over 50 years.  The site is bordered by residential neighbourhoods.  This mill is 
situated within 25 metres (75 feet) of the access street that is used by through residential traffic 
as well as commercial traffic required by mill operations. 
 
The foundation and basement area floors are of poured concrete.  Mill floors are predominantly 
wooden, supported by wooden and steel posts and beams.  Some interior and exterior walls are 
of brick masonry.  Metal cladding has been added to portions of the brick exterior walls. 
 
Although the grain receiving and cleaning equipment is integrated within the main mill structure, 
it is separated from the main production area by a brick masonry wall.   While this can assist in 
managing air flows for dust control, typical of masonry walls, the wall presents potential 
harbourage forinsect pests. 
 
The mill operates primarily as a wheat flour mill and is equipped for both bulk shipment via 
tanker trucks and as a bagging facility.  Because the facility also carries out some grain product 
blending and packaging intended for retail sale, insect pest control in the packaging area is of 
paramount importance.  This is why the company opted to evaluate heat treatment and sulfuryl 
fluoride as alternatives to methyl bromide in conjunction with a new integrated pest management 
(IPM) program. 
 
Processing Equipment 
 
There is nothing particularly unusual about the processing equipment in this mill.  The 
equipment is of varying ages ranging from less than 5 to more than 50 years old.  The mill has 
undergone an expansion in recent years with the addition of a separate milling unit. 
 
The mill is equipped with a central vacuum system and comprehensive dust control systems.  
Dust collection and ventilation systems have been modified in recent years to reduce the surface 
areas that required manual cleaning and other harbourage for insects.   
 
Pest Control Challenges and Measures Taken 2004-2006 
 
The mill was taking a variety of measures in its pest control program prior to 2003.  
 
C Major processing equipment units are opened, disassembled and cleaned regularly   
C Virtually all production workers shared in the responsibility for mill cleaning.   
C The mill has been fumigated annually with methyl bromide during summer months to 
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control insect populations that other measures have failed to control. 
 
The company launched an intensive IPM program in the last quarter of 2005.  This included the 
hiring of two individuals whose responsibilities are mill sanitation and pest management.  The 
key attributes of this new IPM program are: 
 
C Two additional workers were added to be entirely dedicated dedicate to IPM activities. 
C Insect populations are monitored closely by visual inspection and documented tracking 

carried out by a pest control service provider on a weekly schedule. 
C In addition, pheromone traps are used much more intensively and are strategically placed 

throughout the older portions of milling facility where adult insects have been observed. 
C The service provider uses residual contact insecticides where practical to encounter 

migrating adult insects during and in between fumigations.   
 
The pest control challenges for this mill and how they are being addressed are described below. 
 
Because of this mill=s range of products that includes the blending of a number of grain products 
into mixes and retail packaged goods, there is a particularly high emphasis on pest control in a 
portion of the facility that is largely but not completely separated from the main production area 
of the mill.  If chemical fumigants such as methyl bromide or other pesticides that pose a high 
risk to workers must be used, the more frequent treatments dictated by the product mix and lower 
tolerances for insect pests will be disruptive to operation of the entire facility.  Low toxicity pest 
control product methods are desirable. 
 
Methyl bromide has been highly successful in controlling pests in this mill in the past, despite 
the age and configuration of the facility.  There have been extensive modifications to the mill 
since 1990 to accommodate the increased packaging activity and to eliminate rail receiving and 
shipping in favour of bulk shipment by truck.  These were not made with heat treatment in mind.  
There would be significant retrofitting costs to permit adequate heat retention during heat 
treatments.  As a consequence, the company has demonstrated a greater interest in alternative 
fumigants, leading to the 2006 trial fumigation using ProFume. 
 
Opportunities for Use of Alternatives - Trial Heat Treatment in 2003 
 
This trial heat treatment was conducted in early summer of 2003 by a qualified pest control 
service provider that had been conducting annual methyl bromide fumigations at the mill for a 
number of years and applying other pest control products.  The heat treatment was conducted 
only in the areas of the mill used for packaging and bulk shipment load-out. 
 
Although the heat treatment was limited in scope to the packaging and bulk-load out areas of the 
mill, the company opted to carry out the trial during a three day holiday weekend to facilitate 
added cleaning and disassembly of packaging lines, interior building surfaces and structural 
interfaces (joints, cracks, floor and wall openings for plumbing, electrical, mechanical).  
Ingredient bins supplying the packing lines were emptied and cleaned. 
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The areas to be treated were closed off from adjacent areas of the mill.  No special insulation or 
tarping was added other than at several door frames where polyethylene film and tape were used 
to reduce air flow and escape of heat.   
 
The source of heat was portable propane fired heaters typical of those used in building 
construction to provide temporary heat to assist in curing concrete, drying paint and drywall 
compound.  These were not heaters or heat exchangers designed or specially modified for heat 
treatment.  The treated areas were heated for approximately 16 hours.  However, no sophisticated 
devices were used for temperature monitoring with the objective of ensuring even and sustained 
temperature levels in the entire area being treated.  Several 110 volt powered fans were used to 
assist in distributing the heat. 
 
Following heating, the treated area was allowed to cool with passive ventilation.  Equipment was 
reassembled.  The packing lines and bulk load-out areas were ready for operation approximately 
48 hours after shutdown. 
 
This mill did not use a long term (six week) pre-treatment insect population monitoring before 
conducting the trial heat treatment.  The reason is that the monitoring protocol recommended by 
AAFC and used in other heat treatment and methyl bromide comparative fumigations was not 
written and available in advance of the date of this heat treatment trial.   
 
However, the mill was visually inspected by the pest control service provider.  Adult insects 
were observed in harbourage areas along exterior walls of the packaging area and structural 
spaces within the bulk load-out area.  No adult insects were observed in any of the ingredient or 
load-out bins or related conveying and spouting equipment.  This is attributable to the entoletion, 
aspiration and sifting of products during milling that normally remove all adult insects and larvae 
that may be present in unmilled grain. 
 
The pest control service provider reported visible mortality of adult insects in the treated area 
(dead adult insects on floor surfaces).  However, mill staff and the pest control contractor staff 
observed adult insects within the treated areas within 4 weeks of the heat treatment.   
 
The key findings and observations of the 2003 heat treatment were: 
 
1. The temperature during treatment and/or duration of temperature were insufficient to 

penetrate some of the harbourage areas within the treated areas and exterior walls and 
achieve insect death. 

 
2. Adult insects appear to have migrated into the treated areas from other areas of the mill 

soon after the heat treatment was undertaken. 
 
3. Small scale heaters designed for construction use are not effective in heat treatment of 

grain mills. 
 
2006 Trial Fumigation Using ProFume 
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The initial registration (without MRLs) of ProFume facilitated a trial fumigation at this mill in 
summer of 2006.  The pre-fumigation mill preparation (cleaning of structure and equipment 
disassembly and cleaning) was similar to that conducted historically for methyl bromide 
fumigations.  However, the treated area of the mill was emptied of all unprocessed grain, milled 
grain products and additive premixes.  Some bin storage area was sealed and isolated from the 
fumigation.   
 
The staging and setup of the fumigation equipment are described and illustrated in photos in 
Appendix 1.  ProFume is shipped in “banks” (groups) of gas cylinders.  Gas is drawn from the 
cylinders during fumigation through a specially designed and calibrated manifold.  Gas lines are 
placed at various locations within the mill and terminate at a circulation fan for even distribution.  
Gas levels are continuously monitored by remote sensors placed in various locations before 
injection of the gas.  This monitoring capability allows the applicators to continuously monitor 
gas levels and inject additional gas where, when and if required at any time during the 
fumigation.   
 
The external and internal temperatures were typical of summer days in this region, contributing 
to the efficacy of the treatment.  The sulfuryl fluoride dose rate used approached the maximum 
permitted level under current registration.  Gas levels around the exterior perimeters of the 
structure were also monitored during the fumigation.   
 
Insect mortality was excellent.  Post-fumigation monitoring of insect populations indicates a 
highly successful fumigation.  However, readers should note that this mill continues with its 
intensive IPM program that is in all likelihood, a synergistic factor in the efficacy of the trial 
fumigation.  The question remains whether the IPM program can obviate the need for an annual 
whole-facility fumigation.  With access to methyl bromide under CUE in 2007 and 2008, this 
mill now has the option to delay its fumigation to as late a date as possible in either year to fully 
evaluate insect control success arising from intensive IPM.   
 
Success of the IPM Program 
 
The new IPM program has been in place for about 14 months.  The company advises that the 
scaled up IPM program has changed the entire philosophy of pest control within the facility, 
generating benefits that include: 
 
• A generally heightened awareness among all production and maintenance staff of the need 

for sanitation of both processing equipment and structure, fostered in part by the 
documentation required under the IPM program.  

• More frequent recommendations from employees to further improve sanitation and pest 
control, particularly in the area of minor modifications to structure and structure/equipment 
interfaces (sealing of cracks, crevices)  

• A closer working relationship between the external pest control service provider and 
company staff. 

• Enhanced ability to meet requirements of third party and customer audits.   
• A more efficient program of sanitation and pest control. 
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In summary, the company would not consider doing without intensive IPM in future. 
 
However, the company also notes that the costs of scaling up IPM are significant, adding 
approximately $100,000 annually to pest control costs.   IPM has not yet been demonstrated to 
allow the facility to operate without an annual fumiagion.   The IPM costs,, coupled with the 
higher costs of sulfuryl fluoride  fumigation ( or heat treatment) (50% or more as compared to 
current cost of MB), represent a significant increase in annual operating costs when expressed as 
a percentage of total manufacturing costs. 
 
Planned Use of Methyl Bromide Alternatives 
 
The registration of ProFume allowed a trial fumigation in 2006.  This was timely since a 
fumigation was required and the company did not have a CUE allocation of methyl bromide for 
2006 calendar year.  The company is pleased with results to date.  However, cost of the 
fumigation was significantly higher than for a methyl bromide fumigation.  The company may 
therefore opt to use its CUE allocation in 2007 for a part-facility fumigation with methyl 
bromide to determine how that works in tandem with its intensive IPM efforts.   
 
The lower 2008 CUE allocation will encourage fumigation with an alternative.  Based on results 
in the public domain to date of trials with ECO2Fume, the company may consider a trial with that 
fumigant in selected areas of the facility where there may be less risk of corrosion of electrical 
equipment.   
 
Setting cost considerations aside, the more precise application procedures taken in a ProFume 
fumigation, coupled with efficacy results to date indicate that ProFume fumigations are equal to 
or better than typical methyl bromide fumigations.   
 
The company has not ruled out future use of heat treatment but has concluded the structural 
components and configuration would make a whole facility heat treatment very difficult and 
costly.   
 
Regardless of alternatives used, the company plans to continue and improve upon its IPM 
program. 
 
Mill 6 –ECO2FUME With Carbon Dioxide  and Heat 
 
The trials conducted at this facility and recent methyl bromide fumigations make for an excellent 
case study.  Two sections of the mill were treated alternately with ECO2FUME (in combination 
with additional carbon dioxide and heat) and methyl bromide, permitting direct comparison of 
efficacy and operational considerations. 
 
Facility Situation, Configuration and Structure 
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This milling facility is one of many in Canada that over time has experienced changes in its 
surroundings due to new and reconstruction on adjacent sites.  The end result is that the mill has 
less setback (distance) than historically from adjacent properties whose uses are varied, including 
other commercial and residential.  This has driven to large degree, significant investment in noise 
abatement and dust control. 
 
The facility is yet another example of a modernized mill with expanded throughput capacity that 
continues to operate on foundation and within multi-layer brick walls constructed well before 
1950.  In recent years, the structure has undergone very significant changes that include: 
 
• Replacement of exterior windows 
• Upgraded wiring and lighting 
• Replacement of wooden support infrastructure with steel and reinforced concrete 
 
However, much of the mill structure is original, rendering elimination of all harbourage areas in 
the structure itself impossible.   
 
The mill operates as a bulk shipping and bagging facility more than 310 days per year (24 hour 
six-day week on average).  The mill is configured in a manner that permits treatment of the 
packing facility separately from the remainder of the production area.  This has rendered the mill 
an ideal candidate for comparative evaluation of alternatives to methyl bromide.   
 
 
 
 
Processing Equipment 
 
Some of the milling equipment in this facility predates 1950 but as in other mills with equipment 
of various ages, remains productive as part of a modernized, electronically controlled and 
integrated manufacturing facility.  The design of this older equipment makes disassembly and 
cleaning more labour-intensive and time-consuming than the more modern equipment, some of 
which was added in recent years.  The older equipment, rollstands in particular, have ledges and 
cavities that retain milled grain fractions that are ideal environments for flour beetles.  This is 
really quite typical of equipment of this age.   
 
At the other extreme, the mill has received very significant investment in dust collection and 
make-up air systems.  The dust collection and aspiration equipment in the mill is very modern, 
contributing to a high level of sanitation.   
 
This is a large mill in terms of throughput capacity as compared to the Canadian industry 
average.  Similarly, the structure is quite large in terms of its volume, height and footprint.   
 
Pest Control Challenges and Measures Taken 2004-2006 
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The company has taken many steps to reduce harbourage.  This includes enhancing worker 
access to structure and equipment surfaces to facilitate manual cleaning and removal of flour and 
grain dust residues.  Many cracks and crevices have been filled and sealed as part of a more 
intensive IPM approach taken with the benefit of ongoing assistance from pest control service 
providers. To facilitate cleaning, exterior walls and ceilings have been epoxy painted.  The same 
is true for floor areas and structural interfaces on exterior walls are beveled.  The company has 
also increased labour and attention to mill sanitation, complementing the very large investment 
in dust control equipment and structural modifications noted above.   
 
Typical of many Canadian flour mills, residential use of nearby land has increased significantly 
over the past 20 years with urban growth and rezoning.  In effect, such mills have become “non-
compliant” with current zoning and permitted use.  These mills are forced to incur significant 
costs for noise abatement and dust control in order to meet regulatory requirements and remain 
good corporate citizens in their respective communities.  Since such grain mills are also “clean” 
in the sense that grain and milled grain products are hazardous substances that might be found in 
other manufacturing industries, grain mills are permitted to adapt and operate in urban 
environments that were originally zoned and developed for a variety of industrial use.  
 
Opportunities for Use of Alternatives to MeBr Fumigation 
 
Taking into account all operating requirements, this company has already been able to evaluate 
of ECO2FUME in comparison with methyl bromide in two whole-facility treatments in 2006.  A 
part-facility (packing area only) fumigation with ECO2FUME was conducted in the second half 
of 2005.  Efficacy results are compared in Appendix 1.   
 
The site would also permit trials with ProFume (sulphuryl fluoride) on the assumption that 
MRLs are established to permit contact with grain and milled grain products.   However, the mill 
configuration and equipment density (tight spaces) would likely render heat treatments 
impractical unless the technology employed were to be integrated (stationary, permanently 
installed equipment).  The cost of modification to accommodate heat treatments using 
permanently installed equipment  would be very substantial. 
 
Observations About the 2005 and 2006 ECO2FUME Trial Fumigations 
 
What is particularly interesting from an experimental standpoint about the ECO2FUME trials 
conducted in this mill is the fact that they were conducted at very low gas concentration levels 
(100 to ppm phosphine), facilitated by the addition of carbon dioxide (5%)  and heat during the 
fumigation period to increase the respiratory rate of insect pests. The increased respiratory rate 
renders insects more susceptible to phosphine.  It should be noted that the carbon dioxide 
contained in ECO2FUME is not at a level that is biologically active in that during fumigations, it 
raises carbon dioxide levels in a mill by about 0.1%.  Accordingly, additional carbon dioxide is 
added from separate gas cylinders. 
 
The trials also demonstrated the efficacy of low dose rates of phosphine, believed by the product 
manufacturer and applicators to eliminate risk of electrical/electronic equipment failure due to 
phosphine-induced corrosion.  The applicators have further reduced corrosion risk by extensive 
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wrapping and sealing off of sensitive electronic equipment that is kept under positive pressure by 
small supply lines of air.  In these areas, additional care was taken in cleaning and in some, a 
small quantity of diatomaceous earth was placed. 
 
However, test strips of conductive metals left exposed in the fumigations demonstrated that 
minor corrosion still occurs at these low concentrations of phosphine.  Based on the experience 
at this location, if left unprotected, there may be minor damage to some lighting and electrical 
contacts, but there is insufficient long term repeat use experience to determine this with certainty.  
Laboratory experiments conducted by Natural Resources Canada (Brigham, 1998, 1999) 
demonstrated that corrosion due to exposure to phosphine can occur at very high or very low 
relative humidity.  Relative humidity or high temperature may have been a factor in these trials 
with ECO2FUME. 
 
Planned Use of Methyl Bromide Alternatives 
 
This mill will have access to sufficient methyl bromide in 2007 and 2008 through CUE to 
conduct a part-facility fumigation.  Treatment of the remainder of the facility with alternatives 
will likely be essential.  Given the experience with ECO2FUME to date, it would appear likely 
that ECO2FUME will be the alternative of choice in the near term, particularly because of its 
more active dispersion and penetration capability. 
 
The company has found that use of ECO2FUME in combination with carbon dioxide and heat 
dictates a longer down-time to execute as compared with methyl bromide (2.5 to 3 days, versus 
1.5 to 2 days).  As a consequence the fumigation is somewhat more costly when time, labour, 
service and fumigant costs are all taken into account.   However, when considering the modified 
low-phosphine dose used in this facility, the company views these fumigations as being 
considerably more environmentally responsible.  The trade-off is that these fumigations provide 
less margin for error that conventional methyl bromide fumigations, presenting a higher level of 
commercial risk.   
 
Taking all operating and efficacy considerations into account, including use of IPM methods 
between fumigations, ECO2FUME’s characteristics offer 2 fumigations annually as a positive 
alternative to frequent spot treatments and fogging. 
 
Mill 7 – Comparison of MeBr Fumigation & Heat Treatment 
 
The trial heat treatment at this facility in 2006 permitted a comparative evaluation with methyl 
bromide fumigations conducted previously. 
 
Facility Situation, Configuration and Structure 
 
Atypical of many mills, the mill is not adjacent to residential land use properties and remains in 
an industrial area with sufficient setback to reduce concern over use of chemical structural 
fumigants and related emissions of gas during and at the end of the fumigation process.  
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This wheat milling facility is a relatively modern structure less than 50 years old, that has been 
extensively modernized in many respects, including the addition of a second milling unit 
accommodated by an extension to the original mill structure.  Typical of milling facilities, the 
building is multi-floored and sufficiently large to make temporary enclosure for the whole 
facility impractical.  However, the mill exterior is essentially without windows, reducing gas 
loses during fumigation.  Some fumigant gas loss is unavoidable.   
 
The facility also houses a mix facility that blends flour, other milled grain products, sugar and 
other ingredients to prepare dry premixes for a wide range of bakery products produced in in-
store bakeries and other wholesale and retail bakery establishments.  The presence of the bakery 
mix facility increases the need for a high level of insect control in the mill structure in addition to 
the processing equipment.  The mill has been historically reliant upon methyl bromide but has 
met with some success in using intensified mill sanitation efforts and IPM methods.   
 
Because of its phased construction and gradual modernization, this mill is like others described 
in this report and many others in Canada.  The construction methods and materials are varied.  
There are many structural and equipment interfaces and very large surface areas of interior walls 
and supporting structure.  In total, there are many structural areas that offer harbourage and food 
sources (flour and grain dust) to flour and grain beetles.    
 
Processing Equipment 
 
The combined flour production capacity of this mill is medium (between 5000 and 10,000 cwt. 
Daily) by Canadian industry standards.  There is some variation in the age of roll stands, sifters, 
purifiers and grain cleaning equipment, but not as much in some other facilities where older 
equipment may not have been designed for aspiration.  There has been extensive addition of dust 
collection and aspiration equipment throughout the plant.  
 
