Getting HOT With Insect Pests


October 4, 2001

Introduction
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"Integrated pest management (IPM) is an effective and environmentally sensitive approach to pest management that relies on a combination of common-sense practices. IPM programs use current, comprehensive information on the life cycles of pests and their interactions with the environment. This information, in combination with available pest control methods, is used to manage pest damage by the most economical means, with the least possible hazard to people, property and environment. IPM programs take advantage of all pest management options possible, including, but not limited to, the judicious use of pesticides. " - EPA definition.

Basically, this means multiple tactics are utilized together to form an effective strategy for the management of pests. At Copesan, this concept has evolved into a 12-point comprehensive IPM system. One of these components is physical pest control. 

Physical controls are those direct or indirect measures, such as heat, cold, humidity, sound, energy and inert gases that are utilized to destroy pest populations outright or make their environment unsuitable for their entry, dispersal, reproduction or survival. We are working with our clients in an educational manner to provide innovative pest management that will get physical with insect pests.

Since the early 1900's, t[image: image2.png]


he use of higher temperature (heat) as a non-chemical alternative to fumigation has been a feasible treatment for stored product insect control in the food industry. Today's consumer attitude toward chemicals in general, along with subsequent restrictions, i.e. Methyl Bromide and FQPA, have provided a challenge to the control of stored product insects in various food processing facilities. Heat can   be used effectively, efficiently and economically as a space treatment for many food-processing facilities. The future of heat treatments will likely be a pest solution for various localized insect problem areas that are inaccessible for cleaning, i.e. block walls or inadequately designed equipment. Confining heat to a specific zone while the rest of the facility remains in operation, with maintenance, renovation, construction and/or cleaning activities, is an effective economical approach. 

An opportunity arose recently to confine heat to a specific inaccessible zone while the rest of the facility remained in operation with maintenance, construction and deep cleaning activities. 

The decision to heat-treat a large malting operation in the upper central United States began in early August 2001. Gibbium aequinoctiale (spider beetle) were being found along inside walls that were inaccessible for cleaning i.e. brick/block walls. Thorough inspections had determined the likely insect source were within these walls. Our client asked Randy Allen, one of our certified IPM Specialists and a Wil-Kil Pest Control area manager, about the feasibility of conducting a heat treatment for these spider beetles. A laboratory experiment conducted by this author found these spider beetles were susceptible to mortality at 1200 F. This malting operation had significant heat available with excellent air velocity and uniform distribution. It was suggested that their internal heat be used to reach the lethal 1200 F. at the insect source inside these block walls. 

The malting operation was scheduling a shutdown the week of August 26th with major preventative maintenance and deep cleaning activities planned. The feasibility of doing a heat-up during this scheduled activity was reviewed. Although the client had not done a heat treatment for insect control, they were familiar with the concept, knowledgeable about using heat. A goal was to create an environment of 1200 - 1400 F. for 16 – 24 hours in a 602,640 cubic feet area. The dimension for each kiln was 155’ L., 36’ W. by 36’ H. An action plan was developed and put into motion. 

Schedule & Timetable

   8/14 Tuesday
Initial Planning Meeting 
= Heat treatment Go decision with a plan of

   action developed and put into motion.

   8/17 Friday

Second Planning Meeting
= Air movers/ fans diagram developed, insect 

   test cages mapped, temperature monitoring 

   diagram developed, manpower identified.

   8/23 Thursday
Final Planning Meeting
= Schedule update, equipment/supplies purchase

   reviewed, manpower scheduled, diagrams fine

   tuned, problematic “what if” plans developed. 

   8/26 Sunday

Heat Treatment Begins




Noon
Set-up Equipment




3 PM
Heat Turned On East and West Kilns, Center ½ hour later




5 PM
Temps Approach 120o F.

   8/27 Monday
Heat Treatment Concludes




1 PM
Heat Turned Off




3 PM
Cool Down Sequence Starts




5 PM
Final Monitoring And Remove Equipment




6 PM
Area Returned To Operation

Building Sealing and Cleaning
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Since the heat-treated area was designed for heat related processing, sealing and other traditional heat-up preparation was minimal. Basically the area was de-drafted around entry doors to restrict cool air entrance. Cleaning preparation was designed to remove all grain and minimize grain related debris such as chaff. Floors were swept and brick wall/floor junctions were detailed cleaned by vacuum. Shortly prior to the heat-up a small grain related debris spillage occurred creating some last minute hurried cleaning. The final level of cleanliness prior to heating was described as reasonable.

