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The TPE process uses large gas space heaters that blow heated air inlo a struc-

ture to raise and maintain the ambient temperature of the structure.

any urban pest management researchers are
currentdv working on aliernative methods (hat
could reduce the need tor repeated pesticide
applications in the urban environment. One
promising technique is thermal pest eradica-
tion {TPE). In Haswail. rescarch elforts are heing direcied
at TPE 1o ensure that it is both a sale and eflective alier-
native Lo conventional pesticide reatments. Our rescarch

has uncovered some interesting aspects of this process.

How TPE Works

TPE is an urban pest managemient ool that uses heal to
control arthropod pests. Aside fram the use of heat for
stored-product pests, the primary targets at this time are
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structmeal pests, particularly divwood termites. The
premise of TPE is based on research conducted by D
Walter Ebaling (1994), who arrived al the general forma-
la ol 120 degrees Fahrenbcit [or 30 minutes, This ¢combi-
nation of temperature and time is reportedly lethal o
almost all insect life, including wermites, and is said 10
include a reasonable margin of salew: To achieve this,
the TPE process uses large 2as space heaters (hal blow
heated air into a struciure o raise and maintain the
ambien tempeeature of the siucture between 130 and
170 degrees Fahrenheit for a peviod necessary to reach
the supmested formula in the infested wood. TPE is tvpi-
cally done in a spat treatment fashion, in which the
extent ol the divwood termite infestation is first deter-
mined and then heat applied (o the arcas that actually




contain the infestation. This is unlike furmnigation, which
requires the whole structure w be covered., In Hawail,
where the tropical conditions ave similar (o those of
Florida, a tvpical TPE scenario would involve heat being
applied to those rooms of a home where evidence of diy-
wood infestation exisls,

TPE has a number of selling poinis over the existing
drawond termite management techniques of fumigation
and chemical spot treatments. Like spot treatments, it is
cheaper than tenting an entire structure for fumigation.
At the same time, it is effective over a larger area than
chemical spot treatments. TPE is also comparatively
yuick. Unlike fumigation, it can be done in a single day
and the homeowner can return Lo the home almost
immediately after the treatment, without any aeration
period. Witl the public clienicle concerned about pesti-
cide use, one ol TPES areatest selling points is the fact
that it is “environmentally friendly,” there are no pesti-
cides or woxic chemicals used.

Conducted Research

The research that supports TPE used combinations of
time and temporature 1o gssess insecl mortality, Forbes
and Eheling (1987) placed insecis into ovens at constant
temperatures, kept them there [ar specific periods of
vme andd then evaluated mortalio.

Our research is directed toward cvaluating the use of

TPE in the state of Hawaii. Ininally, experiments were
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Unlike fumigation, TPE is typically done in a spot-treatment fashion and does not require that the

designed to clearly deline the temperature monrtality of
the West Indian divwood termite (Cryprozeriiies brevis),
the principal drywood termite pest in Hawaii. Groups of
late instar nymphs were placed inan oven at various
temperatures for specific time intervals, and mortalin
ws assessed at 24 hours following removal from the
ovens, Our results closely resembled those veported by
Forbes and Ebeling (1987). Funther research, howeven
produced mortality values that caused some initial con-
cerns aboul the potential of TPE.

Factors Affecting Efficacy

Our examination ol the entomology literature indicated
that most temperature mortality results were reported in
the form of critical thermal maxima (CTMax) or upper
lethal Jimits (CLL) {(Sponsler and Appel 1991} These val-
ues were pencrated ina process where the test insects
were subjected to a specilic temperature rete of increase,
as opposad 1o a specific constant temperaline 18 was
reperted in the publications used to support TPE. In
these CTMax/ULL experiments, termites wore placed in
test chambers at given ambient "room” temperatures (80
to 86 deerees Fahrenheit), which were then raised al a
given rate {usually 1.8 degrees Fahrenheit per minute)
until cessation of movement {torpor) was achieved. Aher
the remperature was noted, the insects were removed
fram the chamber and kept at room temperature until
continued on pags 26

whole structure be covered.
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mortality was later assessed, The highest temperature at
which termites recoverced was termed a "CTMax” and the
lowest temperature at which death occurred was termed
a"ULL.”