The mill also houses mix ingredient storage and blending equipment, plus the associated 
packaging lines used for mixes and for various flour products.  Pest control in the mix and 
packaging areas is a very high priority.   
 
One noteworthy modification is the installation of insect screens at loading doors and personnel 
doors, particularly important in summer months to help control migrating stored product pests.  
Also installed are devices to deter entry and roosting of birds. 
 
Pest Control Challenges and Measures Taken 2004-2006 
 
The mill serves Canadian markets as well as customers in export markets.  As a consequence, 
this mill is subject to a large number of third party audits each year that are required by customer 
organizations and supply chains to maintain approved supplier status.  This is not at all unique.  
Rather, as food ingredient suppliers to a wide range of further processors, Canadian grain mills 
must meet ongoing audit and supplier qualification standards 
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Because this mill is actively exporting to a number of offshore markets, there is still a 
requirement for CFIA inspections to support issuance of phytosanitary certificates required by 
the regulators in some importing countries.  
 
Sanitation is a high priority.  Each piece of processing and transfer equipment is opened and 
thoroughly cleaned on a monthly schedule, several as often as daily.  Wall surfaces are also 
cleaned on a schedule, followed by accompanying inspections.  These procedures are consistent 
with AIB program requirements for ongoing certification. 
 
The intensive sanitation program has been facilitated in part by a central vacuum system installed 
throughout the mill structure during the part 5 years.   
 
The mill’s external pest control service provider makes weekly site visits and undertakes any 
measures required under their highest level of service delivery, as indicated by the monitoring of 
dome traps and visual inspection of structure and equipment. 
 
Potential Opportunities for Use of Alternatives to MeBr Fumigation 
 
The newer portion of the mill is more open, horizontally and vertically.  This may facilitate heat 
treatment in that portion of the mill even if use of chemical fumigants in the older portion of the 
mill is periodically required.  The use of heat treatment in part of the facility may be supported 
by the fact that the two production areas are largely partitioned from one another.  This was the 
case in the trial heat treatment of the bakery mix portion of the mill undertaken in summer of 
2006 (described below). 
 
2006 Trial Heat Treatment 
 
This company opted to evaluate heat treatment using high volume, propanefired heaters 
manufactured and operated by TempAir whose entire heat treatment equipment inventory is 
normally stored in Ontario.  This mill is not in Ontario, requiring careful scheduling and 
logistical arrangements.  TempAir equipment is expensive, scarce and requires knowledgeable 
handling and shipping – essentially requiring a dedicated (one only) truck freight provider.   
Because of the size, configuration and multi-sections of the mill, the company opted to conduct 
its initial heat treatment trial in the mix portion of the mill, where prevention of infestation is an 
absolute must.  The planning for the heat treatment involved identification of areas that required 
partial sealing from other areas of the mill.  These requirements were limited.  However, in the 
case of TempAir treatments, escape of heat through exterior and partitioning walls is an 
objective to achieve mortality of insects in wall cavities, of which there are many in most mills, 
including this structure.   
 
The treated area was thoroughly cleaned prior to the heat treatment.  This involved removal of all 
mix ingredients, bagged and binned.  Every piece of equipment that could be opened to facilitate 
heat penetration was opened and where feasible, partly disassembled.    
 
The configuration of this portion of the mill required placement of heaters above ground level, 
requiring use of specialized hoisting equipment (crane) to temporarily install and remove the 
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heating equipment from points on the exterior of the building.  The elevated stationing of the 
heating equipment required additional pipefitting to provide for supply of gas to the burners.  
Also required were temporary concrete barriers to protect the propane supply tank temporarily 
on site.  Given the volume of the mix facility, this heat treatment required a relatively small 
footprint for propane supply and distribution. 
 
During the heat treatment, air is forced by 36 inch high volume fans (integral within heaters) 
through flexible fabric tubes that are configured and joined so as to deliver high amounts of heat 
to several sections of the structure.  The heat is further circulated through the use of portable fans 
that can be moved as required during the fumigation to achieve even distribution of heat and 
relatively uniform temperatures throughout the structural area being treated.  The delivery 
location of heat from the fabric socks and location of circulating fans are a matter of trial and 
error, particularly during the first heat treatment, since portions of the structure that absorb large 
amounts of heat (heat sinks) are not always easy to predict during planning.   
 
The bakery mix area was brought up to a temperature of approximately 55 degrees Celsius and 
maintained at that temperature for a period of 24 hours.  During the heat treatment, assay vials 
containing flour beetles placed at various locations before the heat treatment were collected 
periodically and examined for evidence of insect mortality.  In this case, adult insects in all assay 
vials died within a period of approximately 5.5 hours.  
 
Post-treatment insect monitoring in this area of the mill indicated that there was a high degree of 
control in the treated area.  However, post-treatment monitoring also indicated that adult insects 
may have migrated from the treated portion of the mill to untreated.  This suggests that in the 
case of this facility, simultaneous heat treatment of all areas of the mill would be desirable from 
an insect mortality point of view.  However, this approach would significantly increase 
preparation time and labour and add to logistical challenges.  The treatment would require 48 to 
72 hours. The logistical challenges include the number of heaters required and their 
transportation and positioning.  The fuel supply would also be significantly greater and require a 
much larger footprint on the site.   
 
Planned Use of Alternatives to Methyl Bromide 
 
This milling establishment has as its ideal target, the elimination of chemical fumigations 
through intensified IPM and use of heat treatments as necessary.   One of the obstacles to 
substitution of heat treatments for fumigation is the increased cost.  The mill structure is large 
and essentially divided into five components – two milling units, a bakery mix plant, packing 
area and a warehouse to accommodate storage of mix ingredients and shipment of bagged 
product.  As a consequence, operations are somewhat more complex that for a mill that operates 
only as a regional bulk shipment flour mill.  The company will require several additional years to 
evaluate efficacy and cost of heat treatment in each area of the mill and may compare other 
technologies with the TempAir method.  Costs are a major consideration.  Based on the 2006 
trial, the company would foresee a tripling or quadrupling of annual structural treatment costs.   
 
The company is well aware of the regulatory status of ProFume.  A trial with ProFume will be 
delayed until the Pest Management Regulatory Agency completes a second evaluation and 
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approves food tolerances (maximum residue limits), since it would be impractical to empty this 
facility of all grain and milled grain products. 
 
Mill 8 – Trial Fumigation With Sulphuryl Fluoride (ProFume) 
 
Facility Situation, Configuration and Structure 
 
This wheat flour milling facility has been in operation for approximately 70 years. The mill is 
situated in mixed use light industrial areas on a major street that carries high volumes of 
commercial and personal vehicle traffic.  The setback of the production and loadout areas from 
this and a second adjacent street is in places less than 20 metres.  A large portion of the mill 
structure is on or immediately adjacent to the property line.  With a rated daily capacity of less 
than 5000 cwt. of wheat flour, the entire mill has a relatively small footprint.  However the entire 
property is not large, leaving the land area not covered by mill/office structure also quite limited.  
 
Typical of most flour mills of similar vintage, the building has been updated and modified 
through a series of major and minor construction projects undertaken predominantly to 
accommodate increases in processing capacity and modernization.  As a consequence, the 
structure has a wide range of construction materials and methods.   
 
• The oldest portions of the mill are constructed of brick masonry (double brick with interior 

space/cavities), some concrete, wood post and beam frame and wooden floors.   
• Portions of the mill constructed at a later date include steel superstructure and bin support 

structure. 
• Older and newer exterior walls are metal clad. 
• The most recent portion of the mill is concrete foundation/floor, steel support and insulated 

metal cladding.   
• Original windows have been replaced by modern windows. 
• The original double brick walls have been injected with insulating foam for both energy 

efficiency and to reduce insect harbourage.   
• Some upper level flour areas are steel mesh.  Some wood floor undersides are metal clad. 

Some wood floors have been overlaid with plywood to deal with gaps and uneven surfaces.  
• Office space used for administration, sales and other non-production activities is contiguous 

(adjacent to) processing areas. 
• The mill laboratory is situated within the dimensions of the processing structure. 
• There are two bulk loadout areas. 
• The warehouse for bagged product and input supplies is largely of wood construction and is 

unheated. 
• The mill is equipped with two low pressure boilers that provide steam for pelletizing product 

and for comfort heating. 
• The attached elevator and grain storage facility is wood framed and clad. 
 
Processing Equipment 
 



 16

The mill is quite typical of older facilities in that rollstands, sifters and purifiers are of various 
vintages.   Since the structure is small, there is a lot of equipment on each floor relative to total 
floor area.  Space is quite confined, except in the grain cleaning areas where there is more room 
to navigate during operations and cleaning.   Conveyance of grain, and milled grain products are 
by a typical mix of bucket elevators, gravity spouts, screw conveyors and pneumatic spouts. 
Production areas and processing equipment are aspirated for dust control.  Ambient dust levels 
are relatively low in some areas of the mill.  The mill is equipped with packaging equipment for 
commercial bagged products.  The mill is equipped with a stone mill and a pellet mill for 
pelleting of millfeeds.  The newer bulk loadout bins and loadout area are dedicated to a specialty 
product destined for food use.  Controls are a mix of electrical and microelectronic. 
 
Pest Control Challenges and Measures Taken 2004-2006 
 
This mill has a history of use of methyl bromide fumigation as the primary means of interrupting 
insect population life cycles in the processing areas of the mill structure.  During usual 
operations between annual fumigations, the pest control program is: 
 
• continuous mill cleaning 
• spot treatment with residual contact insecticides 
• occasional fogging with an insecticide 
 
This facility has some problem areas where infestations are frequent and substantial while others 
are relatively free of insect pests. 
 
• The mix of age and materials of construction have resulted in many joints and interfaces 

between components, equipment support structure and equipment. 
• Some of the older processing equipment is less easily cleaned than more modern equipment 

designed with better access and fewer internal seams, ledges, spaces where product residues 
can accumulate. 

• Tight configuration makes manual cleaning of spouting, structure and bin support structure 
quite difficult and time consuming.   

• Although the cleaning program has rendered the facility interior surface areas (floors, walls, 
equipment surfaces) quite clean, double brick masonry, even when foam filled, offers refuge 
for insects that is difficult to reach other than by chemical fumigation. 

 
Included in the lower infestation areas are the warehouse and portions of the grain cleaning area, 
even where wooden floors have been overlaid with plywood.  This layered floor does not appear 
to offer attractive harbourage and thereby contribute to insect populations.  It has been the 
practice to not fumigate the warehouse and some limited production areas that can be sealed off 
and isolated during fumigations.  These areas are spot treated and fogged, rather than fumigated. 
This has served to reduce the volume of methyl bromide required for the annual structural 
fumigation.  The most recent methyl bromide fumigation was undertaken in summer months of 
2005. 
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It has been the experience of the mill staff that one annual methyl bromide fumigation is required 
to achieve adequate control.  In recent years, the staff planned to forego an annual methyl 
bromide fumigation, only to learn that the efficacy of the combined ongoing pest control 
methods declined dramatically.  The mill has reverted to use of methyl bromide until 2006, when 
a sulphuryl fluoride (ProFume) fumigation was conducted to assess the suitability of that 
fumigant as an alternative to methyl bromide.   
 
The pre-fumigation preparation of the mill is typical.  Dust/milled product residues are removed 
to the extent possible through manual cleaning and disassembly of processing and conveyance 
equipment.  Equipment that is normally closed during operation remains open during fumigation.    
 
Potential Opportunities for Use of Alternatives to MeBr Fumigation 
 
Since the mill has been successfully fumigated with methyl bromide for many years, it would 
appear that fumigation with alternative chemical fumigants might offer similar levels of efficacy. 
The configuration of the mill is such that it can be sealed during fumigation to provide two 
vertical spaces that can be managed separately for gas injection and concentration maintenance.  
Isolating the two vertical areas of the production portion of the facility may offer potential for 
heat treatment in one, the other or both, using existing boiler capacity  For reasons of 
occupational safety and health, the heat treatment activity could not be conducted at the same 
time as chemical fumigations.   
 
Two separated bulk loadout areas could conceivably prolong shipping during heat treatment and 
preparatory stages of fumigations, subject to all occupational safety and health conditions being 
met. Some finished product bins might be able to be sealed and therefore isolated from areas 
being treated. 
 
Apparent Constraints to Use of Alternatives to MeBr Fumigation 
 
Like most mills, this mill operates on a continuous bulk delivery schedule to its larger bakery 
and other food product customers.  This limits the amount of down time that can be allocated 
during mill cleaning/fumigation.  The small property footprint and limited parking/paved surface 
area not covered by mill structure would render it difficult to stage a heat treatment using 
portable, exterior, propane or gas-fired heaters for heat treatment.  The mill electrical supply and 
distribution was not designed to accommodate the number of electrical fans required for use of 
heat exchanger and circulation fans typically required for a heat treatment.  There is currently 
little, if any, on-site storage capacity for storage of owned heat treatment equipment.  Contiguous 
lab and office spaces dictate complete evacuation of the facility during chemical fumigation.  
The age of facility might also require significant other upgrades to address contemporary fire 
protection requirements, if triggered. 
 
2006 Trial Fumigation 
 
The 2006 trial fumigation with sulfuryl fluoride (i.e., ProFume) was carried out with assistance 
and supervision by Dow AgroSciences, in cooperation with a Canadian pest control service 
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provider.  The trial was conducted over a 3-day holiday weekend to provide sufficient shut-down 
time, as would normally be the case with a methyl bromide fumigation. 
 
The mill preparation was typical of that for a methyl bromide fumigation. However, the 
permitted use of ProFume (no MRLs) required that certain bins holding unprocessed wheat be 
sealed.  This is not a requirement for MeBr.   
 
The fumigation was executed in the usual fashion for ProFume at the high dose recommended to 
kill all insect life stages , with remote sensors s in place throughout the mill to monitor gas 
levels.  Insect mortality in one series of test vials located in an area where they were subjected to 
ideal exposure conditions and could be removed at subsequent 4 hour intervals was rapid and 
successful, further demonstrating that ProFume is an effective fumigant when insects are 
exposed to it under ideal application methods.   
 
However, the reappearance of adult insects in rebolt sifter tailings within two weeks after the 
fumigation indicated that the fumigation was a failure from an operational perspective.  This may 
be attributable to not having emptied all bins of wheat/milled wheat products.  There is no way to 
determine the reason without a second trial conducted differently than the first.   
 
Planned Use of Alternatives to Methyl Bromide 
 
Although ProFume is promising, it will not likely be used again in this mill until the Pest 
Management Regulatory Agency approves MRLs for wheat and wheat products.  The elevator 
and bins in this mill are not easily sealed or isolated from production areas that require at least 
annual fumigation. 
 
ECO2Fume will be considered if the manufacturer provides information confirming that there are 
no significant adverse aggregate effects (notably corrosion of conductive metals in electric and 
electronic equipment) from long term application, as will heat treatment, given the existing 
steam boiler capacity at the mill.  However, concerns about structural characteristics would need 
to be conclusively addressed before a trial heat treatment would be carried out. 
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Summary 
 
Methyl bromide is a very effective broad spectrum fumigant. It has been used in flour mills since the 1930’s, and it 
is the major tool to control insects in food processing facilities, such as flour mills, pasta production plants and 
breakfast cereal plants. In 1992, methyl bromide was recognized as a significant ozone depletor and its consumption 
was frozen in 1995 and phased-out in 2005. After this time, countries must receive Critical Use Exemptions (CUE) 
to use methyl bromide in flour mills. These have been granted for flour mills in Canada, USA, Europe and Australia. 
At the request of the Canadian National Millers Association (CNMA), the Government of Canada has applied for 
and received CUE for methyl bromide for some flour mills in Canada; 36.5 t in 2005, 34.8 t in 2006, 30.2 t in 2007 
and 28.7 t in 2008.  
 
Given the pressing need to find alternatives to methyl bromide fumigation in flour mills in Canada, the CNMA 
received funding from Agriculture and Agri-Food Canada to assist some CNMA member companies to test 
alternatives to methyl bromide in 2005 and 2006, and to compare these alternative treatments to standard methyl 
bromide treatments. There were two trials with propane-fired heaters (Temp-Air) and one trial with portable steam 
heaters (Armstrong International Inc.), four trials with sulfuryl fluoride (ProFume®), two trials with phosphine 
(ECO2FUME®), heat and carbon dioxide combination treatment and six trials with methyl bromide. The trials took 
place at mills across Canada, mills varied in size and age and the trials took place in both summer and late fall. 
 
The treatments were characterized by measuring temperatures, and in the case of fumigations, gas concentrations. 
The efficacy of treatments was estimated in three ways (Table 1, 2). 
 
1. Just before the treatments, bioassays, adults and eggs of the red flour beetle (Tribolium castaneum (Herbst)) were 
placed throughout the mill to determine efficacy. All treatments were effective in killing 100% of adult red flour 
beetles put out as bioassays. In only one trial, portable propane heaters, was not 100% mortality (94%). There was 
more survival of the eggs. In the sulfuryl fluoride treatments, egg mortality ranged from 35 to 99.6%. The other 
treatments had egg mortalities over 98%. 
 
2. Insect populations in the mill were estimated using pheromone traps that were placed on the roll floor and the 
sifter floor for 6 weeks pre-treatment and at least 16 weeks post-treatment. In methyl bromide treatments, the 
rebound of insect populations to pre-treatment levels occurred in as little as 3 weeks to never within the 30 week 
sampling period. For sulfuryl fluoride the rebound took from as little as 1 week to never rebounding within the 18 
week study. Phosphine combination treatment saw populations rebound within 7 to 29 weeks. In all three heat 
treatments, none of the populations returned to the original levels by 19 weeks post-treatment. 
 
3. Adult and larva flour beetles were monitoring in the tailings from rebolt sifters. The data for the rebolt sifter 
tailings is available for only about half the mills that we conducted trials. In the other mills, either they did not 
sample regularly for insects in the rebolt sifter tailings, or they did not find insects in the tailings. For the most of the 
mills, there is a good correlation between insects found in the pheromone traps and insects found in the rebolt sifter 
tailings. However, on several occasions pheromone traps were not a good predictor of insect numbers in the rebolt 
sifter tailings. In methyl bromide treatments, the rebound of insect populations to pre-treatment levels occurred in as 
little as 15 weeks to never within the 31 week sampling period. For sulfuryl fluoride the rebound took from as little 
as 9 weeks to never rebounding within the 18 week study. Phosphine combination treatment saw populations 
rebound within 1 to 33 weeks. In all three heat treatments, the mills either did not sample rebolt sifter tailings or 
there were never insects in the tailings. 
 
For any of the fumigants tested, methyl bromide, sulfuryl fluoride or phosphine, improved sealing in Canadian flour 
mills before fumigation, would allow for effective fumigations with less gas. Many flour mills in the USA are much 
better sealed than the Canadian mills we tested. The American mills have Half Loss Times twice that found in mills 
in this study. Higher temperatures would also improve the efficacy of any of the fumigants. Comfort heaters could 
be used during the summer to increase mill temperatures, or additional heaters could be used for fall fumigations. 
 
There are limitations to this study. There is limited replication with regard to the mills. Even treatments done in the 
same mill are done at different times, so pest pressures may be different from one treatment to another. For example, 
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the pest pressure will be much greater in the summer than the winter. One would expect that all things being equal, 
the rebound of insect populations from a treatment in the fall would be slower than a treatment done in the spring. 
There were only 4 fumigations with sulfuryl fluoride, each with a different concentration or in a different mill. 
Sulfuryl fluoride does not yet have food tolerances in Canada, so some of the bins contained flour, but were isolated 
from the gas to prevent food contact. This may have been the reason that insect populations rebounded quickly in 
one mill that used sulfuryl fluoride. Whereas, methyl bromide can be used to treat flour remaining in the mill. The 
phosphine, heat and carbon dioxide had only 2 treatments, and there are problems comparing it with the twinned 
methyl bromide fumigations on the same site.  
 
