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KILLING INSECT PESTS INSIDE WOOD BY

VACUUM DEHYDRATION

Development of the present invention was supported in

part by grant numbers 03-0301-08 and 04-1108-12 by the

Limestone Bluffs RC&D ofthe US Forest Service. The Gov-

ernment has certain rights in the invention.

FIELD OF THE INVENTION

The present invention relates generally to methods for kill-

ing pest insects inside wood. Particularly, the present inven-

tion relates to methods for killing insects inside wood using a

combination of vacuum, heat and dehydration.

BACKGROUND OF THE INVENTION

Wooden pallets, boxes and containers are commonly used

for shipping products and material. One problem with using

wooden shipping containers is that the wood can contain and

thereby facilitate the spread of insect pests such as wood

boring beetles. This is particularly a problem for international

shipping because infested wood containers can introduce

invasive and destructive species to new areas. Destructive

species can cause billions of dollars ofdamage to forests and

wood products industries and create long-lasting pest control

problems. There is therefore an urgent need for methods to

reliably kill pests within wood materials used for shipping

containers.

To prevent the spread of destructive insect pests in wood

and other materials, the United States and its trading partners

have adopted regulations known as the International Standard

for Phytosanitary Measures (ISPM). Presently, these regula-

tions require heat treatment of wood shipping materials at

least 56 degrees Celsius for 30 minutes, or fumigation in

methyl bromide. Though effective for killing pests, these

methods for wood treatment are problematic. Heat treatment

is energy intensive and therefore expensive. Methyl bromide

is toxic, is damaging to the Earth’s ozone layer and can affect

the appearance and properties of the wood. Methyl bromide

can also render the wood unsuitable for certain uses.

Another problem with both heat treatment and fumigation

is that the wood must be “stickered” (separated with spacers

to provide air gaps) before treatment so that heat and chemi-

cals can penetrate the lumber stack. Stickering a pile of lum-

ber is time consuming and labor intensive because the entire

stack must be manipulated and interleaved with air spacers.

Eliminating the stickering step would significantly reduce the

time and cost of wood treatment.

Due to the importance of eliminating invasive insect pests,

and the problems inherent in conventional methods for wood

pest control, there is an urgent need for new methods for

controlling wood pests. It would be particularly beneficial to

provide a method for controlling wood insect pests that is

environmentally benign, inexpensive and energy eflicient.

Additionally, a method that does not require stickering would

provide significant cost advantages.

SUMMARY OF THE INVENTION

The present invention provides methods for reliably killing

insect pests in wood. In the present invention, infested wood

is disposed inside a vacuum container having a flexible wall.

The vacuum container is evacuated and the flexible wall col-

lapses against the wood due to atmospheric pressure. Then,

the wood is heated by conduction through the flexible wall.

The heat can be provided by air at ambient temperature, or a
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heat source having a temperature above ambient (e.g. a hot

water bath or electric blanket). The wood is evacuated and

heated until the insects are killed by dehydration.

The wood can be in thermal contact with a heat source

having a temperature in the range of 15-30° C., or 30-55° C.

The vacuum container, wood and insects can be heated by

exposing the vacuum container to sunlight, for example.

Preferably, the wood remains in the vacuum container until

the insects lose at least 20% or 30% of their weight by dehy-

dration.

Preferably, the wood has an initial moisture content (by

weight) of less than 50%, and more preferably less than 25%.

A low initial moisture content in the woodresults in faster and

more reliable destruction of the insects. The amount of time

that the wood is exposed to vacuum can be selected based on

the initial moisture content of the wood.

Additionally, desiccant can be disposed within the vacuum

container to increase the rate ofdehydration. Also, dry gas can

be flowed into the vacuum container to increase the rate of

dehydration.

The present invention also includes an embodiment in

which insects are killed by exposing the wood to a combina-

tion of vacuum and desiccant material.

DESCRIPTION OF THE FIGURES

FIG. 1 shows an apparatus for killing insect pests inside

wood by vacuum dehydration.

FIG. 2 shows a flow chart of the method of the present

invention.

FIG. 3 shows an apparatus for flowing dry gas into the

vacuum container to increase the rate of insect dehydration.

