
109American Entomologist  •  Volume 52, Number 2

Of all the pests that I have dealt with during 
undergraduate projects, through graduate 
school, and during five years in the pest 

control industry, bed bugs are the ultimate in terms 
of difficulty and intensity of measures needed to 
achieve satisfactory control. This is the first pest I 
have encountered for which nonchemical methods 
are not just an option or substitute for chemical 
control, but a necessary and mandatory first step 
for reducing and controlling infestations. When 
providing control recommendations against bed 
bugs, nonchemical measures should be foremost 
in the list of required practices, and chemical 
measures should be used only as a remedial (or 
second-line) measure. As I summarize my experi-
ences with current nonchemical measures, keep 
in mind that supportive research in this area is 
modest to nonexistent. To date, the development 
of control measures against bed bugs has been 
a matter of trial and error, in which a decrease 
in control failures (and therefore fewer re-treat-
ments) has been the sole measure of the success 
of the strategy. 

Several of the nonchemical methods currently 
used against bed bugs are proper and thorough 
inspections, vacuuming, steaming, isolation and 
cleaning of infested garments, thermal treatments, 
and use of mattress covers. In addition, a few cre-
ative measures have been tried or suggested, the 
merits of which have yet to be rigorously evalu-
ated. A quick summary of nonchemical measures 
may be useful.

Proper and Thorough Inspections
When a bed bug infestation is suspected, a thor-

ough inspection is required. There will be one or 
more primary infestation sites associated with loca-
tions where people rest, sleep, or sit for extended 
periods. Inspections must be performed intensively, 
as bed bugs are extremely flat and small (1/16” 
to 3/8”, or 6–8 mm, long). Some idea of the tight 
places bed bugs can fit into puts the problem into 
perspective: they have been found along picture 
frames, between the glass and frame itself, and they 
have been found in the stitch holes of mattresses. 
Inspections not only have to be thorough, but also 
very methodical, starting with the identified resting 
sites of the person(s) and moving out to adjacent 
areas. All bed components and furniture should 
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be dismantled to the point that cracks and crevices 
can be adequately inspected to the level of detail 
previously indicated. 

Besides dismantling furnishings, inspection and 
control also requires the moving and temporary 
relocation of furniture, equipment, and other 
items. An efficient work plan for determining how 
the room will be treated should be followed so 
that items are moved only once. Although saving 
considerable time and effort, nonchemical means 
do not provide residual control, and there is a risk 
of reinfestation if treated items are placed back 
in the infested area. To begin control measures, a 
“clean area” is set up. This is an area that initially 
receives nonchemical and chemical controls and 
becomes the site where all items receiving further 
treatments are placed. As the clean area fills up, 
adjacent sections of the room will become available 
for treatment, and the clean area can be expanded 
to provide more room for treated items. Depending 
on the room and its contents, expanding the clean 
area 2–3 times usually provides enough space for 
everything that is treated. 

Vacuuming
Using a vacuum during inspections and control 

efforts helps to quickly capture and contain any 
bugs that are found. The vacuum must be fitted 
with a collection bag so that it can be treated with 
diatomaceous earth (labeled for crawling insects), 
sealed, and discarded. The vacuum does not cap-
ture all bugs, but it does pick up those that are 
exposed or that may otherwise escape or collect 
on the technicians’ clothing.

Steaming
Steaming is a very effective method of killing 

bed bugs at all stages of their development. Applied 
correctly, steam will kill bugs on the surface as 
well as those hidden inside stitch seams. However, 
steaming is very labor-intensive and can consume 
most of the time spent on control. There are some 
key points to follow if steaming is to be successful. 
First, using a commercial unit (water volume, ~4 L) 
will reduce the need to stop operations for refilling. 
Second, a unit that has a steam volume control is 
preferable because “dry” steam will reduce the dry-
ing time, yet provide the flexibility to use different 
attachments that require different types of steam 
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use of mattress covers has been perceived by many 
in the pest control industry as a method to further 
reduce any (negligible) risks of pesticide/human 
exposure and to avoid liability associated with 
insecticide applications to the mattress. 