Despite these limitations, this project has provided Canadian flour millers and pest control operators with many 
opportunities to test alternatives to methyl bromide in their facilities. Sulfuryl fluoride, heat and phosphine 
combination treatment (phosphine, heat and carbon dioxide) can control insect populations in flour mills for over 18 
weeks. 
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Introduction 
 
Methyl bromide (MB) is a very effective broad spectrum fumigant. It is used around the world to control a wide 
variety of pests (pathogens, nematodes, weeds and insects) in diverse substrates (soil, food, museum artefacts, 
buildings, equipment, aircraft). It has been used in flour mills since the 1930’s, and it has become the major tool to 
control insects in food processing facilities, such as flour mills, pasta production plants and breakfast cereal plants. 
 
In 1985, British scientists discovered a “hole” in the stratospheric ozone layer in the Antarctic. The ozone layer 
filters out harmful ultraviolet radiation, allowing life as we know it to survive and flourish on the planet. It was 
determined that chlorinated fluorocarbons were responsible for this reduction in the ozone layer. This prompted the 
creation in 1987 of the Montreal Protocol on Substances that Deplete the Ozone Layer, and it has been ratified by 
191 countries. The goal of the Montreal Protocol is to eliminate substances that cause the depletion of the 
stratospheric ozone layer. 
 
In 1992, methyl bromide was recognized as a significant ozone depletor and its consumption was frozen at 1991 
levels starting in 1995. In 1997 Parties agreed to phase out methyl bromide starting in 2005 with interim reductions 
along the way. These dates are 10 year later for developing countries. Given that methyl bromide is such a widely 
used fumigant, in 1997 Parties also agreed to allow critical and emergency use exemptions for very specific uses of 
methyl bromide. Users must demonstrate that there are no technically and economic alternatives to methyl bromide, 
and they are actively trying to find alternatives to methyl bromide. This Critical Use Exemption (CUE) has been 
granted for flour mills in Canada, USA, Europe and Australia. At the request of the Canadian National Millers 
Association (CNMA) the Government of Canada has applied for and received CUE for methyl bromide some flour 
mills in Canada; 36.5 t in 2005, 34.8 t in 2006, 30.2 t in 2007 and 28.7 t in 2008.  
 
The Canadian National Millers Association (CNMA) was founded in 1919, and is Canada’s national industry 
association representing primary processors of cereal grains in Canada. The majority of the 27 facilities operated by 
the 19 CNMA member firms are dedicated to the processing of various classes of wheat, of which approximately 3.1 
million tonnes are milled into wheat flour, semolina, food-grade bran and millfeeds 
(http://www.canadianmillers.ca/). Some CNMA member facilities also process oats into various flaked oat products, 
oat flour and oat bran and corn into corn grits, meal and flours.  
 
Given the pressing need to find alternatives to methyl bromide fumigation in flour mills the CNMA received 
funding from Agriculture and Agri-Food Canada to assist some CNMA member companies in testing alternatives to 
methyl bromide in 2005 and 2006 and to compare these alternative treatments to standard methyl bromide 
treatments. This project examines the efficacy of IPM (Integrated Pest Management), heat, sulfuryl fluoride, 
phosphine combined with heat and carbon dioxide, and compares them with methyl bromide fumigations. This 
project is an expansion of the 2003 Canadian Adaptation and Rural Development Fund, Agriculture and Agri-Food 
Canada Project (Harrison 2004; Fields 2004) that examined heat and methyl bromide.  
 
Heat treatments have been used as early as the 16th century to control stored-product insects (Fields 1992). Heating 
flour mills and food processing facilities to control insects in the USA and Canada has been used since 1910 and 
continues to this day (Heaps 1994, Imholte and Imholte-Tauscher 1999, Fields and White 2002). Steam, propane 
and electric energy sources have been used to power the heaters. In general, the building is heated to at least 50oC 
(122 oF) for 24 hours. Extra fans are used to distribute the heat within the structure.  
 
Temp-Air uses the same heaters that are designed for temporary heating of construction sites and sporting events 
and modified for heat treatments. They have been doing heat treatments to control insect pests since 1999. Currently 
they heat treat approximately 25 locations a year, with most of these locations receiving two heat treatments a year. 
The size of the facilities range from 17,000 to 1,300,000 m3 (600,000 to 4,500,000 ft3) in size and include flour 
mills, pasta plants, food processing facilities and malting plants. Heaters use either propane, as is the case with these 
trials, or natural gas. Treatment cost can be significantly less with natural gas, as extensive hard piping, propane 
tanks and connections are not required for natural gas. 
 
Armstrong-Hunt is a division of Armstrong International, Inc. and has been manufacturing heavy duty steam heaters 
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for insect pest management since 1990. Currently they have provided portable equipment and permanently 
installations in over 25 locations. The plant sizes range from 300 to 113,000 m3 (10,000 to 4,000,000 ft3), including 
flour and corn mills, pasta plants, food processing plants and pharmaceutical plants. 
 
Sulfuryl fluoride (SF or SO2F2) has been proposed as a replacement for methyl bromide in the fumigation of flour 
mills and other structures (Bell et al. 1996, Banks 2002, Welker et al. 2004). Sulfuryl fluoride was originally 
registered for termite control in 1961, under the trade name Vikane®. It is registered for this use in USA, Germany, 
Sweden, China, Japan and the Caribbean. Since 1995, Dow AgroSciences has been expanding the use pattern of 
sulfuryl fluoride for use in flour mills, under the trade name ProFume® (Schneider, and Hartsell 1999, Welker et al 
2004). Currently it is registered in USA, France, Switzerland, Germany, Italy, Belgium and the United Kingdom. In 
Canada, it has been registered since the spring of 2006 for empty structures. Dow AgroSciences has made applied 
for food tolerances in Canada, which would allow it to be used in flour mills that have partially filled bins with flour 
and mill feeds and, food additives, as is the case in the USA. 
 
Phosphine has been used extensively as a fumigant in bulk grain. However, it is rarely used in empty structures, 
because it can cause corrosion of copper and other metals and requires more time than methyl bromide to control 
insects. Using phosphine in combination with carbon dioxide and heat mitigate these problems (Mueller 1993). This 
phosphine combination treatment has been used successful in the USA to control insects in food processing facilities 
in 24 hours without corrosion. ECO2FUME®, manufactured by Cytec Canada Inc. is an effective way to deliver the 
phosphine for this combination treatment for two reasons, good control of the phosphine concentration and rapid 
release of gas. ECO2FUME is 2% phosphine in 98% carbon dioxide held under pressure in gas cylinders. 
 
 
Methods 
 
Treatments 
There were two trials with propane-fired heaters (Temp-Air) and one trial with portable steam heaters (Armstrong 
International Inc.), four trials with sulfuryl fluoride, two trials with phosphine, heat and carbon dioxide combination 
treatment and six trials with methyl bromide (Table 1). Some of these mills participated in an early study (Fields 
2004), and I kept the same numbering of the mills.  
 
Mill 1 (Propane-fired heat treatment) 
Mill 1 is a small mill (less than 10,000 metres 3 (350,000 ft3)) that produces wheat flour. Details of when this mill 
and the other mills were shut-down, treated and back in production are given in Table 1. This trial was a repeat of 
the trial done in 2003 (Fields 2004). This mill was fumigated with methyl bromide in August 2005. Temp-Air 
provided 7 propane-fired heaters (Figure 1) (Johnson and Danley 2000, Johnson and Danley 2003) that had a 
combined minimum capacity of 878,850 BTU/h and a combined maximum capacity of 19.7 million BTU/h 
(modulation system based on the outside temperature). There were: three THP-4500 heaters that provided between 
225,000 to 4,500,00 BTU/h with blowers that provided 25,000 cfm; one THP-2000 heater that provided between 
89,100 to 2,000,000 BTU/h with blowers that provided 11,000 cfm; and three THP-1400 heaters that provided 
between 60,750 to 1,400,000 BTU/h with blowers that provided 7,500 cfm. Given the size of the building, there was 
approximately 10 air exchanges/hour. These heaters were placed in outside doors and loading docks. Heat was 
delivered to various sections of the mill by means of connectible fabric ducts. Some heaters were started at 8:00 AM 
Saturday, August 4, with all heaters in operation by noon. Thirty 36-inch-fans (115 V Schaeffer fans, 11,000 cfm 
each) were placed throughout the mill to insure the good air circulation within the building. Approximately, 10,500 
L of propane was used during the heat treatment, at a cost of $ 6,600 CDN.  
 
Mill 3 (Portable steam heaters) 
Mill 3 is a medium size wheat mill (between 10,000 and 50,000 metres3 (350,000 ft3 and 1,800,000 ft3 )). Only a 
section of the entire facility was treated with heat. There were 6 Armstrong (www.armstrong-intl.com) Model CAQ-
202 “Hot Breath” portable steam heaters; each rated 270,000 BTU/h at 10 psig supply steam (Figure 2). Each heater 
discharged 4,560 cfm of controlled heated air up to 71oC (160oF). The fan motors are 120V, single phase. 
The heaters were positioned inside the space to be heat treated to provide 100% recirculation. The automatic 
discharge air controllers on each heater insure even heat-up of the building (5oC per hour) with safe discharge air 
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temperatures (71oC) for electronics and equipment. No auxiliary fans were used during the heat treatment. 
Approximate cost for the natural gas to generate the steam for the entire heat treatment was $400 CDN. 
 
Mill 4 (Methyl bromide and sulfuryl fluoride) 
Mill 4 is a medium size wheat mill (between 10,000 and 50,000 metres3 (350,000 ft3 and 1,800,000 ft3 )) that has 
milling facilities housed in two separate buildings located on the same site. Both mills were fumigated with the same 
gas on the same dates. Methyl bromide was fumigated in the usual manner (Figure 3). Tanks of methyl bromide 
were placed throughout the building. Two fumigators, wearing Self Contained Breathing Apparatus (SCBA), 
opened up the cylinders of methyl bromide. A small amount of methyl bromide was held in reserve on the outside of 
the building and methyl bromide was released into the building via flexible gas lines into the mill during the 
fumigation depending upon gas loss. Mill 4A is an older mill, Mill 4B is a newer mill. For the fumigation with 
sulfuryl fluoride in December 2005 (Figure 4) parts of the mill were heated with portable propane heaters before the 
beginning of the fumigation. As the fumigation occurred in the fall when outside temperatures were around freezing, 
the mill’s comfort heating system was also used to increase the heat. For the sulfuryl fluoride treatments, all feed 
stocks, additives, finished flour were removed from the facility before fumigation. 
 
Mill 5 (IPM and sulfuryl fluoride) 
Mill 5 is a medium sized wheat mill (between 10,000 and 50,000 metres3 (350,000 ft3 and 1,800,000 ft3). Mill 5 had 
two different treatments, sulfuryl fluoride in their main mill and an IPM program the entire facility. For the sulfuryl 
fluoride treatments, all feed stocks, additives, finished flour was removed from the facility. Three silos inside the 
mill contained flour and were sealed with clear polyethylene sheeting to prevent the exposure to sulfuryl fluoride. A 
small amount of methyl bromide was used to fumigate tarped sifters in the new mill while the old mill was under 
sulfuryl fluoride fumigation. No additional heating was used.  
 
Mill 6 (Methyl bromide and phosphine, heat and carbon dioxide) 
Mill 6 is a medium sized wheat mill (between 10,000 and 50,000 metres3 (350,000 ft3 and 1,800,000 ft3 ). Mill 6A is 
a mill and Mill 6B is a packing plant. These buildings are located on the same site and share a common ground level 
passage way, but do not share a common wall and are largely isolated from each other. Flour is loaded from the mill 
to the packing plant, but there is little material that moves from the packing plant to the mill. Both the methyl 
bromide fumigation and the combination phosphine, heat and carbon dioxide fumigation were carried out on the 
same weekend. Phosphine was used to fumigate the packing plant in November 2005 and the mill in July 2006. 
Methyl bromide was used to fumigate the mill in November 2005 and the packing plant in July 2006. 
 
The goal of using heat and carbon dioxide with phosphine (Figure 5) is to shorten the exposure time normally 
needed with phosphine to control insect populations yet reduce the problem of corrosion usually associated with 
phosphine (Mueller 1993). The building is sealed as with a methyl bromide fumigation. Unlike a methyl bromide 
fumigation, electronic equipment, (computers, microprocessors, sensors) are removed or sealed and positive air 
pressure applied (Figures 6, 7) to prevent exposure to phosphine. The day of the fumigation, the temperature is 
raised to above 25oC using propane heaters, or the mill’s comfort heaters. Propane heaters are not operated during 
the fumigation. Carbon dioxide gas is added only at the beginning of the fumigation, with the target concentration 
5%. Then phosphine gas (ECO2FUME, Figure 5) is added in small bursts to achieve a target concentration of 75 to 
100 ppm. Phosphine gas was added usually about every 2 hours to maintain the concentration between 75 and 100 
ppm.  
 
Mill 7 (Methyl bromide and propane-fired heaters) 
Mill 7 is a medium sized wheat mill. Only the mix plant was heated using one Temp-Air propane-fired heaters 
(Figure 1) (Johnson and Danley 2000, Johnson and Danley 2003) that had a THP-4500 heater that provided between 
225,000 to 4,500,000 BTU/h with a blower that provided 25,000 cfm. Given the size of the building there was 
approximately 10 air exchanges/hour. This heater was placed in an outside door. Heat was delivered to various 
sections of the mill by means of connectible fabric high temperature tolerant ducts. Approximately 30 36-inch-fans 
(115 V Schaeffer fans, 11,000 cfm each) were placed throughout the mill to insure the good air circulation within 
the building. Approximately, 2500 L of propane was used during the heat treatment, which cost a total of $1500 
CDN. 
 
Mill 8 (Sulfuryl fluoride)  
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Mill 8 is a small sized wheat mill (less than 10,000 metres3 (350,000 ft3 ). For the sulfuryl fluoride treatments, all 
feed stocks, additives and finished flour in bags was removed from the facility. Three silos inside the mill contained 
flour and were sealed with clear polyethylene sheeting to prevent the exposure to sulfuryl fluoride. No additional 
heating of the mill was undertaken. 
 
Efficacy Assessment 
 
Dome traps 
Dome traps (Figure 8) that are specific for trapping flour mill insects were placed on the roll stand floor and the 
sifter floor, 5 to 10 traps/floor and the insects removed and counted each week. These traps were purchased from 
Trece Inc (http://www.trece.com/). The traps were in the mill 3 to 9 weeks before the control treatments and for at 
least 18 weeks post-treatment. The traps were baited with a pheromone for the confused and red flour beetles 
(Tribolium confusum and Tribolium castaneum) and a vegetable oil attractant. The vast majority of insects caught in 
the traps were flour beetles, and those data are reported here. The insect numbers are expressed as a percentage of 
the pre-treatment populations. The mean number of insects/trap/day in the pre-treatment periods was calculated and 
the means and standard error of the means (SEM) divided by pre-treatment mean and multiplied by 100 to give a 
standardized measure of the efficacy. Mill 4 and Mill 6 were followed for more than one treatment, the same initial 
pre-treatment estimate was used for all treatments. There was no estimate of insect populations in the immediate 
area outside the mills, as was done in other studies (Campbell et al. 2002). 
 
Rebolt sifter tailings 
In Mills 1 and 3, no insects were seen in the rebolt sifter tailings. In Mill 4, 1 kg (2.2 lbs) samples were taken each 
day from Monday to Friday and the number of live and dead adults was counted. In Mill 5, all insects were counted 
for rebolt sifter tailings 3 times each 24 hours. In Mill 6, 2 kilogram samples were taken from the rebolt sifter 
tailings barrel in the mill and in the packing plant. An estimate of the total flour in the tailings barrel is made to 
calculate the total number of insects in the barrel. Both of these rebolt sifters pull flour from the same bins. In Mill 8, 
tailings samples were taken immediately after every load and inspected. Findings are documented on the loadout 
sheet. Information to include on the tailings forms: which bin that product came from, which loadout bin it went to, 
which customer and time, insects (if any) dead or alive, larva or any unusual findings. Samples for the entire week 
were summed. Insect counts were divided by the number of days of sampling and the daily average calculated for 
the pre-treatment period, and all numbers divided by this to express the insect count data as a percentage of pre-
treatment levels. 
 
Bioassays 
The red flour beetle (Figure 9), Tribolium castaneum (Steinbach strain), was used as a test insect. They were reared 
on white wheat flour with 5% brewer's yeast at 30oC, 60% relative humidity. Twenty unaged adults of unknown sex 
were placed in 16 g of culture medium in plastic vials, 4-8 days before the treatment, and held at 20-30oC, (86oF) 
60% relative humidity. So at the time of the treatment there were 20 adults per vial and an unknown number of 
immatures, most would be in the egg stage. Eight vials were used as controls. They were treated as the insects 
exposed to the treatment, but they were not held in the mill during the treatment. Twenty-five vials were placed 
thorough-out the mill a few hours before the treatment and retrieved a few hours after the end of the treatment. 
About half of the vials were placed in the middle of the mill and half of them near windows or doors. In some of the 
treatments, a group of vials were placed at one location, and pulled at regular intervals during the treatment (Figure 
10). Data loggers (Hobo Dataloggers, Onset Computers Inc.) were placed with each vial, and the temperature 
recorded every 15 minutes (Figure 10).  
 
Results 
 
A summary of the conditions for the treatments is given in Table 1 and a summary of the efficacy given in Table 2.  
 
Heat treatments insect bioassays 
There were 3 treatments with heat, two (Mill 1, 7) that used external propane-fired heaters (Temp-Air) (Figure 1), 
and one (Mill 3) that use internal portable-steam-powered heaters (Armstrong International Inc.) (Figure 2). The 
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time above 50 oC and maximum temperature gives a general measure of the quantity of heat in the building. For Mill 
1 (propane heaters), the average time above 50 oC was 24.4 h and average maximum temperature was 65 oC (Table 
3). For Mill 7 (propane heaters), the average time above 50 oC was 26.4 h and average maximum temperature was 
57.8oC (Table 4). For Mill 3 (steam heaters) the average time above 50 oC was 24.9 h and average maximum 
temperature was 56.5 oC (Table 5).  
 
All insects, both adults and eggs, were dead in the 2 propane-fired heat treatments in Mill 1 and 7 (Table 3, 4). In 
Mill 1, in the timed sequence all insects were dead by 10 h after the heating began and the final temperatures had 
reached 57 oC (Table 6). In Mill 7, in the timed sequence all insects were dead by 5.5 h after the heating began and 
the temperature had reached 53oC (Table 7).  
 
In Mill 3, the steam heat treatment, most bioassay insects were all dead except at 4 of the 25 locations (Table 5). 
Two of these locations had only 30% mortality of the adults. One location was on the roll stand floor near an outside 
wall and had a maximum temperature of 53.5oC. The floor below the roll stand floor was not heated. The other 
location was on the 4th floor on a window sill and had a maximum temperature of 52.4oC. These maximum 
temperatures are lower than the other locations in the mill, but there were a few other locations with similar 
maximum temperatures, vials 1, 4, 20 and 21, yet they all had 100% mortality. The other two locations that had 
survival, had over 99% mortality. In the timed sequence, all insects were dead by 21 h after the heating began and 
the temperatures had reached 53-57oC (Table 8).  
 