FIG. 4 shows an alternative vacuum container for use with

the present invention. The vacuum container has a rigid plate.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides novel methods for killing

insect pests in wood. In the present invention, wood with

insect pests is disposed in a collapsible, vacuum tight con-

tainer having a flexible wall. The container is evacuated with

a vacuum pump, and the walls of the container press against

the wood due to atmospheric pressure. Heat is applied to the

container so that the wood is heated by conduction. The

applied heat maintains the temperature of the wood even as

water is evaporated. The heat tends to greatly increase the rate

of dehydration of the insects within the wood. Eventually,

dehydration of the insects kills the insects. Typically, dehy-

dration kills the insects after they have lost about 25-50% or

more of their body weight. Optionally, desiccant is added to

the container to further increase the rate of dehydration. Dry

air can also be flowed into the container to increase the rate of

dehydration. The method of the present invention is energy

eflicient and nonpolluting, and is particularly well suited for

rendering wood safe to use for containers for international

shipping. The method ofthe present invention will kill a wide

range of wood boring beetles, beetle larvae, nematodes,

worms, and the like.

FIG. 1 shows an apparatus for performing the method of

the present invention. The apparatus comprises a vacuum

pump 20 connected to a flexible vacuum container 22. Wood

24 containing undesired wood pests 26 is disposed within the

flexible vacuum container 22. The vacuum pump 20 and

container 22 can be connected by a re-attachable connector

26.

The wood pests 26 may be beetle larvae, mature beetles,

nematodes, worms, moths, or other kinds of insects, spiders
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or other small animals. Specific pest organisms ofconcern to

users of wood pallets and containers and that can be killed

according to the present invention include the asian longhorn

beetle (anoplophora glabripennis), ribbed pine borer (sleno-

corus linealus), sawyer beetle (monochamus carolinensis),

pinewood nematode (bursaphelenchus xylophilus), emerald

ash borer, and the oldhouse borer beetle (hylolrupes bajulus).

Other species can also be killed according to the present

method.

The vacuum pump is preferably a mechanical roughing

pump. Typically, the pump can produce a vacuum with a

pressure less than 200, 100, 50 or 20 Torr. The pump can be

powered by an electric motor, or by a gasoline engine, for

example. A device for absorbing or removing moisture (e. g. a

condenser) may be included in the path between the vacuum

container 22 and the vacuum pump 20 to protect the pump

from damage caused by moisture exposure.

The flexible vacuum container can be made of many dif-

ferent fluid-impervious materials such as polyvinyl chloride

(PVC), rubber, Mylar (polyester film), and the like. The bag

can be reinforced with fibrous material or fabric such as nylon

or other fibers. The container 22 preferably has a re-sealable

opening (not shown) for removing wood from and placing

wood within the container. The container 22 may comprise a

bag having only flexible walls.

Preferably, the container 22 is disposed to receive heat

energy from a heat source 28. The heat source maintains the

wood at ambient temperature or above by heat conduction

through the walls of the container 22. The heat source 28 can

comprise a hot water bath, a hot bath ofany other offlowable

material (e. g. sand, oil, or air), a warm room, sunlight, an

electric heater blanket, or hot circulating air heated by a

burner (e.g. a propane or natural gas burner). The heat source

28 may have a temperature in the range of about 20-60

degrees Celsius, for example). The heat source may simply be

air at ambient temperature (e.g. 10-30 degrees Celsius). For

example, the container 22 and wood may be located in a

warehouse or outdoors at ambient temperature.

In operation, wood 24 is disposed within the container 22.

The wood 24 may comprise a stack ofmany different shapes

and sizes oflumber. The stack ofwood in the container can be

very large and comprise hundreds or thousands ofpounds of

wood. The vacuum pump 20 evacuates the container 22. The

walls ofthe container 22 collapse against the wood 24. There-

fore, heat from outside the container 22 conducts through the

flexible container walls, and into the wood and insects. Mois-

ture from the insects 26 evaporates and is exhausted by the

vacuum pump 20. Heat conduction through the container

maintains the wood and insects 26 at a temperature necessary

for continued evaporation of moisture at a reasonable and

useful rate.