Insecticide Residual Treatment


At temperatures around 100 - 110o F., insects move rapidly toward cooler areas. Research has shown cyfluthrin wettable powder may be the material best suited for these higher temperatures. Cyfluthrin WP is a pyrethroid insecticide that was pin stream applied as a residual treatment in the wall/floor cracks/crevices immediately following the vacuuming cleaning activity.

Fire Protection


Fire protection was not changed. Fire extinguishers outside near each kiln were left in place.
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Power and Heating Equipment 


The client provided all power and heat. Three boilers provided heat to each kiln with a start-up heat sequence of the east and west kilns followed ½ hour later by the center. This sequence is based upon a concept to surround insects with hot air running their escape route into the ultimate center hot zone. Nine boilers with a total capacity of around 45 million BTUs were used for this heat-up. An input temperature of 140 – 145o F. was utilized and delivered through the operations process.

Air Circulation Equipment
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The existing air velocity was vertical and uniform. A total of 50 air movers and fans were positioned to supplement the existing air movement adding a horizontal swirl directed along the lower walls. (See diagram 1) This combination created a strategically directed airflow delivering hot air to the insect source. Three high-volume industrial air circulators were positioned in the middle of each kiln’s vertical heat entry. [image: image12.jpg]%
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 One high-volume duct was added targeting hot air down into the walkway. A pedestal air circulator was positioned in the corner of each kiln directing hot air directly toward the entry door. A combination of twelve smaller air movers and box fans were positioned to direct air along the walkway and other walls. Over 25 extension cords and power distributor boxes were utilized to energize the air circulation equipment from ten local outlets. Temperature feedback from two planned cool zone challenges resulted in timely minor modifications of the air circulation plan.

Temperature Monitoring
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Thermocouples were positioned in 23 upper wall locations near the ceiling throughout the three kilns. (See diagram 2) Each location measured the temperature about 6” into the wall programmed for 1-minute intervals. For ease of monitoring, the data receiver was positioned near “command central” in the nearby hallway. A digital probe was used to measure temperatures about 6” into 42 lower wall locations near the floor. (See diagram 3) Three sets of measurements were obtained early, middle and end of the heat treatment on the buddy system. 

A Raytek Raynger MX4 high performance infrared thermometer was used at the same 42 lower locations for surface temperature along with the 23 upper thermocouple locations. Thirteen sets of surface temperature measurements were obtained on the buddy system. Two planned cool zone challenges were conducted at the four-hour and sixteen-hour points. Two Hobo temperature humidity data loggers were positioned within the kilns near two corners to measure atmospheric conditions and programmed for 1-minute intervals. A total of 36,971 temperature measurements were noted. (See atmospheric temperature and relative humidity charts 1 and 2). 

[image: image8.jpg]


Relative Humidity Monitoring


In addition to the Hobo temperature and humidity data loggers, a digital

thermo hygrometer was used to verify atmospheric temperature while obtaining

relative humidity data. Relative humidity started around 65 %, falling to around 10% before the cool down was initiated. Ambient humidity was in the 60 –70% range for the duration of the heat-up.

Test Insect Monitoring


A total of 600 confused flour beetle adults (60 cages) were used to monitor the efficacy of the heat treatment. 42 Bug–Chek cages (LSB Products, Manhattan, KS) were positioned throughout the heated area near the same 42 lower temperature-monitoring locations. Twelve cages were used in a grain chaff heat penetration experiment conducted by Copesan’s Director of Technical Support, Dr. Jim Sargent. Six cages were held ambient serving as a “control”. All insects were held for seven days following death to assure the initial observations of mortality. It was recommended that some target insects be positioned within the heat zone. However, there were not enough spider beetles escaping from the wall during the two weeks of preparation for a target species scientific efficacy study. 

Results

Temperatures


The ambient temperature before the heat treatment was around 75o F. with an ambient relative humidity of 60 - 70%. During the evening, ambient temperatures fell into the 60o F. range elevating again into the 70o F. range the next day. It took about two hours to reach the target temperature of 120+o F. A residual temperature affect was present from the preceding processing time thus reducing the planned temperature increase time. Temperatures stayed within 120 - 145o F. for about 24 hours. In a similar manner as the heat-up, the cool down went quicker than plan in about four hours. Refer to the accompanying charts 3, 4, 5, 6, 7 and 8 for more detailed temperature/time information. It seemed evident early in this heat treatment temperature was well under control. The 140 – 145o F. input temperature with a strong uniform air movement was impressive. The air circulation plan was working well. We needed to sustain holding to the plan while searching for any cool zones for air flow modifications. The floor temperature above the kilns reached 125 - 130o F. indicated excellent temperature penetration into the concrete. Maximum temperature recorded by a Hobo data logger in the west kiln (floor southeast corner) was 144.9 degrees F. with the lowest relative humidity at 7.2% (5:20 am, August 27, 2001). Maximum temperature recorded by another Hobo data logger in the center kiln (floor southwest corner) [opposite side of wall from previous data logger] was 147.6 degrees F. with the lowest relative humidity at 7.2% (10:13 – 10:31 am, August 27, 2001). Although it was tempting to shorten the holding time, historical treatments indicate it takes a long time to raise the cores of concrete walls to the lethal 120 – 140o F. level.
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Insects