Creative Measures
The principal control measure that seems to 

be continually reinvented or reintroduced is the 
use of modified atmospheres, particularly carbon 
dioxide. Although the use of modified atmospheres 
may be effective if held for the appropriate time 
and at the correct concentrations, practical appli-
cation issues must be considered because effective 
rates have yet to be established. Some creative 
methods for applying CO2 include the use of fire 
extinguishers, which give an exposure to CO2 
and a brief cooling. However, the exposure pa-
rameters fall short of the conditions necessary for 
adequate kill. Another unusual method using CO2 

was that applied by a frustrated homeowner who 
“fumigated” his house with a tanker load of CO2. 

However, he was not successful because a critical 
CO2 exposure was not attained. Clearly, modified 
atmospheres may be useful in controlling bed bugs 
in certain situations, but this method will require 
careful research.

A physical, nonchemical control measure is 
the use of a stiff brush to scrub the mattress. This 
method is of historical origin. Although there is 
little doubt that this will kill exposed bed bugs, 
there are questions about the overall efficacy and 
the ability to reach those bugs concealed in the 
mattress seams, stitch holes, and other cracks and 
crevices. In fact, depending on the bristle length, 
the brush may actually “flick” bugs off the mat-
tress surface and mechanically disperse the bugs 
to other areas. Also, with repeated brushing of 
the mattress, the fabric may abrade, resulting in 
additional harborage areas. The use of vacuum-
ing, steaming, and mattress covers would appear 
to be more effective for controlling bed bugs and 
less labor-intensive. 

Summary
Although other nonchemical control methods 

have not been mentioned and could be considered, 
the measures discussed here are important for an 
effective and efficient program against bed bugs. 
Again, if used alone, these nonchemical treatments 
do not provide adequate control of infestations. 
However, using only insecticides also presents 
problems. Nonchemical control is an important 
component of any successful bed bug management 
program.
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tension and research responsibilities pertaining to 
bed bugs, other structural pests, and pests of food 
processing facilities. Prior to this position, he spent 
5 years as a Technical Director in a pest control 
company where he gained considerable experience 
in control and behavior of bed bugs.              

flows. Third, the use of an upholstery attachment 
increases the area being steamed and allows for 
faster treatment coverage of the item. Fourth, a 
noncontact (infrared) thermometer must be used 
to monitor progress and ensure that the target 
temperature is reached. I typically prescribe a target 
temperature of 80 ºC, but a lower temperature may 
be required for materials that could be damaged 
at this temperature.

Isolating and Cleaning Infested Garments 
Clothing and linens can be washed and dried 

to remove infestations. They should be contained 
in sealed plastic bags until they can be washed. 
Washing and drying should be done at as high a 
temperature as possible, but temperatures should 
be limited to the fabric rating (check each label). As 
with steam temperatures, there is little information 
available about the optimum conditions required to 
kill all stages of bed bugs. However, field experience 
indicates that relatively mild temperatures might 
suffice. Dry cleaning may be required for articles 
that cannot be washed; however, there may be some 
problems with bringing infested articles to a dry 
cleaning establishment, in which case the use of a 
clothes drier is recommended.

Thermal Treatments
Bed bugs can be controlled by dry heat or by 

freezing if infested articles can be isolated and 
contained so that bed bugs cannot escape. The key 
points of thermal treatments are to ensure that bugs 
are exposed to a lethal temperature for a specified 
time and to consider the insulative qualities of the 
infested item. Some temperatures may damage 
certain articles, so careful monitoring of the surface 
and core (or inside) temperatures is very important. 
It is essential that the critical temperatures are 
reached at the core of the infested item.

Currently, research is being conducted to deter-
mine the most effective thermal conditions that kill 
bed bugs but do not damage materials. However, 
based on related research, a2-h core exposure at 
120 ºF (45 ºC) should be considered a minimum 
target temperature for heat treatments. For freez-
ing conditions, a minimum of 23 ºF (–5 ºC) must 
be maintained for at least 5 d. As the temperature 
is decreased, the time of exposure is reduced. If 
the articles are to be “flash-frozen,” resulting in 
a very short time of exposure, the target tempera-
ture should be –15 ºF (–26 ºC); equivalent to the 
supercooling point of the eggs.

Use of Mattress Covers
Mattress covers are recommended for sleep-

ing areas that prone to chronic infestations. They 
prevent bed bugs from hiding in the complex 
habitat provided by the bed and simplify control 
measures. If an infestation occurs, mattress covers 
can be replaced and the infested covers laundered 
for reuse. If insecticides are applied (per label) to 
the mattress, the covers can be used to contain 
this application and provide an additional barrier 
between the treated mattress and the person. The 
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