The pressure within the container 22 can be maintained at

less than about 100 Torr. Typically, the pressure in the con-

tainer will be maintained at about 10-40 Torr. In this pressure

range, insects are rapidly dehydrated, particularly when the

temperature of the wood and insects is maintained by heat

conduction through the container walls. The rapid dehydra-

tion kills the insects 26; typically insects die when they have

lost about 30 or 40% of their body weight by dehydration.

Most beetle larvae and nematodes die in less than 24 hours

when exposed to a vacuum of 20 mmHg and maintained at

temperatures in the range of about 20-250 Celsius, provided

that the insects do not have access to water (e.g. frommoisture

in the wood).

It is important to note that, without the flexible container 22

of the present invention, it is diflicult to sustain rapid dehy-

dration of the insects 26. When insects 26 and wood 24 are
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disposed in a rigid container, as in the prior art, vacuum

causes rapid reduction in temperature by evaporation, which

tends to greatly reduce the rate of dehydration. A rigid con-

tainer maintains a vacuum around the wood, which thermally

insulates the wood and insects, thereby allowing the wood

and insects to become much colder than the surrounding

environment. Cold temperatures slow the rate of dehydration

and allow insects to survive for extended periods (e. g. longer

than 48 or 60 hours) in the vacuum. For this reason, the

maintaining the temperature of the wood and insects (by

contact between the wood and flexible wall of the vacuum

container 22) greatly increases the rate of dehydration of the

insects.

In experiments performed by the present inventors, larvae

ofbeetles were inserted into holes drilled into wood samples.

The holes were then sealed with tight-fitting wooden dowels.

The wood samples were then placed in the vacuum container.

The insects were periodically removed from the vacuum con-

tainer, weighed to determine the percentage body weight loss

from dehydration, and observed to determine if they were

alive or dead. Since only periodic observation is possible with

this method, the exact time of death, and therefore the exact

body weight at the precise time of death, could not be deter-

mined.

The wood samples containing the insects were typically air

dried before insects were inserted (e.g. to about 5-15% mois-

ture content), though some wood samples were not dried.

Some insects can obtain moisture from moist wood, which

tends to protect the organism from dehydration and allow it to

survive in the vacuum for longer duration.

Typically, it was observed that insects were killed by mois-

ture loss ofabout 25-30% ormore by weight. Moisture loss of

less than 20% by weight was often not enough dehydration to

reliably kill the insects. Most generally, in the present inven-

tion, the weight loss ofthe insects should be greater than 20%

to assure the insects are killed. The weight loss can be in the

range of 20-80% for example.

Below are listed some experimental results demonstrating

the efficacy ofthe present invention. All the experiments were

performed with a vacuum of 20 mmHg and at a temperature

of20 degrees Celsius. The vacuum container used was a PVC

flexible container evacuated with a mechanical roughing

pump. Typically the larvae had initial weights of about 225-

400 milligrams.

TABLE 1

 

Experimental results with various larvae and wood types 

 

Initial

moisture

content Average

Species and Time (MC) of and range

quantity (hours) wood ofweight loss Result

Ribbed pine 90 hours 9% MC Average: 66.3% 100% dead

borer larvae Range: 59-71.8%

(9 organisms)

Sawyer beetle 90 hours 9% MC Average: 69.9% 100% dead

larvae Range: 55-84%

(7 organisms)

Ribbed pine 24 hours 31% MC Average: 51.9% 100% dead

borer larvae Range: 46-55.4%

(5 organisms)

Ribbed pine 24 hours 9% MC Average: 61.3% 100% dead

borer larvae Range:

(4 organisms) 55.1-67.5%

Ribbed pine 12 hours 42% MC Average: 25.8% 66% dead

borer larvae Range: 14.8-58% (10 of 18)
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TABLE 1-continued

 

Experimental results with various larvae and wood types 

 

Initial

moisture

content Average

Species and Time (MC) of and range

quantity (hours) wood ofweight loss Result

(18 organisms) 10 Dead

avg: 32%

8 Alive

avg: 18.2%

 

It is important to note that, in the experiments listed above,

the wood moisture content was not significantly reduced by

exposure to vacuum. Typically, the reduction in moisture

content ofthe wood was about 1-3%. This is because in all the

above-listed experiments the wood was maintained at ambi-

ent room temperature of about 20 degrees Celsius. In order to

dry the wood by vacuum in a reasonable period of time, it is

generally necessary to heat the wood above 30 degrees Cel-

sius or higher. Insects dehydrate much more rapidly than

wood at ambient temperatures (e.g. 15-30 degrees Celsius).