The only damage caused by the heat treatments was in Mill 1, one sprinkler head was activated because during the 
start-up one of the fabric ducting was not properly anchored and hot air was directed at sprinkler head. The duct was 
rerouted and anchored to overcome the problem. Mill 3 and Mill 7 exhibited no damage to the building, processing 
equipment or electronics. 
 
Sulfuryl fluoride insect bioassays 
Sulfuryl fluoride was used under an experimental use label in Mill 4, and under regular pesticide registration in Mill 
5 and 8. Both these labels did not allow for the treatment of food products. So the mills were emptied of all wheat, 
feed, partially and finished milled products and additives. In Mills 5 and 8, silos within the mill containing finished 
flour were sealed and not exposed to sulfuryl fluoride. In the USA and other countries, food products can be treated 
with sulfuryl fluoride and do not need to be removed from the facilities. In Canada, Dow AgroSciences has applied 
to the Health Canada to allow for the fumigation of food products, but has not yet received approval for treating 
food products. 
 
Sulfuryl fluoride has a range of times and doses that is adjusted in relation to the life stage and species targeted. The 
red flour beetle, the insect used in the bioassay and a common pest of flour mills in Canada, has a relatively high 
tolerance to sulfuryl fluoride. Eggs are the most tolerant life stage. In general, there are two doses, a high dose that 
will kill all life stages, and a lower dose that will kill all post embryonic life stages and some but not all of the eggs. 
The sulfuryl fluoride doses used in these trials, range from the dose to kill all post-embryonic life stages (target CT 
= 428 gh/m3; Mill 4, December 2004), to the dose to kill all life stages (target CT= 645-965 gh/m3; Mill 4, October 
2005; Mill 5, August 2006; Mill 8, June 2006, target CT was adjusted for temperature). 
 
In contrast to methyl bromide in which the cylinders (Figure 3) are placed in the mill, cylinders of sulfuryl fluoride 
(Figure 4) are placed outside the building and lines run to different locations within the mill. In these fumigations 
the number of gas release lines was as follows: 25 lines Mill 4A; 7 lines Mill 4B, 17 lines Mill 5, 9 lines Mill 8. As 
with methyl bromide, sulfuryl fluoride was added during the fumigation.  
 
For all sulfuryl fluoride fumigations, there was 100% mortality of the bioassay adults (Table 9-13). The average 
mortality of bioassay immatures (mostly eggs) was 36% in Mill 4A and 63% in Mill 4B, December 2004 with a CT 
of 457-490 gh/m3 (Table 9). This was expected, as the dose chosen was the low dose targeting post-embryonic 
stages. The other 3 fumigations used the high dose with CTs from 832 to 1280 gh/m3 and gave average control of 
bioassay immatures from 94.5 to 99.9% (Table 9-11). 
 
The average temperature in Mill 4 during the December 2004 fumigation was 19oC in Mill 4A and 23oC in Mill 4B 
(Table 9), which is cooler than fumigations done with sulfuryl fluoride in the USA. As with most fumigants, higher 
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temperature improves efficacy. There was a strong correlation between temperature and mortality (Figure 11). 
During the second sulfuryl fumigation an effort was made to raise the mill temperature by turning up the heat for the 
comfort heaters and using propane fired heaters before the fumigation began. This increased the average temperature 
to 26oC (Table 9). The other mills that used sulfuryl fluoride did the fumigations during the summer, did not use 
heaters, and had average temperatures of 24.3oC (Mill 5) and 29.5oC (Mill 8).  
 
Some of the insect bioassays were removed from the fumigation after different durations. In Mill 5 for red flour 
beetle, all adults were dead after 2 h (CT= 118 gh/m3), all immatures were dead after 16 h (CT = 1150 gh/m3) (Table 
12). In Mill 8 for red flour beetle, all adults were dead after 4 h (CT= 259 gh/m3), all immatures were dead after 12 h 
(CT = 803 gh/m3). In Mill 8 for confused flour beetle, all adults were dead after 4 h (CT= 259 gh/m3), all immatures 
were dead after 8 h (CT = 529 gh/m3) (Table 13). 
 
Phosphine, heat and carbon dioxide insect bioassays 
The treatment with phosphine, heat and carbon dioxide was unique in the trials in that a methyl bromide treatment 
was done on the same date as the alternative treatment, but in a different part of the facility. The first fumigation was 
done in November 2005, the packing plant was fumigated with phosphine and the mill fumigated with methyl 
bromide. For the second fumigation, the packing plant was fumigated with methyl bromide and the mill with 
phosphine, heat and carbon dioxide.  
 
All adults in the bioassays were killed with the phosphine combination treatment on both of the dates (Table 14). 
Some of the electrical boxes were sealed, a pressurized hose attached and a small amount of air bled into the line to 
prevent phosphine from entering into equipment where corrosion is a concern. Vial #16, November 2005, was 
placed in a sealed electrical box, so no mortality was expected. The average immature mortality in the phosphine 
combination treatment was 98.6% for the 2005 fumigation and 99.5% for the 2006 fumigation.  
 
The phosphine did cause corrosion on the copper strips placed in the packing plant. The copper plates were 
blackened (Figure 12) and gained weight and lost weight after cleaning with HCl (Table 15), whereas the controls 
and the methyl bromide fumigated strips did not. Some equipment that was sealed was exposed to phosphine gas. 
Each piece of equipment that was sealed had a line for delivering compressed air and a second line for gas sampling. 
In the 2005 fumigation, 9 sealed boxes had phosphine from 25 to 115 ppm, due to a malfunction in the delivery of 
the compressed air. However, none of these pieces of equipment had problems after the fumigation. After the 2005 
fumigation, one light at the top floor of the mix plant needed a ballast replaced. This may have been unrelated to the 
fumigation. After the 2006 fumigation there was no failure of the equipment at start-up.  
 
Methyl bromide insect bioassays 
There were several methyl bromide fumigations that were part of this project; in Mill 4 (Table 16), Mill 6 (Table 14, 
17) and Mill 7 (Table 18). All adults in the bioassay were killed in all the fumigations. For the immatures in the 
bioassay, occasionally there was a small amount of survival (Table 14, 16).  
 
 
 
Rebound of insect populations caught in traps and rebolt tailings 
It is difficult to estimate the populations of insects in flour mills. Flour beetles are small, cryptic and the populations 
are not uniformly distributed throughout the mill. Insect populations change rapidly. At 30oC, 70% relative 
humidity, red flour beetle populations increase 70 fold per month. For example, a small population of 10 red flour 
beetles if left undisturbed would increase to 700 in one month and to 50,000 in 2 months. 
 
We used two methods to estimate flour mill populations in the mill, sampling using pheromone traps and counting 
insects found in the rebolt sifter tailings. The pheromone traps were placed on the roll stand floor and the sifter floor. 
Occasionally, traps were placed elsewhere in the mill, for example the basement in Mill 8. All mills used pheromone 
traps. Not all mills regularly sampled the rebolt sifter tailings for insects, some mills never found insects in the rebolt 
sifter tailings, although insects were trapped in the pheromone traps. Finally, treatments occurred both in the fall and 
summer. Pest pressures would be greater after a fumigation in the summer because the mill temperatures are warmer 
than during the winter. Also, factors unrelated to the efficacy of the treatment could affect insect populations; such 
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as cleaning regimes, importation of infested products, products or areas in the mill that are held outside the 
treatment.  
 
Heat treatment population rebound 
For the three mills that used heat treatments, none of the insects returned to the pre-treatment levels with the19-20 
weeks of pheromone sampling (Table 2, 19). Mill 1 and 3 had very low levels throughout the post treatment 
sampling. Mill 7 which used propane-fired heaters, consistently had insects in the pheromone traps (insects found on 
both floors for 3 consecutive weeks) 2 weeks after heat treatment. Mills 1 and 3 never have had significant numbers 
of insects in rebolt sifter tailings before or after treatments. Mill 7 does not regularly check for insects in rebolt sifter 
tailings. 
 
Sulfuryl fluoride population rebound 
For the 3 mills that used sulfuryl fluoride there was a wide variation in rebound of insects after fumigation. The low 
concentration (CT = 457 gh/m3), combined with the cool temperatures during the fumigation (18.9 oC) were 
probably contributing factors to the rebound in Mill 4A. Insects were regularly found in pheromone traps after 16 
weeks, the rebound to pre-treatment levels (over 100%) occurred after 13 to 18 weeks (Table 2, 20). Insects were 
consistently found in the tailings after 21 weeks, and at very high levels (Table 2, 21). A second fumigation with 
sulfuryl fluoride at the high concentration (CT = 1096 gh/m3) and at higher temperatures (26.5oC), still saw insects 
regularly being caught in pheromone traps 11 weeks after the fumigation (Table 2, 20), although the time to rebound 
to pre-treatment levels occurred after 17-25 weeks. The major difference with the second fumigation in Mill 4A was 
that the insects in the rebolt sifter tailings remained low until 26 weeks after the fumigation (Table 2, 21).  
 
Mill 8 used similar concentrations (CT = 836 gh/m3) as the 2005 fumigation in Mill 4A. However, populations 
quickly rebounded. Insects were regularly found in pheromone traps 5 weeks after fumigation, populations returned 
to pre-treatment levels after 3-8 weeks (Table 2, 20). Insects were regularly found in the rebolt sifter tailings 3 
weeks after fumigation and returned to pre-treatment levels after 12 weeks (Table 2, 21). The insects in the roll stand 
floor were not consistently found before the fumigation, so the sifter floor and basement probably give a better 
indication of the population trends before and after the fumigation. Some flour remained in the mill silos. It was 
sealed off from the rest of the mill and was not exposed to sulfuryl fluoride. One reason that the populations 
rebounded so quickly in Mill 8 after the fumigation could be that these unfumigated silos served as a source of 
insects that quickly reinfested the mill. 
 
Mill 5 used the highest concentration tested in these trials (CT = 1280 gh/m3). Although insects were found in 
pheromone traps regularly on the sifter floor for 4 weeks right after the fumigation, these numbers quickly dropped 
and remained low the remaining 14 weeks post fumigation sampling (Table 2, 20). One suggestion is that the insects 
found in the traps were on the window sills that were covered with polyethylene and outside the fumigated area, but 
still inside the mill. Insects on the roll stand floor did not rebound within the 18 weeks of sampling after the 
fumigation. There were some insects in the rebolt sifter tailings right after the fumigation. This mill did not divide 
live and dead insects, and these insects were probably dead insects that were being flushed from the system after the 
fumigation.  
 
Phosphine, heat and carbon dioxide population rebound 
In the December 2004 fumigation in the packing plant with the phosphine combination treatment, the insects were 
consistently found in the traps after 29 weeks, the same length time it took the insects to the pre-treatment levels 
(Table 22). Insects in the rebolt sifter tailings were regularly found after 23 weeks, and reached pre-treatment levels 
after 33 weeks (Table 23). 
 
In the July 2006 fumigation in the mill, the insects were regularly found in the traps after 10 weeks and returned to 
pre-treatment levels in the sifter floor after 7 weeks and never returned to original levels in the roll stand floor 
(Table 2, 22). Insects in the rebolt sifter tailings were regularly found after 5 weeks, and reached pre-treatment levels 
at 5 weeks after treatment (Table 23). Rebolt sifter tailings should be interpreted with caution because although one 
rebolt sifter is located in the mill and the other in the packing plant both pull flour from the same bins. 
 
 
Methyl bromide population rebound 
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The efficacy of methyl bromide fumigations were assessed in Mill 4, Mill 6 and Mill 7. In Mill 4A the two methyl 
bromide fumigations were done at the upper level of the label rate Mill 4A (November 2003: 38-50 g/m3, CT = 377 
gh/m3; May 2005: 24-67 g/m3, CT = 447 gh/m3) The label rate for methyl bromide is 16 to 48 g/m3. For the 
fumigation in November 2003 with methyl bromide, insect populations remained low both in the traps and in the 
rebolt sifter tailings for over 31 weeks (Table 24, 25). For the fumigation in June 2004, the insects were not 
consistently found in the traps in the 25 week sampling after the fumigation (Table 2, 24). Insect levels in the 
tailings rebounded after 16 weeks. For the fumigation in May 2005, the insects were consistently found in the traps 
after 17 weeks, and had returned to the pre-treatment levels after 22 weeks on the roll stand, but did not on the sifter 
floor (Table 2, 24). Insect levels in the tailings rebounded after 15 weeks. The new mill, Mill 4B, after the first 
fumigation with methyl bromide in November 2003, insects caught in traps remained at low levels for the rest of the 
study, so it is impossible to determine the efficacy of the subsequent fumigations. 
 
The methyl bromide fumigations in Mill 6 were conducted at the same time as the phosphine combination 
fumigations. In the December 2005 fumigation in the mill plant with methyl bromide the insects were consistently 
found in the traps after 25 weeks (vs. 29 weeks with phosphine), the insects returned to pre-treatment levels in 29 
weeks (vs. 29 weeks with phosphine). Insects were consistently found in rebolt sifter tailings after 22 weeks (vs. 23 
weeks with phosphine), the insects returned to pre-treatment levels in 25 weeks (vs. 33 weeks with phosphine). In 
the July 2006 fumigation in the packing plant, the insects were regularly found in the traps after 9 weeks (vs. 10 
weeks with phosphine) and returned to pre-treatment levels after 2-3 weeks (vs. 7 to 17+ weeks with phosphine). 
Insects were consistently found in rebolt sifter tailings after 4 weeks (vs. 5 weeks with phosphine), the insects never 
returned to pre-treatment levels in 18 weeks of sampling (vs. 5 week with phosphine). 
 
Although the two buildings, mill and packing plant, are well isolated from a fumigation perspective, they are not 
from a product flow perspective. Flour and any insects in the flour would flow from the mill to the packing plant, 
but little product flows from the packing plant to mill. The insect Dome trap that caught over 50% of the insects 
trapped in the packing plant were from one trap on the first floor, close to the barrels that hold the tailings from the 
rebolt sifter. Hence, a large insect population in the mill could increase the insects caught in traps in the first floor 
packing plant. Also for the rebolt sifter tailings, the two sifters pull floor from the same bins.  
 
Finally, the fumigation with methyl bromide in Mill 7 saw insects consistently in the traps after 25 weeks, but 
populations had not reached pre-treatment levels when the study ended after 33 weeks. 
 
Fumigant Concentrations 
The efficacy of fumigants depends upon several factors: susceptibility of insects to fumigant, concentration, duration 
of exposure and temperature. The concentration is a combination of how much fumigant is released into the building 
and how quickly the fumigant leaks out of the building. The CT value is obtained by multiplying the concentration 
of gas (g/m3) by time (h). For most fumigants, within limits, the CT is relatively constant. In other words, if you 
double the concentration, you can half the time and still get the same mortality. The other important factor in a 
successful fumigation is good sealing of the structure before the fumigation. The gas tightness of a structure is 
measured by Half Loss Time (HLT). This is the time it takes for half the fumigant to leak from the building. Wind 
can significantly decrease HLT. Finally, all fumigants are more effective at higher temperatures. The Fumiguide™, 
is a computer program created by Dow AgroSciences to guide fumigators in ProFume fumigations. I used the 
Fumiguide as a consistent way to calculate the CT and HLT for all the fumigants, methyl bromide and sulfuryl 
fluoride (ProFume). All of these gases were measured in g/m3. Phosphine was added about every 2 hours, so it was 
not possible to calculate a CT or HLT values using the Fumiguide. Also, the CT for phosphine is not linear with 
time. In other words, for phosphine, you can not double the concentration and half the exposure time and get the 
same mortality.  
 
Mill 4A had about the same HLT, 4.9-6.3 h, for all fumigations (Table 2, 26, 28). Mill 4B, a new mill that had never 
been fumigated before November 2003, had a very short HLT, 1.2 h (Table 27). Subsequent fumigations in Mill 4B 
had better sealing, and HLT increased to 5.3 h (Table 27, 29), similar to the old mill on the same site, Mill 4A. The 
other mills had similar HLT; 6.0, 4.5, 4.3 h and 3.5 h, Mills 5, 8, 6 and 7 respectively (Table 30, 31, 32, 33). Modern 
milling facilities with explosion panels, such as Mill 4B, can be leakier than older facilities. However, with effort the 
gas tightness of these facilities can be increased. The HLT of these Canadian facilities are much lower than the mills 
in the USA, which have HLT around 10 h (Williams 2005). If HLT of the mills tested could be increased to 10 h, 
then 40% less fumigant, methyl bromide or sulfuryl fluoride would be needed (estimations made using the 
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Fumiguide).  
 
The CT varied considerably between trials. For methyl bromide, it varied from a low of 108 to a high of 433 gh/m3. 
Initial concentrations also varied from over 60 g/m3 to less than 20 g/m3 (Figures 13-19). For some of the 
fumigations with methyl bromide, we were unable to calculate the CT, because there were too few readings (Mill 
6A, November 2005, Figure 25), or the Fumiscope was out of calibration (Mill 6, November 2006).  
 
For sulfuryl fluoride, the CT varied from a low of 457 gh/m3 to a high of 1280 gh/m3 (Table 2, 28-31). Sulfuryl 
fluoride has two target CTs for red flour beetles, one at approximately 400 gh/m3 for post embryonic life stages, 
killing some eggs and a second at approximately 700 gh/m3 for all life stages. The first fumigation at Mill 4 used the 
low dose as its target, and the fumigators were very effective at making the target dose with 457 gh/m3 and 490 
gh/m3 in the Mills 4A and Mill 4B. Mill 4A saw a large resurgence of insects in the pheromone traps and the rebolt 
sifter tailings 15 to 18 weeks after the fumigation with sulfuryl fluoride (Table 20, 21). For the subsequent 
fumigations with sulfuryl fluoride the high dose was chosen, and the CTs ranged from a low of 836 gh/m3 to a high 
of 1280 gh/m3. One advantage of the Fumiguide – Profume system is that if the CT is reached before the 24 h is up, 
as was the case in Mill 4B, October 2005, the fumigation can be stopped early, in this case 14 h into the fumigation 
(Figure 22). 
 
For the phosphine, heat and carbon dioxide fumigation, the different techniques used for applying the gases are seen 
in Figures 27-30. Carbon dioxide is added to the structure at the beginning of the fumigation, target concentration is 
5% carbon dioxide. After this, the only carbon dioxide added to the structure is from the ECO2FUME, but this is 
only very small amount, so the carbon dioxide concentrations drop over time. The target of the phosphine 
concentration is between 60 and 100 ppm. To maintain this narrow band of phosphine concentration throughout the 
fumigation, phosphine is added as ECO2FUME (mixture of 2% phosphine in 98% carbon dioxide) approximately 
every 2 hours. 
 
Discussion 
 
For several reasons it is difficult to make direct comparisons between treatments because they were carried out at 
different mills or the same mill treated at different times. Mills differ in age of the building, age of equipment, 
cleaning practices, location, which effects outside temperatures and humidity, grain milled and product produced. 
All these factors affect the pest pressure that a facility faces. A good example is Mill 4A and Mill 4B. Both mills 
were fumigated at the same time. Mill 4A has older equipment in an old building with wooden floors and insect 
populations are difficult to control. Mill 4B has new equipment in a new building and after the initial fumigation in 
December 2003, insects populations remained very low through out 2.5 years of the study.  
 