All “control” insects lived. 410 (98%) of the 420 confused flour beetles positioned throughout the heated area were dead (Table A). The surviving insects were located near an entry door. Spider beetles were observed in a serious heat stroke condition on the floor near the walls. The temperatures along with these insect observations indicate a high level of mortality.

Structural and Equipment

There were no structural or equipment heat related problems following the heat treatment. All air circulators performed admirably. A series of the smaller air movers quit operating close to 140o F. (these were unexpected.) with 10% of the 20-inch box fans not surviving (these were expected). 

Grain Chaff Heat Penetration Study, Jim Sargent, Ph. D.

The unexpected presence of various amounts of grain chaff and debris in the kilns raised the question of possible survival of insects on the floor (e.g., under grain debris on the floor in the outside corner of a walkway). Some fluffy grain chaff/debris was collected and allowed to cool. A five gallon white plastic pail was prepared with two inches of grain debris in the bottom, then a HOBO data logger, then four reseal able plastic bags with 3 insect test cages (containing 10 confused flour beetles) inside each bag, surrounded and topped with at least two inches additional grain debris. A bag of test cages was pulled from the buried stack every hour after the bucket was placed in the southwest corner of the East kiln (approximately 140 degrees F. air temperature).

The insects pulled out of the “insulated” bucket one hour after placement in the hot kiln were very, very active in their test cages. The temperature inside the bucket had risen over twenty degrees to 98.6o F. during the first hour. After the second hour of exposure in the test cages with the temperature rising to 115.5o F., these insects were alive, but not so active. Three and four hours after placement, all of the test insects were dead (Table B). The temperature was 126.2 o F. when the third bag of test cages were pulled from the bucket. This data appears to reinforce the commonly held belief that flour beetles heated to 120+o F. die. This data indicates that two inches of grain chaff/debris provided protection to flour beetles from a 140o air temperature for nearly three hours.

The live flour beetles were placed into quart jars with 20 grams of whole-wheat flour fortified (1%) with dry brewer’s yeast. Ten days later, the beetles were screened from the flour and the flour was incubated at room temperature. At 30 days post screening, the flour was screened again and progeny were collected and counted. There were a few tiny larvae from the surviving beetles inside the light grain chaff debris exposed to 140 degrees F. for the first two hours. Thus, there was some confused flour beetle progeny from the insects heated but not killed during the experiment. 


There was no surviving off spring of adults held for three and four hours after placement.

This study will continue in an attempt to determine if there is an affect, if any, on the reproduction ability of these confused flour beetles.

Cost Summary


The total cost to conduct this heat treatment was around $20,000; about 25% was in energy cost. Around 25% of these heat treatment expense would likely not be incurred again in the future. Examples of these expenditures are drilling 65 holes for probes, hole plugs, extension cords/boxes, air circulators, fans, etc. If one was able (extremely difficult to seal the floors and ceilings) to perform a methyl bromide fumigation of this same 602,640 cubic feet of space, it may cost over $40,000. This heat treatment cost is an economical environmentally sound approach for this unusual insect pest.

Summary


Three kilns within a large malting facility were heated to 120 - 145o F. and held for 22 - 24 hours. The total heat treatment time from arrival to departure was thirty hours. During this same time period preventative maintenance, renovation, construction and/or deep cleaning activities were in progress. Overall test insect mortality was 98%. The facility start-up was without heat treatment related structural, mechanical, or electrical incident. In some cases a first time heat treatment, especially of this magnitude, is with some problems. Confining heat to a specific zone while the rest of the facility remains in operation with preventative maintenance, renovation, construction and/or a deep cleaning activities is an effective economical approach. Utilizing this malting operation available heat source with their excellent air velocity and uniform distribution supplemented by strategic air movers placed a lethal 120 - 1450 F. inside the brick and block walls. This heat treatment was a success for an unusual insect pest in an unusual environment.