Hence, when performed at ambient temperatures, the present

method can be used to kill insects by dehydration without

substantially affecting the moisture content of the wood. If it

is desired to both reduce the wood moisture content, and kill

the insects more rapidly, then the wood can be heated to

temperatures in the range of 30-50 degrees Celsius, for

example. As noted above, the wood is easily heated by con-

duction because it is in physical contact with the walls of the

flexible vacuum container.

The inventors have determined that wood insects exposed

to vacuum while inside wood are killed by dehydration, not

by asphyxiation or lack ofoxygen. This was proven by experi-

ments in which insects inserted into wood with a high mois-

ture content (e.g. 50-70%) could survive for several days in

vacuum with little or no oxygen. In these experiments, the

insects obtained moisture from the wood, and thereby

avoided dehydration. For example, in the final experiment in

the table above, the larvae were able to survive for 12 hours in

wood having a moisture content of 42%, despite the almost

complete lack of oxygen during this time.

In experiments performed by the present inventors, it has

been found that the larvae of the old house borer beetle

(hylolrupes bajulus) are particularly resistant to dehydration

by vacuum. This is apparently because the old house borer

beetle larvae have an exceptional ability to obtain moisture

from wood during the vacuum dehydration process. Conse-

quently, is old house borer beetle larvae are capable of sur-

viving extended vacuum exposure in wood having a high

moisture content (e.g. about 40 or 50% moisture). Also, old

house borer beetle larvae are adapted for living in wood with

low moisture content (e.g. less than 10%), and at high tem-

peratures. Empirically, it has been determined that larvae of

the old house borer beetle are perhaps the most resistant to

vacuum dehydration ofall the common wood infesting pests.

Due to its importance as a pest species, and its resistance to

vacuum dehydration and dehydration generally, the old house

borer beetle larvae was used as a test species for the present

invention in a series of experiments.

In experiments with old house borer beetle larvae, the time

required for reliably killing the larvae was found to depend

greatly on the initial moisture content of the wood. Below is

a table summarizing the results ofexperiments with old house

borer beetle larvae. All experiments were performed with a
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6

vacuum of about 20 mmHg and at a temperature of about 20

degrees Celsius. The wood and larvae were maintained at this

temperature due to contact with the flexible wall of the

vacuum container.

TABLE 2

 

Vacuum time for killing old house borer beetle larvae

(hylalrupes bajulus) 

Time required

 

Initial moisture content for killing Percentage weight loss of

(MC), and wood type larvae larvae at final measurement

7% MC Yellow poplar 10 hours 33%

12% MC Yellow pine 29-48 hours 36-52%

23% MC Yellow pine 48-53 hours 29-40%

70% MC Red oak Larvae alive 6%

after 120 hours

 

In the experimental results in the table above, the time

required for killing larvae is given as a range because the exact

time of death of the larvae could not be determined with

precision. This is because the larvae were unobservable while

in the vacuum container, and the vacuum container had to be

opened periodically to check the status ofthe larvae. The time

range indicated is the range given by the last time the larvae

were observed alive, and the first time they were observed

dead.

Significantly, the old house borer larvae survived over 120

hours of exposure to vacuum in red oak containing 70%

moisture. Despite the absence of oxygen during this time

(oxygen is readily removed by the vacuum pump and dis-

placed by evaporating water), the larvae survived. The larvae

were not significantly dehydrated even after 120 hours. The

survival ofthe larvae in this experiment proves that the larvae

are killed not by oxygen deprivation, but rather by dehydra-

tion. The high moisture content of the wood enabled the

larvae to resist dehydration. For this reason, it is preferable in

the invention for the wood to have an initial moisture content

of less than 50%, more preferably less than 25%, by weight.

Insects are more reliably and rapidly killed when the wood

has low initial moisture content.

However, it is noted that the old house borer insect is a

dry-wood infesting insect and is adapted for living only in dry

wood (e.g. typically having less than 20 or 25% moisture

content). The old house borer is generally never found in

green wood having a moisture content above about 30%.