There is limited replication with regard to treatments. There were 3 heat treatments, done in two different ways. 
There were 4 sulfuryl fluoride treatments, one at the low dose and three at the high dose. There were two phosphine 
combination treatments. There were seven methyl bromide fumigations. Even treatments done in the same mill are 
done at different times, so pest pressures may be different from one treatment to another. For example, the pest 
pressure will be much greater in the summer than the winter. One would expect that all things being equal, the 
rebound of insect populations from a treatment in the fall would be slower than a treatment done in the spring. There 
were only 4 fumigations with sulfuryl fluoride, each with a different concentration or in a different mill. Sulfuryl 
fluoride does not yet have food tolerances in Canada, so some of the bins contained flour, but were isolated from the 
gas to prevent food contact. This may have been the reason that insects populations rebounded quickly in one mill 
that used sulfuryl fluoride. Whereas, methyl bromide can be used to treat flour remaining in the mill. The phosphine, 
heat and carbon dioxide had only 2 treatments, and there are problems using the twinned methyl bromide for 
comparisons.  
 
Despite the limitations, this project has provided Canadian flour millers and pest control operators with many 
opportunities to test several alternatives to methyl bromide in their facilities. Sulfuryl fluoride, heat and phosphine 
combination treatment (phosphine, heat and carbon dioxide) can control insect populations in flour mills for over 18 
weeks. 
 
For any of the fumigants tested, methyl bromide, sulfuryl fluoride or phosphine, improved sealing in Canadian flour 
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mills before fumigation, would allow for effective fumigations with less gas. Many flour mills in the USA are much 
better sealed than the Canadian mills we tested. The American mills have Half Loss Times twice that found in mills 
in this study. Higher temperatures would also improve the efficacy of any of the fumigants. For example, the CT for 
sulfuryl fluoride needed to control red floor beetle eggs is 1768 gh/m3 at 25oC, but only 1154 gh/m3 at 30oC (Table 
34, Bell et al. 1999). Comfort heaters could be used during the summer to increase mill temperatures, or additional 
heaters could be used for fall fumigations. 
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Contact Information of Pest Control Service Providers 
 
Sulfuryl Fluoride Fumigation 
Paul Foran 
Dow AgroSciences LLC 
151 Martin Road 
Delaware, ON N0L 1E0, Canada 
Telephone: (519) 652-3037 
Fax: (519) 671-4468 
Email: pgforan@dow.com  
www: http://www.dowagro.com/profume/index.htm  
 
John Veselisin 
District Manager 
Orkin/PCO Services Corp.  
237 Marton St., Unit 101 
Stoney Creek, ON L8E 2K4, Canada 
Telephone: (905) 662-8494 
Fax: (905) 961-1895 
Email: jveselisin@pcocanada.com  
www: http://www.orkincanada.ca/en-ca/  
 
Mark Campbell 
Regional Manager 
Abell Pest Control 
781 McTavish Rd. NE 
Calgary, AB T2E 7G8, Canada 
Telephone: (403) 252-3155 
Fax: (403) 253-8525 
Email: mcampbell@abellgroup.com  
www: http://www.abellpestcontrol.com  
 
Portable Steam Heaters 
Tom Rockwell 
Heat Treatment Manager 
Armstrong International Inc 
816 Maple St. 
Three Rivers, MI 49093 USA 
Telephone: (269) 279-3129 
Fax: (269) 273-9057 
Email: rock@armstrong-intl.com  
www: http://www.armstrong-intl.com  
 
 
 
 
Phosphine, Heat and Carbon Dioxide 
Mike DePaulo 
Technical Sales Representive 
Cytec Canada Inc. 
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P.O. Box 240 
Niagra Falls, ON L2E 6T4, Canada 
Telephone: (905) 374-5918 
Fax: (905) 374-5979 
Email: mike.depalo@cytec.com  
www: http://www.cytec.com 
 
Martin St Pierre 
Maheu and Maheu 
1300 Gay-Lussac Bureau 101, Bureau 195 
Boucherville, QC J4B 7G4, Canada 
Telephone: (514) 809-2146 
Fax: (514) 397-9000 
Email: mstpierre@maheu-maheu.com  
www: http://www.maheu-maheu.com/  
 
Propane-Fired Heaters 
Raj Hulasare 
Temp-Air 
One Rupp Plaza 
3700 West Preserve Blvd 
Burnsville, MN 55337-7746, USA 
Telephone: (952) 240-3630 
Fax: (952) 707-5104 
Email: rhulasare@temp-air.com  
www: http://www.temp-air.co 
 
Sampling 
Dean Stanbridge 
Steritech Group Corp. 
Box 246 Stn. Main 
348 Bronte St South, Unit 9 and 10 
Milton, Ontario L9T 4N9, Canada 
Telephone: (905) 878-8468 
Fax: (905) 878-9223 
Email: dstanbridge@steritech.com  
www: http://www.steritech.com  
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Table1. Summary of treatments. 
 
Treatment Mill # Plant Start Date Mill 

Preparation 
Time (h) 

Duration 
of 

Treatment 
(h) 

Duration of 
Post treatment 

(h) 

Plant Shut Down 
Time (h) 

Heat 1 mill 8:00 August 4, 2006 25.5 29.25 2.25 64 
Heat 3 mill 17:00 June 16, 2006 5 24 2 33.5 
Heat 7 mix plant 12:30 September 15, 2006 19 28.25 12.25 79.5 
SF 4A old mill  11:00 December 2, 2004 36 27 6 96 
SF 4B new mill 11:00 December 2, 2004 34 29 6 96 
SF 4A old mill  11:00 October 21, 2005 15 29.5 28.5 96 
SF 4B new mill 11:00 October 21, 2005 13.5 13.5 46 96 
SF 5  mill 12:00 August 4, 2006 24.5 22 12.5 67 
SF 8 mill 3:00 June 30, 2006 30.75 24.25 6 104 
PH3

 combo 6B packing 14:00 November 11, 2005 6.5 26.5 12 53.75 
PH3

 combo 6A mill 18:30 July 13, 2006 51 26.5 4 92 
MB 4A old mill 11:00 November 6, 2003* 33 33.5 9.5 94.5 
MB 4B new mill  11:00 June 11, 2004* 33 33.5 9.5 94.5 
MB 4A old mill  11:00 June 11, 2004* 10 32 7 72 
MB 4B new mill 11:00 May 13, 2005* 10 32 7 72 
MB 4A old mill  11:00 May 13, 2005* 10 32 7 72 
MB 4B new mill 11:00 May 13, 2005 10 32 7 72 
MB 6A mill 02:00 November 10, 2005 40.75 28.25 12 101 
MB 6B packing 22:00 July 14, 2006 23.5 25 5 60 
MB 6A mill 7:00 November 24, 2006 37 24 3.5 74 
MB 6B packing 23:00 November 24, 2006 21 24 3.5 56 
MB 7 mill 13:00 June 2, 2006 6 25 11 46 
 
* approximate times
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Table 2. Summary of efficacy. 
 

Trap catches 
Rebound Time (wks) 

 Tailings 
Rebound Time (wks) 

Method Mil
l # 

Plant Start  
Date 

Temp. 
Inside  
(oC) 

Temp. 
Outside 

(oC) 

Gas 
 

CT 
 

(gh/m3)

Gas 
Half 
Loss 
Time 
(h) 

Bioassay 
Adult 

Mortality 
(%) 

Bioassay 
Immature 
Mortality  

(%) 
Regularly 
Found* 

 

To 
100% 
Levels 
Roll  

Stand 
** 

To 
100% 
Levels 
Sifter 

** 

 Regularly 
Found* 

To 
100% 

Levels**

Heat 1 mill Aug./06 56.5 27.5 - - 100 100 20+ 20+ 20+  - - 
Heat 3 mill June/06 49.7 23.7 - - 94 99.6 20+ 20+ 20+  - - 
Heat 7 mix Sept./06 51.1 18.8 - - 100 100 2 19+ 19+  - - 
SF 4A old mill Dec./04 19.8 2.6 457 6.3 100 35 16 13 18  21 9 
SF 4B new mill Dec./04 24.2 2.9 490 2.9 100 63 *** *** ***  - - 
SF 4A old mill  Oct./05 27.6 7.0 1096 5.8 100 96 11 17 25  26 26 
SF 4B new mill Oct./05 27.0 4.6 1180 5.3 100 92 *** *** ***  - - 
SF 5  mill Aug./06 29.5 20.8 1280 6.0 100 99.7 18+ 18+ 1  23+ 18+ 
SF 8 mill June/06 31.7 24.3 832 4.7 100 99.6 5 3 8  3 12 
PH3 6B packing Nov./05 33.2 3.7 - - 100 98.6 29 29 29  23 33 
PH3 6A mill July/06 33.4 25.1 - - 100 99 10 17+ 7  5 5 
MB 4A old mill Nov./03 16.4 -5.1 365 5.7 100 - 30+ 30+ 30+  31+ 31+ 
MB 4B new mill Nov./03 24.2 -5.1 108 1.2 100 - 30+ 30+ 30+  - - 
MB 4A old mill June/04 - - 365 6.3 - - 25+ 25+ 25+  14 16 
MB 4B new mill June/04 - - 279 12.0 - - 25+ 25+ 25+  - - 
MB 4A old mill May/05 24.3 13.4 443 4.9 100 99.8 17 22 22+  14 15 
MB 4B new mill May/05 28.9 13.4 273 5.3 100 100 *** *** ***  - - 
MB 6A mill Nov./05 27.3 3.6 - - 100 100 25 19 29  22 25 
MB 6B packing July/06 40.0 25.1 210 4.3 100 100 9 2 3  4 18+ 
MB 6A mill Nov./06 27.6 5.1 - - 100 100 - - -  - - 
MB 6B packing Nov./06 29.9 5.1 - - 100 100 - - -  - - 
MB 7 mill June/06 24.7 13.2 242 3.5 100 100 25 33+ 33+  - - 

* 3 weeks of insects detected in both roll stand and sifter floors or in tailings 
** Weeks for populations to return to 100 % pre-treatment levels. 
*** Initial numbers too low to estimate rebound 
+ Insects were not found 3 weeks in a row, or had not reached 100% of pre-treatment during study 
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Table 3. The temperatures at the various locations in Mill 1, heated with propane-fired heaters on August 5 – 6, 2006. Initial temperatures were between 22 and 30 oC, 
(72 and 86oF). 
 

Vial Description Location Time to 
45oC / 
113 oF 

(h) 

Time 
Above 
45oC 

/113 oF 
(h) 

Time to 
50oC / 
122 oF 

(h) 

Time 
Above 
50oC / 
122 oF 

(h) 

Max. 
Temp. 
(oC) 

Max. 
Temp. 

(oF) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

(%) 

1 West middle bins basement 4.0 26.5 7.0 22.75 62.0 143.6 100 100 
3* Time sequence basement 3.25 27.0 6.0 23.25 66.6 151.9 100 100 
4 SW corner basement 7.0 23.5 7.0 22.5 66.6 151.9 100 100 
5 Shorts bin 1st floor 2.0 28.5 3.5 26.5 70.9 159.6 100 100 
6 SW corner 1st floor 7.25 23.25 8.0 22.25 65.0 149.0 100 100 
7 West middle bins 1st floor 3.5 27.0 4.25 25.75 66.6 151.9 100 100 
8 North stairwell 1st floor 3.25 27.25 3.5 26.5 71.8 161.2 100 100 
9 NW corner 1st floor 0.75 29.75 1.0 29.0 64.2 147.6 100 100 
10 North stairwell 2nd floor, 4.25 26.25 4.5 25.75 69.1 156.4 100 100 
11 Roll floor, North wall 2nd floor 4.5 26.0 6.0 24.25 59.9 139.8 100 100 
12 NW bins 2nd floor 2.75 27.5 4.0 26.25 66.6 151.9 100 100 
13 Top of roller 2nd floor  2.5 28.0 4.0 26.25 67.4 153.4 100 100 
14 Main area, South stairs 2nd floor 3.25 27.0 3.5 26.25 68.3 154.9 100 100 
15 Main area, middle stairs 2nd floor  4.5 26.0 6.5 23.75 62.0 143.6 100 100 
16 West side, bins 2nd floor 3.75 26.5 4.75 25.5 69.1 156.4 100 100 
17 Middle stairwell 2nd floor 6.25 24.0 8.0 22.25 57.2 135.0 100 100 
18 ‘A’ mill top of sifter 3rd floor 5.0 25.25 6.75 23.5 62.7 144.9 100 100 
19 ‘B’ mill inside sifter 3rd floor 2.5 27.75 3.75 26.5 69.1 156.4 100 100 
20 ‘A’ mill sifter floor 4th floor 7.25 23.25 9.0 21.25 60.6 141.1 100 100 
21 ‘A mill top of additive 4th floor 5.5 24.75 7.25 23.0 61.3 142.3 100 100 
22 ‘B’ mill under air tubes 4th floor 1.5 28.75 4.25 26.0 66.6 151.9 100 100 
23 ‘B’ mill by outside door 4th floor 3.5 26.75 5.0 25.25 66.6 151.9 100 100 
24 ‘A’ mill bin catwalk 5th floor 9.0 21.25 11.75 18.50 58.6 137.4 100 100 
25 ‘A’ mill East side 5th floor 6.0 24.25 7.75 22.5 60.6 141.1 100 100 
Mean   4.3 26.1 5.7 24.4 65.0 149.0 100 100 
 
* location of timed sequence (Table 5), vials removed approximately every 2 hours. 
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Table 4. The temperatures at the various locations in Mill 7, heated with propane-fired heaters on September 16-17, 2006. Initial temperatures were between 17 and 26 
oC, (63 and 79oF). 
 

Vial Description Location Time to 
45oC / 
113 oF 

(h) 

Time 
above 
45oC 

/113 oF 
(h) 

Time to 
50oC / 
122 oF 

(h) 

Time 
above 
50oC / 
122 oF 

(h) 

Max. 
Temp. 
(oC) 

Max. 
Temp. 

(oF) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

(%) 

1 Electrical room 1sr floor  8.0 23.25 8.25 22.75 53.0 127.3 100 100 
2* Electrical, D31 1st floor 3.75 28.0 6.5 24.5 55.4 131.6 100 100 
3 Pump 1st floor  6.25 25.0 11.0 20.0 53.5 128.4 100 100 
4 Beam 1st floor  2.0 29.5 3.25 28.0 58.6 137.4 100 100 
5 Floor drain 1st floor 3.25 28.0 5.5 25.5 57.2 135.0 100 100 
6 Mill wall 1st floor 0.5 28.0 1.0 27.25 60.6 141.1 100 100 
7 Bin base 1st floor 2.0 29.5 3.0 28.25 58.6 137.4 100 100 
8 East corner near D35 1st floor  3.25 28.0 5.75 25.25 54.7 130.5 100 100 
9 South corner near D34 1st floor 2.75 28.25 5.25 25.75 58.6 137.4 100 100 
10 Under North stairs 2nd floor 4.75 32.25 6.75 30.0 58.6 137.4 100 100 
11 SW mill wall 2nd floor 3.25 28.5 5.0 26.5 57.9 136.2 100 100 
12 Concrete 2nd floor 3.0 28.75 4.25 27.5 58.6 137.4 100 100 
13 2nd beam NE wall 2nd floor 2.5 29.25 3.75 27.75 58.6 137.4 100 100 
14 East stairs 2nd floor 2.75 29.0 4.5 27.0 57.9 136.2 100 100 
15 Under office stairs 3rd floor 3.75 28.25 5.5 26.25 58.6 137.4 100 100 
17 Bin base 3rd floor 2.75 29.00 4.0 27.5 59.2 138.6 100 100 
18 East corner 3rd floor 3.5 28.25 6.0 25.5 56.0 132.7 100 100 
19 Cabinet 3rd floor 2.5 29.25 3.25 28.0 60.6 141.1 100 100 
20 Screw auger 3rd floor 3.25 28.5 4.25 27.0 59.2 138.6 100 100 
21 Outside door 4th floor 4.5 27.5 6.25 25.25 57.2 135.0 100 100 
22 North corner 4th floor 3.5 28.5 4.25 27.5 59.2 138.6 100 100 
23 Top of sifters 4th floor 3.0 29.0 3.75 27.75 59.9 139.8 100 100 
24 Bin top 4th floor 3.25 28.75 4.25 27.5 59.2 138.6 100 100 
25 Stairs near door 4th floor 3.25 28.75 5.0 26.25 56.0 132.7 100 100 
Mean   3.4 28.4 5.0 26.4 57.8 136.0 100 100 

 
* location of timed sequence (Table 8), vials removed approximately every hour.  
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Table 5. The temperatures at the various locations in Mill 3, heated with portable steam heaters on June 16-17, 2006. Initial temperatures were between 28 and 32 oC, (82 
and 90oF). 
 

Vial Description Location Time to 
45oC / 
113 oF 

(h) 

Time 
above 
45oC 

/113 oF 
(h) 

Time to 
50oC / 
122 oF 

(h) 

Time 
above 
50oC / 
122 oF 

(h) 

Max. 
Temp. 
(oC) 

Max. 
Temp. 

(oF) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

(%) 

1 Electrical room 1sr floor  3.5 30.0 9.75 23.5 51.2 124.2 100 100 
2* Roll stand 1st floor 8.5 25.0 13.5 20.0 53.5 128.4 32 96 
3 NW corner 1st floor  7.0 26.5 17.0 16.5 59.2 138.6 100 100 
4 Pillar, temp wire on floor 1st floor 8.25 25.5 11.75 21.75 53.0 127.3 100 100 
5 Outside door 1st floor 1.0 32.25 2.25 31.0 62.0 143.6 100 100 
6 Temp on floor under roll stand 1st floor 2.75 31.0 5.25 28.25 62.7 144.9 100 100 
7 Roll stand 1st floor 5.75 28.0 11.75 21.75 56.0 132.7 100 100 
8 Outside door 2nd floor 4.0 29.25 10.5 22.75 53.5 128.4 100 99.7 
9 Window 2nd floor 6.25 27.0 12.0 20.5 59.9 139.8 100 100 
10 Grill floor 2nd floor 2.0 31.5 3.0 30.5 61.3 142.3 100 100 
11 Pillar 2nd floor 2.5 31.25 3.5 30.0 60.6 141.1 100 100 
12 Outside wall girder 3rd floor 4.75 28.75 8.75 24.75 55.4 131.6 100 100 
13 Outside pillar 3rd floor 7.25 26.25 11.75 21.75 54.1 129.4 100 100 
14 Purifier 3rd floor 4.5 29.25 7.25 26.25 56.6 133.9 100 100 
15 Top bran sifter 3rd floor 3.25 30.5 5.25 28.25 58.6 137.4 100 100 
16 Re-feed 4th floor 3.75 29.75 5.75 27.75 57.2 135.0 100 100 
17 Sifter 4th floor 4.25 29.5 6.25 27.25 57.2 135.0 100 100 
18 West wall, expansion joint 4th floor 4.75 29.0 8.5 25.0 54.7 130.5 100 100 
19 Outside North window 4th floor 8.5 25.0 17.5 16.0 52.4 126.3 30 94 
20 North outside wall 4th floor 5.5 28.25 11.75 21.75 52.4 126.3 100 100 
21 Outside North door 4th floor 3.75 29.75 7.75 25.75 53.0 127.3 100 100 
22 Outside West door 5th floor 4.75 28.75 8.25 25.25 56.0 132.7 100 99.7 
23 Grill floor 5th floor 2.5 31.25 4.0 29.5 57.9 136.2 100 100 
24 Pneumatic exhaust 5th floor 3.0 30.75 4.5 29.0 57.9 136.2 100 100 
25 Bin top 5th floor 3.25 30.50 5.0 28.5 56.6 133.9 100 100 

Mean   4.6 29.0 8.5 24.9 56.5 133.7 94.5 99.6 
* location of timed sequence (Table 6), vials removed approximately every hour. 
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Table 6. The temperatures at basement in Mill 1, heated with propane-fired heaters on August 5-6, 2006. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Time 
of 
day 

Time 
since 
heat on 
(h) 

Time 
above 
45oC / 
113 oF 

T28 
(h) 

Time 
above 
50oC / 
122 oF 

T28 
(h) 