Insect species such as Gibbium aequinoctiale (spider beetle) and Tribolium confusum (confused flour beetle) were exposed to this heat treatment, all with similar mortality results. Insects have a variety of responses to a sudden rise in temperature, but the most obvious is behavioral, as they simply try to get out of there. They can also have a physiological response, such as evaporative cooling to lower their body temperature. Although water represents about 70% of the body weight of most insects, insects can tolerate a temporary loss of 20 to 30% of this moisture for brief periods. In this heat stressed state they may appear to be dead. Usually the least thermo-tolerant tissue in the insect's body becomes the weak link. Overall, the insect's water intake must equal the insect's water loss from both excretion and transpiration. This is known as the Critical Transition Temperature or CTT. Above the CTT, insects will die quickly. With a temperature of 120 - 140° F. at a lower humidity, insects generally die of moisture loss. Experienced heat treatment professionals maintain that heat-induced mortality is equal to temperature plus time. A lethal temperature may have little meaning without time - that underlines the necessity of keeping the environment at a proper temperature sustained long enough to ensure overall effectiveness of the heat treatment. This heat treatment not only verifies historical information but provides additional information; different insect species, different genetics, different environment, different technical assistance, all with similar results. Indeed, heat is a feasible treatment for stored product insect control in the food industry, today and for generations to come. Additional research, especially with heat application, needs to be carried out to carry out efficacious, effective and economical heat treatments in the future. 

Summary of Problems Encountered With A Recommendation/Solution

Problem and/or Observation

1.  Cool zones identified near entry doors.

2.  The heat-treated area was not as clean as planned; due to a last minute spill. Although this grain chaff apparently did not have an affect on the heat treatment itself, it did cause an eye discomfort to the participants.

3.  Air circulators stopped operating at 140o F.

4.  Power losses to air circulation were encountered early in the heat-up.

5.  Although there were no injuries reported, some of the shift participants working in the heat on the buddy system were tired.  

6.  It was difficult climbing over the small walls near each kiln entrance/exit door. This created a little longer time for the monitoring buddies within the heat-up zone.

Recommendation and/or Solution

1.  Although the pedestal fan aimed directly at the entry doors helped to eliminate the cool zone, sealing of these doors would help.

2.  If last minute cleaning is not possible, then eye protection should be required.

3.  Check with manufacturer before purchase.

4.  The solution was to spread out the power distribution to prevent a high amp load. 

5.  Cool vests on site for extended heat entry is recommended. Screening of the participant’s physical status would also be suggested. A heat injury awareness and personal protective equipment training session for all participants is also suggested. Although one will probably always need to enter heat-treated zones, remote monitoring through thermocouple or wireless technology is a better process. 

6.  Ladders should be positioned in a safe manner for ease of route manipulation to shorten time within the heat-up zone.

MISCELLANEOUS HEAT TREATMENT INFORMATION

Raynger High Performance Infrared Thermometer (Model MX4) with temperature range –25o to 1600o F. from Raytek Corporation. Probes ranging from 12 to 48 inches were available for use. 

DeltraTRAK Infrared Thermometer (Model 15003) was used for the cool zone challenges.

Thermo-Hygrometer (Model 93640) from Hanna Instruments was used for atmospheric measurements of temperature and relative humidity.

Electro-Thermo Digital Thermometer (Model TM99A) with 65 mm probe (range:  –40 to +300 degrees F.) from Cooper Instrument Corporation.

HOBO H8 Pro Series data logger (range:  -22 to + 158 (+/- 0.7) degrees F., 0 to 100 % RH (+/- 3 %)) from Onset Corporation
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Director of Technical Training and Education

Copesan – Specialists In Pest Solutions

Brookfield, Wisconsin

Before joining Copesan in 1997, Ole accrued nearly 30 years of experience in quality assurance, food protection and pest management aspects of the food industry. He spent ten years each with Ralston Purina Company and IAMS Pet Food Company. Starting in 1990, he was a Food Protection Specialist for ConAgra, Inc. Omaha NE. Ole frequently conducts pest management, sanitation and food safety seminars for various food industry clients and Copesan Partners. He is currently a member of Copesan’s Technical Committee and is active in providing Heat Treatment Educational Workshops, customized for food industry companies.

Copesan is an alliance of regional pest management companies that are united as a single entity for the sole purpose of providing quality pest solutions to businesses with locations throughout North America. For more information about Copesan and our service capabilities, please contact Copesan’s corporate headquarters: 3490 N 127th St, Brookfield, Wisconsin, 53005, (262) 783-6261, or visit Copesan’s official web site at www.copesan.com.
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