Hence, the above-described experiment with the old house

borer in 70% moisture content wood is a situation (a dry-

wood insect living in wet wood) that will never be found

naturally, and represents the most difficult challenge for

vacuum dehydration insect control.

Of particular concern to regulatory agencies are invasive

species adapted for living in wet wood (e.g. with moisture

content in the range of about 35-80%). Wet wood insects

typically attack living trees and therefore pose a threat to

forests. Insects adapted to living in wet wood are highly

susceptible to dehydration and tend to be easily killed by the

present vacuum dehydration method, even when present in

wood with a high moisture content. Wet wood insects are not

well adapted to obtaining moisture from wet wood, or resist-

ing the dehydrating effect ofvacuum exposure.

Dry wood adapted insects (e. g. the old house borer) in dry

wood (with less than 25% moisture content) and wet wood

adapted insects (e.g. the asian long horned beetle and emerald

ash borer) in wet wood (e. g. with greater than 50% moisture

content) are generally equally susceptible to vacuum dehy-
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dration. In both situations, the insects will typically be

destroyed by less than 48 hours ofvacuum exposure.

However, there may be situations where a dry wood insect

is found in wood with a relatively high moisture content. In

this case, the insect will be more diflicult to destroy. Killing

the insect may require prior drying ofthe wood (e. g. to reduce

moisture content to below 25%, for example), higher tem-

peratures during vacuum exposure, or extended duration

vacuum exposure.

Alternatively, ifwood with high initial moisture content is

used, then the wood and insects can be heated above ambient

temperatures to simultaneously dehydrate the wood and kill

the insects. More rapid dehydration ofthe wood will result in

more rapid and reliable killing of the insects.

FIG. 2 shows a flow chart of the method of the present

invention. In step 101, wood is placed in the vacuum con-

tainer. The wood can be hardwood or softwood or any other

kind of wood. The wood can be cut into square lumber, or

rough cut logs. The wood can be wet or dry, but the insects

will be more quickly and reliably killed ifthe wood is at least

partially dried.

In step 102, the container is evacuated, and walls of the

container press against the wood due to external atmospheric

pressure. Contact between the wood and container walls

facilitates heat transfer to the wood as moisture evaporates.

The temperature of the wood and insects is maintained at

ambient or above.

In step 103, heat is applied to the container and wood. Heat

can be applied by contacting the container to a heat source, or

submerging the container in a heated bath (e.g. comprising

water or oil). Alternatively, the container and wood can sim-

ply be in contact with air at an ambient temperature. Also,

sunlight can be used to heat the container and wood.

In step 104, the vacuum and, preferably, temperature are

maintained until insects inside the wood are killed by dehy-

dration. The time required to kill the insect pests in the wood

depends on the insect species, wood moisture content, tem-

perature and vacuum pressure. For resistant insect species

(e.g., such as the old house borer beetle) in a high moisture

content wood, vacuum times exceeding 100 hours, in addition

to elevated temperature (e.g. above 35 degrees Celsius) may

be necessary. More typically, in dry or partially dry wood,

insect pests can be reliably eliminated in about 36-60 hours.

In some situations, insects can be reliably killed in 12 hours or

less (e.g. an easily dehydrated insect species in dry wood and

at elevated temperature).

Optionally, in another aspect ofthe present invention, des-

iccant material is added to the container with the wood. The

desiccant material canbe calcium sulfate, clay, silica, calcium

chloride or other desiccant materials that absorb water vapor.

The desiccant material can be added as a powder and distrib-

uted on the wood, or can be added as removable blocks or

bags of material. The desiccant material can be interleaved

with the wood to maximize exposure of the wood to the

desiccant. The desiccant material will tend to increase the rate

of insect dehydration. Preferably, the desiccant material can

be replaced or recycled with each batch of processed wood.

FIG. 3 illustrates another aspect ofthe present invention in

which dry gas 30 (e.g. dry air, dry nitrogen, or dry carbon

dioxide) is flowed into the vacuum container. The dry gas will

tend to increase the rate ofwater vapor removal, and therefore

increase the rate of insect dehydration. The dry gas 30 can be

flowed into the vacuum container while the vacuum pump is

operating, or can be flowed in during periods while the

vacuum pump is off. The dry gas can be flowed continuously

or intermittently. The dry gas 30 will tend to decrease the

amount of time required to dehydrate and kill insect pests in
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the wood 24. The dry gas can have a relative humidity of less

than 5%, 10% or 20%, for example. Most generally, the dry

gas should have a relative humidity less than the relative

humidity of the gas within the vacuum chamber.