Temp. 
T28 
(oC) 

Temp. 
T28 
(oF) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

(%) 

13:30 5 2.25 1.25 53.5 128.3 65 99 
14:30 6 3.25 2.25 50.1 122.2 65 94 
15:30 7 4.25 3.25 53.0 127.4 100 100 
16:30 8 5.25 4.25 55.4 131.7 90 100 
17:30 9 6.25 5.25 56.0 132.8 90 100 
18:30 10 7.25 6.25 57.2 135.0 100 100 
19:30 11 8.25 7.25 57.9 136.2 100 100 
20:30 12 9.25 8.25 58.6 137.5 100 100 
21:30 13 10.25 9.25 58.6 137.5 100 100 
22:30 14 11.25 10.25 58.6 137.5 100 100 
23:30 15 12.25 11.25 58.6 137.5 100 100 
00:30 16 13.25 12.25 59.2 138.6 100 100 
01:30 17 14.25 13.25 59.9 139.8 100 100 
02:30 18 15.25 14.25 60.6 141.1 100 100 
03:30 19 16.25 15.25 60.6 141.1 100 100 
04:30 20 17.25 16.25 59.9 139.8 100 100 
05:30 21 18.25 17.25 57.2 135.0 100 100 
06:30 22 19.25 18.25 58.6 137.5 100 100 
07:30 23 20.25 19.25 59.2 138.6 100 100 
08:30 24 21.25 20.25 59.2 138.6 100 100 
09:30 25 22.25 21.25 59.9 139.8 100 100 
10:30 26 23.25 22.25 59.9 139.8 100 100 
11:30 27 24.25 23.25 60.6 141.1 100 100 
12:30 28 25.25 23.25 27.5 81.5 100 100 
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Table 7. The temperatures at electrical D31, 1st floor location in Mill 7, heated with propane-fired heaters on September 16-17, 2006. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hobo 28 placed with vial 57 

Vials 43 to 57 were pulled at the end of the heat treatment  

Vial 
# 

Time 
of 
day 

Time 
since 

heat on 
(h) 

Time 
above 
45oC / 
113 oF 

T28 
(h) 

Time 
above 
50oC / 
122 oF 

T28 
(h) 

Temp. 
T28 
(oC) 

Temp. 
T28 
(oF) 

Adult 
Mortality 

(%) 

Adult 
Off-spring 
Mortality 

(%) 

34 9:00 1.5 0 0 36.1 97.0 0 4 
35 10:00 2.5 0 0 42.5 108.5 0 100 
36 11:00 3.5 0.75 0 46.9 116.4 0 32 
37 12:00 4.5 1.75 0.5 50.1 122.2 45 69 
56 12:15 4.75 2.0 0.75 50.7 123.3 100 64 
38 13:00 5.5 2.75 1.5 53.0 127.4 100 100 
39 14:00 6.5 3.75 2.5 55.4 131.7 100 100 
40 15:00 7.5 4.75 3.5 56.6 133.9 100 100 
41 16:00 8.5 5.75 4.5 57.9 136.2 100 100 
42 17:00 9.5 6.75 5.5 57.9 136.2 100 100 
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Table 8. The temperatures roll stand 1st floor in Mill 3, heated with portable steam heaters on June 16-17, 2006. 
 
 

Vial 
# 

Time 
of 
day 

Time 
since 
heat 
on 
(h) 

Time 
above 
45oC / 
113oF 
T26 
(h) 

Time 
above 
50oC / 
122oF 
T26 
(h) 

Time 
above 
45oC / 
113oF 
T27 
(h) 

Time 
above 
50oC / 
122 oF 

T27 
(h) 

Time 
above 
45oC / 
113oF 
T28 
(h) 

Time 
above 
50oC / 
122oF 
T28 
(h) 

Temp. 
T26 
(oC) 

Temp. 
T27 
(oC) 

Temp. 
T28 
(oC) 

Temp. 
T26 
(oF) 

Temp. 
T27 
(oF) 

Temp. 
T28 
(oF) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

 (%) 

34 23:05 3 0 0 0 0 0 0 38.3 37.0 36.1 100.9 98.6 97.0 5 0 
35 00:00 4 0 0 0 0 0 0 40.1 38.3 37.4 104.2 100.9 99.3 10 0 
36 1:00 5 0 0 0 0 0 0 41.5 39.7 38.3 106.7 103.5 100.9 5 0 
37 2:00 6 0 0 0 0 0 0 42.9 40.6 39.7 109.2 105.1 103.5 5 0 
38 3:00 7 0 0 0 0 0 0 43.9 42.0 40.6 111.0 107.6 105.1 5 0 
39 4:00 8 0.3 0 0 0 0 0 44.9 42.9 41.5 112.8 109.2 106.7 15 0 
40 5:00 9 1.25 0 0.25 0 0 0 45.9 44.9 44.4 114.6 112.8 111.9 15 0 
41 6:00 10 2.25 0 1.0 0 0 0 48.5 45.9 44.4 119.3 114.6 111.9 0 0 
42 7:00 11 3.25 0 2.0 0 0.75 0 48.0 45.9 44.9 118.4 114.6 112.8 15 4 
43 8:00 12 4.25 0 2.25 0 0.75 0 46.4 44.9 43.9 115.5 112.8 111.0 0 15 
44 9:00 13 5.25 0 3.25 0 1.5 0 48.0 45.9 44.9 118.4 114.6 112.8 5 0 
45 10:00 14 6.25 0.25 4.25 0 2.25 0 46.9 45.4 44.4 116.4 113.7 111.9 0 0 
46 11:00 15 7.25 0.25 5.25 0 3.0 0 45.9 44.9 43.9 114.6 112.8 111.0 10 24 
47 12:00 16 8.25 0.25 5.25 0 3.0 0 44.9 43.9 43.4 112.8 111.0 110.1 0 27 
48 13:00 17 9.25 0.75 5.75 0.25 3.5 0.25 54.7 51.2 49.6 130.5 124.2 121.3 5 38 
49 14:00 18 10.25 1.75 6.75 1.25 4.5 1.25 56.0 53.0 51.8 132.8 127.4 125.2 0 61 
50 17:00 21 11.25 2.75 7.75 2.25 5.5 2.25 56.6 54.1 53.0 133.9 129.4 127.4 100 100 
51 18:00 22 14.25 5.75 10.75 5.25 8.5 5.25 57.9 55.4 55.4 136.2 131.7 131.7 100 100 

 
Hobo 26 beside vial 37; Hobo 27 beside vial 43; Hobo 28 beside vial 51
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Table 9. The temperatures and survival of red flour beetle adults and immatures held at the various locations in 
Mill 4A (old) and Mill 4B (new), during the 2004 and 2005 sulfuryl fluoride fumigations, CT: 2004; Mill 4A 
457 gh/m3, Mill 4B 490 gh/m3, 2005; Mill 4A 1096 gh/m3, Mill 4B 1180 gh/m3. 

 
2004 Sulfuryl Fluoride  

Fumigation 
 2005 Sulfuryl Fluoride  

Fumigation 
Mill  Vial 

# 
Location 

Average 
Temp. 
(oC) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

(%)** 

 Average 
Temp. 
(oC) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

(%) 
A 8 5th floor 18.6 100 44  28.7 100 100 
A 9 5th floor 20.8 100 48  32.4 100 100 
A 10 5th floor 21.0 100 0  30.2 100 100 
A 11 5th floor 21.2 100 25  31.2 100 100 
A 12 4th floor 21.9 100 59  28.6 100 100 
A 13 4th floor 19.9 100 42  26.6 100 100 
A 14 4th floor 19.2 100 28  25.1 100 98 
A 15 3rd floor 22.5 100 49  28.7 100 100 
A 16 3rd floor 26.0 100 68  29.1 100 100 
A 17 3rd floor 11.5 100 20  28.2 100 99.3 
A 18 3rd floor 18.7 100 20  27.3 100 100 
A 19 2nd floor 21.5 100 40  28.1 100 99.3 
A 20 2nd floor 21.5 100 46  29.2 100 100 
A 21 2nd floor 12.3 100 33  17.3 100 93 
A 22 2nd floor 16.4 100 9  24.9 100 93 
A 23 1st floor 21.7 100 47  27.8 100 100 
A 24 1st floor 13.4 100 25  19.4 100 72 
A 25 1st floor 11.2 100 50  19.3 100 66 
Mean A   18.9 100 36.3  26.8 100 95.6 
B 1 1st floor 14.9 100 18  17.6 100 56 
B 2 1st floor 19.4 100 47  21.4 100 87 
B 3 2nd floor 24.2 100 79  28.4 100 100 
B 4 3rd floor 25.8 100 72  28.1 100 100 
B 5 4th floor 25.9 100 82  28.5 100 100 
B 6 5th floor 26.8 100 75  28.6 100 100 
B 7 6th floor 21.7 100 68  28.2 100 99.6 
Mean B   22.7 100 63.0  25.8 100 91.8 
 
* For the sulfuryl fluoride trial, there was an average (mean + SEM) of 333 + 27 second generation adults in 
untreated controls in 2004 and 103 + 8 in 2005. Outside mean temperatures were 2.4 oC in 2004 and 6.0 oC in 
2005.  
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Table 10. The temperatures and survival of red flour beetle adults and immatures held at the various locations in 
Mill 5, during the August 2006 sulfuryl fluoride fumigation, CT = 1280 gh/m3. 
 

2006 Fumigation Vial 
# 

Location 
Average 
Temp.* 

(oC) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

(%) 
1 Basement 26.3 100 100 
2 Basement 26.7 100 97 
3 Basement 25.5 100 98 
4 Main 26.8 100 98 
5 Main 30.2 100 100 
6 Main 29.6 100 100 
7 Main 30.1 100 100 
8 Half-way floor 28.0 100 99.5 
9 Roll floor 31.2 100 100 
10 Roll floor - 100 100 
11 Roll floor 30.4 100 100 
12 Roll floor 28.2 100 100 
13 Roll floor 27.9 100 100 
14 Purifier floor 29.1 100 100 
15 Purifier floor 31.1 100 100 
16 Purifier floor 28.8 100 100 
17 Purifier floor 31.2 100 100 
18 Sifter floor 29.4 100 100 
19 Sifter floor 31.0 100 100 
20 Sifter floor 31.2 100 100 
21 Top floor 31.3 100 99.5 
22 Top floor 31.7 100 100 
23 Penthouse 30.2 100 100 
24 Penthouse 31.0 100 100 
25 Penthouse 29.8 100 100 
Mean  29.5 100 99.7 

 
Average outside temperate was 20.8oC 
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Table 11. The temperatures and survival of red flour beetle adults and immatures held at the various locations in 
Mill 8, during the July 2006 sulfuryl fluoride fumigation, CT = 832 gh/m3. 
 

Vial 
# 

Location Average 
Temp. 
(oC) 

Adult  
Mortality 

(%) 

Immature 
Mortality 

(%) 
1 Basement 30.6 100 100 
2 Basement 31.3 100 96 
3 Basement 29.8 100 100 
4 Basement 30.7 100 100 
5 1st floor 31.3 100 100 
6 1st floor 31.3 100 100 
7 1st floor 31.2 100 100 
8 1st floor 27.6 100 100 
9 2nd floor 31.9 100 100 
10 2nd floor 32.7 100 100 
11 2nd floor 32.0 100 100 
12 2nd floor 30.9 100 100 
13 2nd floor 31.7 100 99 
14 3rd floor 33.3 100 99 
15 3rd floor 32.4 100 99 
16 3rd floor 32.9 100 99 
17 3rd floor 32.5 100 99 
18 3rd floor 31.1 100 99 
19 3rd floor 32.2 100 99 
20 4th floor 32.7 100 99 
21 4th floor 32.6 100 98 
22 4th floor 32.9 100 100 
23 4th floor 32.6 100 100 
24 4th floor 32.5 100 99 
25 4th floor 32.8 100 100 
Mean  31.7 100 99.4 

 
Confused flour beetle had 100% adult and immature mortality at all locations. 
Average outside temperature was 24.3oC.
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Table 12. The temperatures at main floor in Mill 5, treated with sulfuryl fluoride on August 5-6, 2006, CT = 1280 gh/m3. 

 

Vial 
# 

Time 
of 
day 

Time 
since SF 
release(

h) 

Temp. 
T4 

(oC) 

Temp. 
T4 
(oF) 

CT 
(gh/m3) 

Mean Adult 
Mortality 

(%) 
 

SD 
 Adult 

Mortality 
 (%) 

Mean 
Immature 
Mortality 

 (%) 
 

SD 
Immature 
Mortality 

 (%) 

34-38 10:55 0 23.0 73.4 - 2 3 0.6 24 
39-41 14:30 2 26.3 79.3 118 100 0 45 14 
42-44 16:30 4 26.7 80.1 286 100 0 64 12 
45-47 20:30 8 27.1 80.8 593 100 0 98 3 
48-50 00:30 12 27.5 81.5 930 100 0 99.7 0.5 
51-53 04:30 16 27.1 80.8 1150 100 0 100 0 
54-56 08:30 20 26.3 79.3 1284 100 0 100 0 
57-59 10:30 22 26.7 80.1 1316 100 0 100 0 
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Table 13. The mortality of red flour beetle and confused flour beetles retrieved from Mill 8 after different durations under 
fumigation with sulfuryl fluoride, on July 1-2, 2006. 

Red Flour  
Beetle 

 Confused Flour Beetle Vial 
# 

Time 
of 
day 

Time since heat on 
(h) 

Temp. 
T28 
(oC) 

 

Temp. 
T28 
(oF) 

CT 
(gh/m3) 

Adult 
Mortality 

% 

Immature 
Mortality 

% 

 Adult 
Mortality 

% 

Immature 
Mortality 

% 
34 14:00 4 28.3 83.0 259 100 76  100 96 
35 18:00 8 29.5 85.1 529 100 90  100 100 
36 22:00 12 30.3 86.5 803 100 100  100 100 
37 02:00 16 29.9 85.8 - 100 100  100 100 
38 06:00 20 30.3 86.5 922 100 100  100 100 
39 14:00 24 31.1 88.0 942 100 100  100 100 
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Table 14. The temperatures and survival of red flour beetle adults and immatures held at the various locations in 
Mill 6, during the November 2005 methyl bromide fumigation and phosphine combination fumigation. Both 
fumigants were used in separate parts of the mill on the same dates. 
 

2005 Fumigations 2006 Fumigations Mill  Vial 
# 

Location Gas 
Average 
Temp.* 

(oC) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

(%) 

Gas 
Average 
Temp. 
(oC) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

(%) 
A 1 Basement MB 27.9 100 100 PH3 29.1 100 92 
A 2 Basement MB 39.0 100 100 PH3 29.5 100 100 
A 3 2nd floor MB 26.7 100 100 PH3 33.0 100 100 
A 4 2nd floor MB 28.2 100 100 PH3 32.8 100 100 
A 5 3rd floor MB 24.9 100 100 PH3 33.8 100 100 
A 6 3rd floor MB 28.9 100 100 PH3 33.7 100 100 
A 7 4th floor MB 26.9 100 100 PH3 34.1 100 100 
A 8 4th floor MB 26.4 100 100 PH3 34.3 100 100 
A 9 4th floor MB 29.6 100 100 PH3 35.2 100 100 
A 10 New mill MB 26.3 100 100 PH3 33.1 100 100 
A 11 4th floor MB 30.4 100 100 PH3 36.0 100 100 
A 12 5th floor MB 21.5 100 100 PH3 32.7 100 100 
A 13 5th floor MB 26.7 100 100 PH3 33.9 100 100 
A 14 6th floor MB 21.9 100 100 PH3 34.7 100 100 
A 15 6th floor MB 24.2 100 100 PH3 34.5 100 100 
Mean A   27.3 100 100  33.4 100 99.5 
B 16 Ground PH3 34.3 0** 22 MB 41.1 100 100 
B 17 Ground  PH3 41.4 100 99.7 MB 42.7 100 100 
B 18 Mezzanine PH3 35.0 100 99.7 MB 39.6 100 100 
B 19 Mezzanine PH3 36.4 100 100 MB 40.1 100 100 
B 20 2nd floor PH3 34.3 100 100 MB 40.4 100 100 
B 21 2nd floor PH3 32.8 100 99.7 MB 39.9 100 100 
B 22 3rd floor PH3 30.8 100 99.4 MB 39.9 100 100 
B 23 3rd floor PH3 30.4 100 100 MB 39.4 100 100 
B 24 4th floor PH3 29.5 100 99 MB 39.2 100 100 
B 25 4th floor PH3 27.0 100 90 MB 37.9 100 100 
Mean B   33.2 100 98.6  40.0 100 100 

 
*Average outside temperature was 3.7oC during the 2005 fumigation 25.1oC during the 2006 fumigation 
**Vial inside electrical box, sealed with air pressure, not exposed to phosphine, excluded from calculation of mean. 
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Table 15. The weight gain and weight loss (mean + SEM) of copper strips (Figure 12) from the fumigation of Mill 6A and 
6B on 11 November 2005.  
 
Treatment Weight Gain (mg) Weight Loss (mg)* N 
Phosphine, heat and carbon 
dioxide 

1.29 + 0.08 a 1.09 + 0.07 a 19 

Methyl bromide 0.05 + 0.03 b 0.07 + 0.04 b 15 
Control 0.03 + 0.03 b - 0.10 + 0.30 b 2 
 
* after treating with HCl, and drying. 
For a given column means with different letters are significantly different, Tukey’s Multiple Range Test p< 0.05.
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Table 16. The temperatures and survival of red flour beetle adults and immatures held at the various locations in 
Mill 4A (old) and Mill 4B (new), during the 2003 and 2005 methyl bromide fumigations, CT: 2004; Mill 4A 365 
gh/m3, Mill 4B 108 gh/m3, 2005; Mill 4A 443 gh/m3, Mill 4B 273 gh/m3. 
 

2003 Methyl Bromide Fumigation  2005 Methyl Bromide Fumigation Mill  Vial 
# 

Location 
Average 
Temp.* 
(oC) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

(%)* 

 Average 
Temp. 
(oC) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

(%) 
A 8 5th floor 26.7 100 -  - 100 100 
A 9 5th floor 16.0 100 -  25.2 100 100 
A 10 5th floor 19.7 100 -  26.4 100 100 
A 11 5th floor 21.6 100 -  27.8 100 100 
A 12 4th floor 16.6 100 -  26.1 100 100 
A 13 4th floor 21.5 100 -  25.5 100 100 
A 14 4th floor 16.0 100 -  23.8 100 100 
A 15 3rd floor 18.6 100 -  26.4 100 100 
A 16 3rd floor 21.9 100 -  26.5 100 100 
A 17 3rd floor 21.8 100 -  23.3 100 99.7 
A 18 3rd floor 1.5 100 -  24.9 100 100 
A 19 2nd floor 15.4 100 -  - 100 100 
A 20 2nd floor 21.8 100 -  27.0 100 99.4 
A 21 2nd floor 21.6 100 -  20.8 100 100 
A 22 2nd floor 5.5 100 -  21.7 100 99.7 
A 23 1st floor 18.0 100 -  25.6 100 99.4 
A 24 1st floor 22.3 100 -  19.4 100 99.7 
A 25 1st floor 8.3 100 -  18.9 100 99.7 
Mean A   17.5    24.3 100 99.9 
B 1 1st floor - - -  22.9 100 100 
B 2 1st floor 21.4 100 -  26.4 100 100 
B 3 2nd floor 17.3 100 -  29.8 100 100 
B 4 3rd floor 24.6 100 -  30.5 100 100 
B 5 4th floor 25.9 100 -  30.8 100 100 
B 6 5th floor 26.3 100 -  31.2 100 100 
B 7 6th floor 26.5 100 -  30.5 100 100 
Mean B   23.7 100 -  28.9 100 100 

 
* No immature survival in controls for methyl bromide trial in 2003 due low temperature during transportation 
to mill. For the second generation adults in untreated controls there was an average + SEM of 211 + 9 in 2005. 
Average outside temperatures were -5.1 in 2003 and 13.4oC in 2005. 
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Table 17. The temperatures and survival of red flour beetle adults and immatures held at the various locations in 
Mill 6, during the November 2006 methyl bromide fumigation. 
 

Mill  Gas Vial 
# 

Location Average 
Temp. 
(oC) 

Adult  
Mortality 

(%) 

Immature 
Mortality 

(%) 
A MB 1 Basement 28.7 100 100 
A MB 2 Basement 39.1 100 100 
A MB 3 2nd floor 26.0 100 100 
A MB 4 2nd floor 27.4 100 100 
A MB 5 3rd floor 27.4 100 100 
A MB 6 3rd floor 27.8 100 100 
A MB 7 4th floor 23.7 100 100 
A MB 8 4th floor 25.9 100 100 
A MB 9 4th floor 25.9 100 100 
A MB 10 New mill 32.4 100 100 
A MB 11 4th floor 31.1 100 100 
A MB 12 5th floor 23.9 100 100 
A MB 13 5th floor 26.1 100 100 
A MB 14 6th floor 22.9 100 100 
A MB 15 6th floor 24.9 100 100 
Mean A    27.6 100 100 
B MB 16 Ground 33.2 100 100 
B MB 17 Ground 39.4 100 100 
B MB 18 Mezzanine 32.1 100 100 
B MB 19 Mezzanine 32.9 100 100 
B MB 20 2nd floor 29.3 100 100 
B MB 21 2nd floor 27.9 100 100 
B MB 22 3rd floor 27.7 100 100 
B MB 23 3rd floor 26.5 100 100 
B MB 24 4th floor 26.5 100 100 
B MB 25 4th floor 23.8 100 100 
Mean B    29.9 100 100 

 
Average outside temperature was 5.1 oC 
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Table 18. The temperatures and survival of red flour beetle adults and immatures held at the various locations in 
Mill 7, during the June 2006 methyl bromide fumigation. 
 

Vial 
# 

Location Average 
Temp. 
(oC) 

Adult 
Mortality 

(%) 

Immature 
Mortality 

(%) 
1 1sr floor  26.3 100 100 
2 1st floor 26.1 100 100 
3 1st floor  28.1 100 100 
4 1st floor  21.1 100 100 
5 1st floor 25.5 100 100 
6 1st floor 20.6 100 100 
7 1st floor 24.0 100 100 
8 1st floor  20.8 100 100 
9 1st floor 22.9 100 100 
10 2nd floor 25.1 100 100 
11 2nd floor 25.3 100 100 
12 2nd floor 27.0 100 100 
13 2nd floor 25.6 100 100 
14 2nd floor 26.7 100 100 
15 3rd floor 27.9 100 100 
16 3rd floor 25.6 100 100 
17 3rd floor 27.2 100 100 
18 3rd floor 26.7 100 100 
19 3rd floor 22.9 100 100 
20 3rd floor 25.0 100 100 
21 4th floor 26.0 100 100 
22 4th floor 26.0 100 100 
23 4th floor 26.7 100 100 
24 4th floor 20.5 100 100 
25 4th floor 19.1 100 100 
Mean   24.3 100 100 

 
Average outside temperate was 13.2 oC
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Table 19. Red and confused flour beetle (average percent pre-treatment) adults found in pheromone baited traps, from the 
mills that had heat treatments.  
 

 Trap Catch (% pre-treatment) 
Method Heat propane Heat steam Heat propane 
Mill 1 3 7 mix plant 
Date (m/y) Aug./06 June /06 Sept./06 
Floor roll sifter roll sifter 1st 4th 
Post-treatment  
(wks) 

      

-6 198 211     
-5 239 234 112 71   
-4 33 108 152 42   
-3 74 73 54 214 170 100 
-2 58 63 105 143 65 100 
-1 79 12 76 63 65 100 
1 0 0 1 0 0 0 
2 0 0 5 0 7 7 
3 0 0 4 0 13 14 
4 8 0 0 0 39 29 
5 10 0 4 0 13 14 
6 0 0 5 0 46 33 
7 0 9 14 0 23 13 
8 0 0 6 0 26 14 
9 0 0 7 0 13 0 
10 0 40 9 0 39 14 
11 8 13 2 0 0 29 
12 0 4 0 0 0 0 
13 0 6 0 0 13 0 
14 0 7 4 0 11 13 
15 0 0 4 0 46 17 
16 8 13 2 0 39 57 
17 0 0 0 0 13 0 
18 8 0 4 45 13 0 
19 16 7 7 0 15 0 
20 25 4 0 36   
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Table 20. Red and confused flour beetle (average percent pre-treatment) adults found in pheromone baited traps, from the 
mills that were treated with sulfuryl flouride.  
 

 Trap Catch (% pre-treatment) 
Method SF SF SF SF 
Mill 4A old 4B new 4A old 4B new 5 8 
Date (m/y) Dec./04 Dec./04 Oct./05 Oct./05 Aug./06 June/06 
CT (gh/m3) 457 490 1096 1180 1280 836 
Floor roll sifter roll sifter roll sifter roll sifter roll sifter roll sifter basement 
Post-
treatment  
(wks) 

             

-6 17 0 0 0 20 21 10 13 75 169 600 0 8 
-5 51 72 0 0 51 27 0 0 113 56 0 133 50 
-4 34 9 0 0 76 18 8 4 150 56 0 267 57 
-3 34 0 8 7 0 94 0 3 75 169 0 67 38 
-2 51 18 0 7 20 63 0 8 188 225 0 67 271 
-1 51 45 0 0 148 47 14 13 263 225 0 67 176 
1 0 0 0 0 0 0 0 0 12 107 0 0 0 
2 0 0 0 0 0 0 0 0 0 328 0 0 0 
3 0 0 0 0 0 0 0 3 0 113 600 0 22 
4 0 0 0 0 0 0 0 0 0 113 1200 0 76 
5 0 0 0 0 0 0 0 0 0 0 600 67 61 
6 0 0 0 0 0 9 0 0 0 0 1800 67 46 
7 0 0 0 0 0 0 0 4 0 0 1400 78 67 
8 0 0 0 0 17 9 0 0 0 0 4200 175 64 
9 51 0 0 0 44 16 0 0 0 0 0 200 161 
10 0 27 0 0 17 0 0 0 0 0 5400 67 191 
11 0 18 0 0 59 10 0 0 0 44 1500 33 90 
12 34 0 8 0 34 18 0 0 0 0 9600 333 569 
13 102 0 0 0 34 18 0 0 0 0 600 133 111 
14 34 0 0 4 17 9 0 0 0 66 1200 133 34 
15 169 9 8 0 34 0 0 0 0 0 600 0 31 
16 203 54 0 0 85 27 0 0 0 56 764 85 85 
17 322 36 0 0 271 18 0 0 0 0    
18 474 108 0 0 440 63 0 0 0 0    
19 372 90 0 0 271 36 0 0      
20 406 45 0 0 203 45 0 0      
21 152 54 0 0 169 18 0 0      
22 459 63 0 0 102 54 0 0      
23 158 189 0 0 186 36 0 0      
24     152 54 0 4      
25     186 126 0 0      
26     440 144 0 0      
27     491 117 0 0      
28     711 45 0 0      
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 Table 21. Red and confused flour beetle (average percent pre-treatment) adults found in rebolt sifter tailings from Mill 4A 
(old mill), Mill 5 and Mill 8 expressed as a percentage of pre-treatment levels. 
 

 Insects in Rebolt Sifter Tailings (% Pre-treatment) 
Method SF SF SF* SF 
Mill 4A 4A 5 8 
 Live Dead Live Dead L + D L+ D 
Date (m/y) Dec./04 Dec./04 Oct./05 Oct./05 Aug./06 June/06 
CT (gh/m3) 457 457 1096 1096 1280 836 
Post-treatment  
(wks) 

      

-6 69 217 954 0  4 
-5 17 0 537 0 176 51 
-4 87 54 0 0 176 115 
-3 0 0 243 0 59 97 
-2 35 0 1040 0 88 217 
-1 35 0 195 0 0 190 
1 0 54 0 0 118 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 2 
4 0 0 0 0 0 8 
5 0 0 0 0 0 9 
6 0 0 0 0 0 18 
7 0 0 0 0 0 30 
8 35 0 0 0 0 20 
9 104 136 0 0 0 41 
10 0 0 0 0 0 41 
11 35 0 22 0 0 28 
12 0 0 0 0 0 154 
13 0 0 0 0 0 97 
14 0 0 0 0 0 87 
15 0 0 0 27 0 136 
16 0 0 0 0 0 39 
17 0 0 0 0 0 2 
18 381 0 0 54 0 2 
19 451 0 0 0 0 0 
20 0 0 0 27 0  
21 2375 0 17 0 0  
22 1625 0 0 0 0  
23 1214 0 87 0 0  
24   0 0   
25   0 0   
26   104 82   
27   35 27   
28   43 136   
29       
30       
31       
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Table 22. Red and confused flour beetle (average percent pre-treatment) adults found in pheromone baited traps from Mill 
6.  
 

 Trap Catch (% pre-treatment) 
Method MB PH3 PH3 MB 
Mill 6A mill 6B packing 6A mill 6B packing 
Date (m/y) Nov./05 Nov./05 July /06 July /06 
CT (gh/m3) - - - 210 
Floor roll sifter 1st sifter roll sifter 1st sifter 
Post-treatment  
(wks) 

        

-6 74 83 135 56 156 496 170 117 
-5 222 208 216 222 56 292 189 167 
-4 167 208 122 222 281 486 473 583 
-3 -- -- -- -- 278 542 514 667 
-2 19 0 14 0 389 500 365 556 
-1 19 0 14 0 611 1000 662 1278 
1 0 42 68 0 0 42 93 0 
2 0 0 0 0 0 83 186 60 
3 19 0 0 0 0 0 0 217 
4 0 0 27 0 19 0 0 199 
5 0 0 0 0 0 0 0 121 
6 74 0 41 0 0 42 93 242 
7 0 0 54 0 23 125 114 352 
8 0 83 14 0 0 0 0 0 
9 0 83 0 56 0 36 82 128 
10 37 0 14 0 22 97 133 162 
11 37 0 0 0 16 109 100 246 
12 0 42 27 0 22 49 109 198 
13 10 0 -- -- 19 0 0 91 
14 19 0 14 -- 49 109 163 224 
15 19 0 14 -- 37 42 93 121 
16 37 0 0 -- 19 42 93 272 
17 93 0 41 0 19 42 93 248 
18 97 73 24 0     
19 130 0 95 0     
20 162 0 71 0     
21 -- -- -- --     
22 0 -- 14 0     
23 28 0 7 0     
24 0 0 27 0     
25 37 83 0 56     
26 56 83 0 56     
27 56 83 0 0     
28 130 0 24 0     
29 156 496 170 117     
30 56 292 189 167     
31 281 486 473 583     
32 278 542 514 667     
33 389 500 365 556     
34 611 1000 662 1278     
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Table 23. Red and confused flour beetle (average percent pre-treatment) adults found in rebolt sifter tailings from Mill 6A 
(Mill) and Mill 6B (Packing) expressed as a percentage of pre-treatment levels. 
 
 Insects in Rebolt Sifter Tailings (% Pre-treatment) 
Date November 2005  July 2006  November 2006 
Method MB  PH3  MB  PH3  MB  MB 
Location Mill  Packing  Packing  Mill  Packing  Mill 
 Live Dead  Live Dead  Live Dead  Live Dead  Live Dead  Live Dead 
Post-treatment  
(wks) 

            
  

 
  

-6 133 115  214 142  3 25  0 41  10 8  21 0 
-5 16 22  178 217  15 31  37 35  30 13  281 19 
-4 122 239  70 110  76 27  101 35  13 12  96 38 
-3 159 96  84 70  118 63  388 134  77 154  11 61 
-2 138 51  48 51  110 61  462 268  11 25  101 115 
-1 32 77  6 11  0 100  382 0  68 124  16 19 
1 0 19  0 6  0 25  5 93  0 4  11 29 
2 0 10  0 7  0 2  0 0  0 16  0 6 
3 0 0  0 6  0 0  0 13  0 2  0 6 
4 0 0  0 3  3 8  0 0  1 1  0 0 
5 0 86  0 33  3 0  191 0       
6 0 32  0 67  1 5  5 0       
7 0 38  0 58  5 14  48 0       
8 0 10  3 72  1 11  5 0       
9 0 3  0 17  0 0  0 0       
10 0 10  0 78  1 3  16 0       
11 0 16  3 10  1 8  37 0       
12 5 3  2 62  2 16  0 0       
13 0 3  0 14  10 8  21 0       
14 0 6  3 12  30 13  281 19       
15 16 61  0 5  13 12  96 38       
16 0 89  1 6  77 154  11 61       
17 0 10  0 12  11 25  101 115       
18 0 13  1 18  68 124  16 19       
19 0 29  0 6             
20 5 6  2 7             
21 0 6  1 29             
22 21 0  0 2             
23 90 19  6 56             
24 27 41  1 28             
25 127 26  2 9             
26 0 96  4 8             
27 21 26  1 56             
28 0 51  6 19             
29 21 57  2 28             
30 0 41  3 25             
31 37 35  15 31             
32 101 35  76 27             
33 388 134  118 63             
34 462 268  110 61             
35 382 0  0 100             
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Table 24. Red and confused flour beetle (average percent pre-treatment) adults found in pheromone baited traps, 
from the various mills.  
 
 Trap Catch (% pre-treatment) 
Method MB MB MB 
Mill 4A old 4B new 4A old 4B new 4A old 4B new 
Date (m/y) Nov./03 Nov./03 June /04 June/04 May/05 May/05 
CT (gh/m3) 365 108 365 279 443 273 
Floor roll sifter roll sifter roll sifter roll sifter roll sifter roll sifter 
Post-treatment  
(wks) 

            

-6 68 117 157 97 0 0 0 0 474 108 0 0 
-5 59 86 159 100 0 0 25 7 372 90 0 0 
-4 79 52 66 92 0 0 0 11 406 45 0 0 
-3 152 81 58 129 0 16 36 3 152 54 0 0 
-2 102 99 116 155 20 21 58 0 459 63 0 0 
-1 237 204 29 42 68 9 83 21 158 189 0 0 
1 12 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 4 0 0 0 0 0 0 0 0 
4 0 0 0 4 17 0 17 14 0 21 0 0 
5 0 0 0 0 0 9 33 14 0 0 0 0 
6 0 0 0 0 0 0 0 14 0 0 8 0 
7 0 0 0 7 0 9 0 11 17 0 0 0 
8 0 9 0 0 0 0 0 3 0 9 0 0 
9 0 0 8 0 0 21 10 29 0 0 0 0 
10 0 9 0 0 17 9 0 29 51 0 0 0 
11 0 0 0 0 0 0 0 18 0 8 0 0 
12 0 0 0 0 0 0 0 34 39 21 0 4 
13 0 0 0 0 0 0 0 13 20 0 0 0 
14 0 0 0 0 20 31 0 29 0 0 0 3 
15 0 0 0 0 0 0 0 14 34 27 8 0 
16 0 0 0 0 85 54 0 4 59 0 0 6 
17 0 0 0 0 0 18 0 0 20 21 10 13 
18 0 0 0 0 15 31 0 8 51 27 0 0 
19 0 0 0 0 20 0 0 0 76 18 8 4 
20 0 9 8 0 17 0 0 0 0 94 0 3 
21 0 9 0 0 51 72 0 0 20 63 0 8 
22 17 0 17 0 34 9 8 7 148 47 14 13 
23 0 9 17 0 34 0 0 7     
24 0 27 25 0 51 18 0 0     
25 0 0 0 0 51 45 0 0     
26 0 0 25 7         
27 0 0 0 11         
28 0 16 36 3         
29 20 21 58 0         
30 68 9 83 21         
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Table 25. Red and confused flour beetle (average percent pre-treatment) adults found in rebolt sifter tailings from 
Mill 4A (old mill), expressed as a percentage of pre-treatment levels. 
 

 Insects in Rebolt Sifter Tailings (% Pre-treatment) 
Method MB MB MB 
Mill 4A 4A 4A 
 Live Dead Live Dead Live Dead 
Date (m/y) Nov./03 Nov./03 June/05 June/05 May/05 May/05 
CT (gh/m3) 365 365 365 365 443 443 
Post-treatment  
(wks) 

      

-6 69 109 0 0 381 0 
-5 17 54 35 0 451 0 
-4 282 102 0 0 0 0 
-3 537 326 0 0 2375 0 
-2 295 163 0 0 1625 0 
-1 130 34 0 0 1214 0 
1 0 68 0 0 0 598 
2 0 0 0 0 0 0 
3 0 54 0 0 0 0 
4 0 27 0 0 0 0 
5 0 0 0 0 0 0 
6 0 82 0 489 0 0 
7 0 0 0 0 0 0 
8 0 68 0 27 0 0 
9 0 54 0 0 0 0 
10 0 0 0 0 17 27 
11 0 136 0 0 0 0 
12 0 0 0 27 0 0 
13 0 0 0 0 0 0 
14 0 27 87 0 17 0 
15 0 0 35 0 121 0 
16 0 0 191 27 104 54 
17 0 0 225 27 0 0 
18 0 0 121 0 954 0 
19 0 0 35 0 537 0 
20 0 0 69 217 0 0 
21 0 0 17 0 243 0 
22 0 68 87 54 1040 0 
23 17 27 0 0 195 0 
24 0 0 35 0   
25 17 82 35 0   
26 0 0     
27 35 0     
28 0 0     
29 0 0     
30 0 0     
31 0 0     
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 Table 26. The concentration-time values and half-loss times for methyl bromide in Mill 4A. 
 

November 2003  June 2004  May 2005 Area 
CT (gh/m3) HLT (h)  CT (gh/m3) HLT (h)  CT (gh/m3) HLT (h) 

1st Floor 327 7.4  293 6.6  345 4 
3rd Floor 316 6.3  350 7.2  558 1.2 
5th Floor 390 3.4  389 10.5  386 10.8 
Warehouse 389 6.6  432 3.0  568 3.5 
Bake Mix 404 5.0  363 4.0  358 5.0 
Average 365 5.7  365 6.3  443 4.9 
 
Measurements taken approximately every 4 hours, 1 location per floor. 
 
 
Table 27. The concentration-time values and half-loss times for methyl bromide in Mill 4B. 
 

November 2003  June 2004  May 2005 Area 
CT (gh/m3) HLT (h)  CT (gh/m3) HLT (h)  CT (gh/m3) HLT (h) 

1st Floor 107 1.2  255 -  229 - 
3rd Floor 98 1.2  255 -  298 5.7 
5th Floor 119 1.2  327 12  294 4.9 
Average 108 1.2  279 12  273 5.3 
 
Measurements taken approximately every 4 hours, 1 location per floor. 



 42

 
 
 
 
Table 28. The concentration-time values and half-loss times for sulfuryl fluoride in Mill 4A. 
 

December 2004  October 2005 Area 
CT (gh/m3) HLT (h)  CT (gh/m3) HLT (h)

1st Floor 430 6  1022 5.4 
2nd Floor 459 6  1065 5.6 
3rd Floor 458 6.2  1140 6.0 
4th Floor 507 5.1  1147 6.3 
5th Floor 413 8.6  1107 5.8 
Bulk Bins 474 6  - - 
Average 457 6.3  1096 5.8 

 
 
 
Table 29. The concentration-time values and half-loss times for sulfuryl fluoride in Mill 4B. 
 