In another aspect ofthe present invention illustrated in FIG.

4, the wood is disposed within a vacuum container having a

rigid plate 40. A flexible sheet 42 (e.g. comprising rubber,

polyvinyl chloride (PVC), mylar or other impermeable, flex-

ible plastic material) covers the wood 24 and is sealed around

the edges 44. The vacuumpump 20 and heat source 28 are not

shown. The rigid plate 40 is preferably made of a thermally

conductive, impermeable material such as steel or aluminum.

In operation, the flexible sheet presses the wood against the

rigid plate 40. The rigid plate tends to improve heat conduc-

tion into the wood 24. This aspect of the present invention

demonstrates that the vacuum container is not necessarily a

flexible bag. The vacuum container of the present invention

can have a single flexible wall.

Preferably, the wood 24 is oriented within the vacuum

container so that a surface cut across wood fibers (e. g. surface

cut perpendicular to the wood fibers) is disposed adjacent to

where vacuum is applied. In other words, the wood is dis-

posed so that the vacuum port is adjacent to the cut wood

fibers. Orienting the wood in this way facilitates dehydration

of insects within the wood, because wood typically has a

much greater (e. g. 10,000-25,000 times greater) permeability

in the direction of the wood fibers. However, it is noted that

the present invention includes embodiments where the wood

has any orientation with respect to the vacuum port.

It is within the scope ofthe present invention and appended

claims for the wood to be ‘heated’ simply by placing the

vacuum container and wood in an environment at room tem-

perature. For example, the vacuum container andwood can be

located in a warehouse, building or outside at a temperature of

15-30 degrees Celsius. The surrounding air will tend to heat

the wood by conduction through the vacuum container (e.g.

flexible wall), and thereby maintain the temperature of the

wood and reasonably high rate of dehydration of the insect

pests.

Also, it is noted that the present vacuum treatment method

can be used at or below freezing temperatures (0 degrees

Celsius). Often, lumber cut and stored in the wintertime is

frozen (and possibly covered with ice) and must be treated to

destroy insect pests. The present invention is applicable in

such situations because insects can be dehydrated even at

freezing temperatures and even if ice is present on the wood.

The time required for adequate dehydration is higher in freez-

ing temperatures, but the present method is reliable for con-

trolling insects provided that the vacuum is applied for a

sufficiently long period of time.

It will be clear to one skilled in the art that the above

embodiment may be altered in many ways without departing

from the scope ofthe invention. Accordingly, the scope ofthe

invention should be determined by the following claims and

their legal equivalents.

What is claimed is:

1 . A method for killing insect pests in wood, comprising the

steps of:

a) measuring an initial moisture content of wood contain-

ing insect pests;

b) disposing said wood in a vacuum-tight container having

a flexible wall;

c) evacuating the container such that the flexible wall

presses against the wood; and

d) performing step c) until the insect pests in the wood are

killed or lose at least 25% oftheir body weight by dehy-

dration, wherein a duration ofperforming said evacuat-
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ing step is based on said initial moisture content mea-

sured in said measuring step.

2. The method of claim 1 wherein said performing step is

performed until the insect pests lose at least 30% oftheir body

weight by dehydration.

3. The method of claim 1 further comprising the step of

heating the wood by conducting heat through the flexible

wall.

4. The method of claim 3, wherein the wood is heated by

thermal contact with a heat source haVing a temperature in the

range of 10-30° Celsius.

10

5. The method of claim 3 wherein the wood is heated by

thermal contact with a heat source haVing a temperature in the

range of 30-55° Celsius.

6. The method of claim 3 wherein the wood is heated by

exposing the container to sunlight.

7. The method of claim 1 further comprising the step of

disposing a desiccant material inside the vacuum-tight con-

tainer.

8. The method of claim 1 further comprising the step of

10 flowing dry gas into the vacuum-tight container.

* * * * *