December 2004  October 2005 Area 
CT (gh/m3) HLT (h)  CT (gh/m3) HLT (h)

1st Floor 521 2.7  788 3.6 
2nd Floor 475 3.1  1224 5.5 
3rd Floor 496 3.1  1248 5.5 
4th Floor 421 3.4  1258 5.6 
5th Floor 485 2.5  1278 5.7 
6th Floor 543 2.5  1284 5.8 
Average 490 2.9  1180 5.3 

 
 
 
Table 30. The concentration-time values and half-loss times for sulfuryl fluoride in Mill 5, 4 August 2006. 
 

Area CT (gh/m3) HLT (h)
Basement 1395 5.7 
1st floor 1443 6.0 
2nd floor 1391 6.6 
3rd floor 1434 6.1 
4th floor 1265 5.3 
5th floor 1098 6.4 
6th floor 933 6.1 
Average 1280 6.0 

 
Measurements were taken approximately every hour, and there were 2-3 locations per floor. 
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Table 31. The concentration-time values and half-loss times for sulfuryl fluoride in Mill 8, July1, 2006. 
 

Area CT (gh/m3) HLT (h)
Basement 955 - 
1st floor 914 3.5 
2nd floor 934 3.9 
3rd floor 903 6.4 
4th floor 474 4.3 
Average 836 4.5 

 
Measurements were taken approximately every hour, and there were 1-3 locations per floor. 
 
 
 
Table 32. The concentration-time values and half-loss times of methyl bromide in Mill 6B, July 14, 2006. 
  
 
 
 
 
 
 
  
 
Table 33. The concentration-time values and half-loss times of methyl bromide in Mill 7, June 2, 2006. 
 
 
 
 
 
 

Area CT (gh/m3) HLT (h)
Packing 1st Floor 196 2.7 
Packing 3rd Floor 216 5.8 
Loadout 217 4.4 
Average 210 4.3 

Area CT (gh/m3) HLT (h)
New Mill nd Floor 328 5.1 
Warehouse Main Floor 344 3.4 
Near Maintenance 318 3.1 
Loadout 96 1.4 
Packing 1st Floor 124 4.6 
Average 242 3.5 
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Table 34. Stage specific toxicity for various fumigants. 
 

Gas Temp. 
(oC) 

Time 
(h) 

Insect  CT to kill 95% of the population 
(gh/m3)* 

 Reference 

     Egg Larvae Pupae Adult   
sulfuryl 
fluoride 

27 16 confused flour 
beetle 

 1125 -  - 55  Kenga 1957 

 27 16 granary weevil  794 14 14 15  Kenga 1957 
 25 24 confused flour 

beetle 
 498     Bell et al. 1999 

 25 24 red flour beetle  1368     Bell et al. 1999 
 25 24 red flour beetle  1768     Bell et al. 1999 
 30 24 red flour beetle  1154     Bell et al. 1999 
methyl 
bromide 

25 - confused flour 
beetle** 

 - - 90 60  Heseltine & 
Thompson 1974 

 15 - confused flour 
beetle** 

 96 255 255 -  Bell et al. 1988 *** 

 25 - confused flour 
beetle** 

 65 98 251 -  Bell et al. 1988 *** 

 27 2 rice weevil  37 10 44 27  Krohne & Lindgren 
1958 

phosphine 25 48 Indian meal 
moth** 

 77 1 1 -  Bell 1976 

 27 16 confused flour 
beetle 

 2 0.1 0.3 0.3  Lindgren & 
Vincent 1966 

 
* g/m3 = mg/L= ounces/1000 ft3  
** complete kill 
*** methyl bromide at 4.9 g/L
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Figure 1. Propane-fired heater (Temp-Air) heating Mills 1 and Mill 7. The door was sealed with 
plywood, and a flexible fabric duct delivered heated air through a hole cut in the plywood. 
 
 
 

 
Figure 2. Steam heater (Armstrong International Inc.) used in heat treatment in Mill 3. 
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Figure 3. Cylinders of methyl bromide gas used in treatments in Mills 4, 6 and 7. 
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Figure 4. Cylinders of sulfuryl fluoride gas (ProFume) used in treatments in Mills 4, 5 and 8. 
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Figure 5.  Cylinders of phosphine and carbon dioxide gas (ECO2FUME, above), and carbon 
dioxide gas application (below) at Mill 6. 
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Figure 6. Computer equipment sealed and pressurized to prevent the entry of phosphine during 
the phosphine combination treatment, Mill 6. 
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Figure 7. Electrical equipment sealed and pressurized to prevent the entry of phosphine during the 
phosphine combination treatment, Mill 6. 
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Figure 8. A trap baited with pheromones for the confused and red flour beetles (Tribolium  
confusum and Tribolium castaneum), common pests of flour mills. 
 
 

 
 
Figure 9. The red flour beetle (Tribolium castaneum), a common pest of flour mills. 
 

 
 
Figure 10. Vials with red flour beetle (Tribolium castanenum) adults and eggs used for bioassays 
and a temperature data logger.  
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Figure 11. Immature mortality of red flour beetle at specific locations 
vs temperature during sulfuryl fluoride fumigation; Mill 4A○, Mill 4B●. 
 
 
 

 
 
Figure 12. Copper strips used to measure corrosion during the phosphine combination treatment, 
top strip in mill in sealed electrical box, the bottom strip was in the fumigated area, Mill 6. 
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Figure 13. Concentrations of methyl bromide in Mill 4A (Old Mill) in November 2003.  
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Figure 14. Concentrations of methyl bromide in Mill 4B (New Mill) in November 2003.  
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Figure 15. Concentrations of methyl bromide in Mill 4A (Old Mill) in June 2004.  
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Figure 16. Concentrations of methyl bromide in Mill 4B (New Mill) in June 2004.  
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Figure 17. Concentrations of methyl bromide in Mill 4A (Old Mill) in May 2005.  
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Figure 18. Concentrations of methyl bromide in Mill 4B (New Mill) in May 2005.  
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Figure 19. Concentrations of sulfuryl fluoride in Mill 4A (Old Mill) in December 2004.  
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Figure 20. Concentrations of sulfuryl fluoride in Mill 4B (New Mill) in December 2004. 
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Figure 21. Concentrations of sulfuryl fluoride in Mill 4A (Old Mill) in October 2005.  
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Figure 22. Concentrations of sulfuryl fluoride in Mill 4B (New Mill) in October 2005. 
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Figure 23. Concentrations of sulfuryl fluoride in Mill 5 in August 2006 .  
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Figure 24. Concentrations of sulfuryl fluoride in Mill 8 in July 2006.  
 



 59

 

Time Since Gas Release (h)

0 5 10 15 20 25 30 35

M
et

hy
l B

ro
m

id
e 

(g
/m

3 )

0

20

40

60

80

100

120

140

160 2nd Floor Mill 
4th Floor Mill 
6th Floor Mill 
1st Floor Bins 
4th Floor Bins 

Mill 6A, Mill
November 2005

 
 
Figure 25. Concentrations of methyl bromide in Mill 6A (Mill) in November 2005 .  
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Figure 26. Concentrations of methyl bromide in Mill 6B (Packing Plant) in July 2006 .  
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Figure 27. Concentrations of phosphine in Mill 6B (Packing Plant) in November 2005.  
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Figure 28. Concentrations of carbon dioxide in Mill 6B (Packing Plant) in November 2005. 
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Figure 28. Concentrations of phosphine in Mill 6A (Mill) in July 2006.  
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Figure 29. Concentrations of carbon dioxide in Mill 6A (Mill) in July 2005. 
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Figure 30. Concentrations of methyl bromide in Mill 7 in June 2006. 
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APPENDIX 2: 
 
STORED PRODUCT PEST CONTROL IN CANADIAN GRAIN MILLING 
FACILITIES                                                                      

 
Note to readers:   This appendix is largely reproduced from Section II  of CNMA’s 

March 2004 report on comparative analysis of heat treatment 
technologies with methyl bromide. 

 
State-of-the-art grain milling equipment has been globally available for decades, as have milling 
facility design, engineering and construction expertise.  Most of the mill processing equipment 
that is commercially available in 2004 is manufactured in EU countries and in the United States.   
The majority of electrical and mechanical equipment used in Canadian mills is widely available 
throughout North America.  Much of the product spouting, transfer and storage equipment is 
fabricated by Canadian manufacturers. 
 
The Canadian grain milling industry has undergone extensive expansion and modernization since 
the early 1990's.  The expansion has been achieved by three means.  These are: 
 
C construction of new mills 
C addition of entire milling units to existing facilities 
C increase in capacity through replacement of existing equipment and/or addition of roll 

stands, purifiers and sifters and related distribution equipment to existing milling units 
 
Both wheat milling and oat milling have experienced significant capacity increases during the 
past 15 years.  This has included construction of 4 new oat milling facilities in western Canada 
plus construction of 4 new wheat milling facilities in western and eastern Canadian provinces.  
Wheat milling capacity has increased by approximately 15% since 2000.   
 
A major part of the modernization has been the addition of aspiration and dust collection 
equipment.  This equipment serves a number of purposes.  These are: 
 
C capture of flour dust suspended in air within the processing equipment and return to the 

product stream to increase extraction rate (yield) 
C reduction of particulate matter released into the external environment through passive and 

forced exhaust air 
C removal of suspended grain and flour dust from the mill environment to reduce worker 

exposure to dust and reduce accumulations of grain dust on equipment and structure 
surfaces 

 
This last point is of fundamental importance to the success of pest control programs in grain 
mills.  Accumulations of grain dust and flour dust provide both food and shelter to grain and 
flour beetles that are the primary insect pests found in grain mills.  When such dust finds its way 
into cracks, crevices and confined spaces that cannot be reached by brooms and vacuum 
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equipment, grain and flour beetles that are indigenous (present in nature) have ideal refuge in 
which to feed, grow and multiply.  As a consequence: 
 
1. small populations of grain and flour beetles are normally present in the structural 

components of mills (cracks and interfaces) employing the best known hygiene and pest 
control practices 

 
2. grain mills must employ physical means of pest control within the grain milling process 

to ensure that finished products are free of insects 
 
Physical Means of Pest Control Within the Grain Milling Process 
 
The physical or mechanical means of removing insects from unprocessed grain and milled grain 
product streams have been part of the grain milling process for decades.  The three principal 
means of mechanical control during the milling process are: 
 
C mechanical separation of foreign materials, including live and dead insects/insect parts by 

means of sifting and aspiration (air suspension under negative pressure) 
C high speed centrifugal impact (entoletion) of milled grain product streams (flour 

fractions) 
C re-bolt (final) sifting of milled grain products before packaging and shipment 
 
All three are employed in the manufacture of grain flours where entoletion is the key step in 
achieving 100% insect mortality of all insect life stages that are not removed during the grain 
cleaning process.  Re-bolt sifting provides added assurance that no live insects have entered the 
product stream following entoletion and before final binning. 
 
However, entoleters cannot be used where certain minimum particle sizes must be maintained as 
in the case of semolinas, brans, flakes and pearled whole grains.  Facilities manufacturing and/or 
receiving these milled grain products for further processing must rely upon other physical, 
chemical and good manufacturing practice means of ensuring absence of insect pests from 
finished products. 
 
Plant Hygiene 
 
The most important good manufacturing practice and component of an integrated pest 
management (IPM) program in the control of insect pests outside of the product streams in a 
grain milling facility structure (floors, walls, ceilings, equipment support infrastructure, 
packaging materials, spare equipment parts) is a continuous program of plant hygiene.  The 
primary objective of a plant hygiene program in a grain milling facility is to prevent 
accumulation of grain and flour dust that escapes from processing equipment during the grain 
cleaning and milling processes.  Although almost 100% of grain milling equipment is equipped 
with aspiration (negative pressure to remove airborne dust particles to air filtration equipment), 
escape of some dust into air within a milling facility is unavoidable.  Grain and flour dust does 
not normally remain suspended in air, but instead settles onto facility and equipment surfaces.  
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Because accumulated grain and flour dust acts as a source of food and refuge for insect pests as 
well as representing a fire and explosion hazard, these surfaces must be routinely cleaned by 
hand using brooms, vacuum equipment and under controlled circumstances (maintenance shut-
downs) compressed air jets.   
 
Since many milling facilities operate 24 hours per day, six to seven days per week,  
mill cleaning must be conducted during normal manufacturing operations.  To achieve this, a 
small minority of grain milling industry production workers is completely dedicated to mill 
cleaning activities.  The majority of production workers carry some responsibility for plant 
hygiene, tasked with cleaning of product spills as they occur, and with routine equipment 
maintenance and cleaning functions.  With declining availability and increasing cost of methyl 
bromide, Canadian milling firms have been adding dedicated mill hygiene staff. 
 
During scheduled maintenance shutdowns and unscheduled shutdowns due to equipment failure 
or chokes, processing and product transfer equipment is  disassembled and manually cleaned to 
remove product residues that can also harbour live insects.  More advanced designs of milling 
equipment have reduced cavities and surfaces where product can accumulated and incorporated 
easier access for manual cleaning.   In addition, mechanical elevation (bucket elevators), gravity 
spouts and where possible, screw conveyors have been replaced in new construction and 
renovations by pneumatic product transfer equipment.  This has served to reduce the number of 
voids and surfaces where product can accumulate within the milling process and to reduce the 
amount of dust that escapes from product streams into the mill environment.    
 
Contact Insecticides 
 
Contact insecticides with low mammalian toxicity such as malathion and pyrethrins have long 
been used as part of pest control programs in grain milling facilities.  They are particularly useful 
as residual insecticides in areas of the mill structure that do not normally come into contact with 
milled product streams.   
 
In recent years, diatomaceous earth (microscopic sized exoskeletons of prehistoric ocean-
dwelling single-celled algae  found in mineral deposits) has been used as a contact insecticide in 
structural cracks and voids that cannot be reached through manual cleaning methods.  DE is also 
approved as a contact insecticide in stored grain, recognizing that it can be effectively removed 
during the grain cleaning process prior to milling. 
 
Grain Storage Fumigation 
 
Because of the ongoing turnover (throughput) of wheat and other grains in milling facilities, 
fumigation of on-site grain storage bins is rarely conducted but can be used where significant 
insect infestation is apparent and must be eliminated as a source of infestation of the mill 
processing structure.  In these circumstances, MB is not the fumigant that is normally used.  
Rather, the preferred fumigants are aluminum and magnesium phosphide, both of which generate 
phosphine gas.  Although very effective in achieving insect mortality, phosphine is also highly 
and unpredictably corrosive to conductive metals that are used in grain milling electrical and 
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electronic equipment.  As a consequence, phosphine is rarely used for structural fumigation of 
grain mills. 
 
Structural Fumigation 
 
For more than the past 30 years, methyl bromide has been licensed and commercially available 
as the product of choice for control of stored product pests in grain milling and pasta 
manufacturing facilities in Canada.  The majority of facilities have undergone one or two 
fumigations annually, normally conducted during the period April to November.  
As noted above, the other fumigants that are licensed and commercially available in Canada are 
magnesium phosphide and aluminum phosphide, both used to generate phosphine gas.  It has 
been the experience of the Canadian milling industry that phosphine gas can cause significant 
levels of corrosion to conductive metals (contacts and circuits) in electrical and microelectronic 
components of milling equipment and telecommunications (telephones, intercoms) equipment.  
Levels of corrosion sufficient to cause equipment malfunction have been observed as a 
consequence of as few as a single fumigation or the cumulative result of fumigations over a 
period of years .  Laboratory research (CANMET, Brigham, 1998, 1999)  conducted in Canada 
suggests that corrosion can occur at a wide range of temperatures and relative humidity.  As a 
consequence of this practical experience and research, Canadian milling companies do not 
normally use phosphine as a means of insect pest control. 
 
 
Cold Treatment - Freeze Outs 
 
While it is recognized that prolonged (72 to 96 hour) exposure to sub-zero Celsius temperatures 
can result in a high rate of stored product pest mortality, cold treatments are not considered a 
practical means of insect control in Canadian grain milling facilities.   However, no research has 
been conducted in Canada in recent years to assess.   
 
Integrated Pest Management 
 
The term Aintegrated pest management@ or IPM, has often been portrayed as the most feasible 
Aalternative@ to chemical fumigation.  While various pest control service providers offer 
variations on IPM programs, particularly in the latter stages of the regulated phase-out of MB  , 
the core components of most IPM programs are: 
 
1. effective dust collection systems to minimize accumulation of dust residues 
2. aggressive and continuous mill hygiene program that includes frequent bin and 

processing equipment clean-outs 
3. elimination of harbourage (hiding and breeding places) for insect pests 
4. selective use of contact pesticides 
5. careful monitoring of insect populations 
6. periodic fumigation or heat treatments to achieve a level of insect mortality sufficient to 

interrupt the pest life cycle and temporarily eliminate the insect population in the treated 
area(s) 
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These key components essentially describe the normal good operating practices of Canadian 
grain milling facilities for most of the second half of the twentieth century.  However, the 
regulated phase-out of methyl bromide has increased the importance of the first five components 
and focussed research and development efforts on more effective means of heat treatment. 
 
Heat Treatment 
 
Heat treatment as a means of insect pest control in the Canadian grain milling industry predates 
1990, when it was incorporated as part of an integrated pest management program of a single 
grain milling facility.  This use has been referenced in an earlier report  (Alternatives to Methyl 
Bromide: Selected Case Studies, Agriculture and Agri-Food Canada) where it was described as 
an alternative to chemical fumigation.  However, this portrayal was inaccurate in that the firm in 
question considers periodic use of chemical fumigation to be an essential component of its pest 
control program. 
 
Heat Treatment Mode of Action in Insect Pest Mortality 
 
Although the stored product insect pests typically found in Canadian grain mills thrive in warm 
temperatures ranging from 16 to 34 degrees Celsius, these same species have a very low 
tolerance for sustained temperatures in the range of 40 to 60    degrees Celsius that can be 
achieved and maintained in some milling facilities without risk of damage to mill structure or 
equipment.  The physiological mode of action has been well researched and documented  When 
beetles are exposed to elevated temperatures, they experience elevated respiration rate and 
desiccation.  In summary, the heat interferes with the normal metabolic and respiratory functions 
of this insects, albeit in a difference fashion than chemical pesticides. 
 
However, In some respects, heat performs like a chemical fumigant.  The heat is Acarried@in 
gases (the air that is present in or forced into the facility during the heat treatment process) that 
can be dispersed throughout the milling facility and under ideal conditions, reach most, if not all 
areas of harbourage for stored product pests.  Heat is a predictably effective means of achieving 
insect pest mortality, assuming ambient temperatures can be elevated and controlled throughout 
the entire structure being treated.  Heat is neither toxic nor a significant health or safety threat to 
mill employees or pest control personnel during the multiple short term periods of exposure 
required during a heat treatment.  When heat is lost into the environment during and after a mill 
heat treatment, it poses no apparent ecological threat or mammalian health and safety risk.  With 
these attributes, heat would appear to be the ideal Afumigant@ to serve as the alternative to methyl 
bromide in controlling insect pests in grain milling facilities.  However, in practice, heat is 
actually more difficult to dissipate evenly throughout a grain milling facility structure than is a 
highly volatile substance such as methyl bromide in its gas phase.  Unlike a fumigant such as 
methyl bromide, heat is rapidly absorbed in massive quantities by the facility=s structural 
components and processing equipment (steel beams and cladding, concrete floors, masonry 
walls, metal and equipment components).  As a consequence, a great deal more heat (as 
measured in terms of the fossil fuel consumed during a heat treatment) is often required to 
achieve insect mortality than the volume of a chemical fumigant such as methyl bromide. 