Initial attempts 1o duplicate these experiments with C.
brevis generated some extremely high valucs. In prelimi-
nary experiments, complete recovery of C Brevis nvmiphs
that had been exposed to temperatures in excess of 129
degrees Fahrenheit was observed, and, in one particular
instance, o a lemperature of 142 deerces Fahrenheit at a
e of 2,16 degrees Fahrenheil per minute (starting tem-
perature was 86 degrees Fahrenheit). Further review of
the litevarure revealed that rate is an extremely important
factor in heat stress mortality, Pioneering research con-
ducted on cold-blooded vertebrates such as fish and
lizavds indicated that an imricate relationship exists
between body temperature and the temperature of the
environment (Frv 1967). Unlike maimmals, many celd-
bluoded organisms (insccts included) are at the merey of
hizhly virdable environments and, thus, have various
adaptations for dealing witl the ever-changing tempera-
e extremes. These adaptations are manifested over dif-
feremt time scales. I climatic temperature increases over
a developmental period of months or vears, a given
insect may gradually acquire the abilite to wlerate
ercater and greater extremes ol temperature. This ix
termed “acclimatization.” Likewise, over smaller tirme
scales of davs, hours ar minutes, insccts may also be able
Lo overcome emperature stresses. This short-term
adjustment is termed "acclimation.”

At rapid rates of temperature increase, it is assumed
that insects canuol accimate fast enough to overcome
the heat stress and will dic at a lower temperatre than it

the temperature was raised very gradually. Slower rates
would allow them enough time 1o make physiological
adjustments, Likewise, in a temperature mortality experi-
ment, where temperature is changed inslanlaneoush=
{(from room wemperature to the given treatment tempetu-
ture), one cant assume thar test insects bave hule or no
oppoertunity 1o adjust and, thas, will die at lowcer iemper-
alures than i given a warm-up period—as would be the
case during CTMax mortalitv experiments ora real TPE
session, Our research at the present time is focused on
characteriving the rates of lemperature increase present
during actual TPE procedures and how these rates may
atfect the West Indian divwood termite.

Rates in the Field

To examine TPE temperature increase rates. we collabo-
rated with Certified Pest Control and Tumigation Inc.,
the enly company currentiv doing structural TPE treat-
ments in Hawaii. For the pest control crew, u tvpical TPL
session involves analvzing how the treatment will be
applied o the aflected area, covering possible sources of
heat loss and other lactors, while our work invalves
choosing sites in the structure 1o place several tempera-
ture thermistor probes, devices made [rom solid semi-
conductor malterials. The prebes ave placed in locations
that are likely to demonstrate the areatest extremes in
temperature, Wood core probes mav be placed in the
lurgest and smallest wooden members, at the highest and
lowest levels in the treatment area or in locations that
border untreated areas. One or lwo probes are reserved
[or ambient readings in worst-case areas o1 those areas
bound 10 experience the lowest temperatures,
Temperature data collected during TPE sessions on
the Big Islaud ol Hawaii indicated a great deal of vani-
ability among the vavious thermistor
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probes in the structures. Caleulated
rates of temperalure increase wore
also highlv variable, and ranged from
0.16 degrees Fahirenheit per minute in
a six-inch by six-inch beam o 1.9
degrees Fahrenheil per minute for a
two-inch by fown=inch stuel.

Required Temperatures

In the libeoratory, wemperature mortal-
iy experiments are still in progress.
The upper lethal hmit {ULLY of € bre-
vis nvmphs has been caleudated 1o be

Temperature
degrees C (F)

135,53 degrees Fahvenlicil at a temper-
alure rate increase of 1.08 degrees
Fahrenheit per minute. Of particular

interest at this point are the upper

Mortality of Incisitermes immigrans nymphs placed in an oven al constant tempera-

tures aover various time intervals.
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lethal imits at slower rates, which are
those rates that could allow termites



to acclimate and, 1hus, possibly sur-

vive the susgested treamment formula 189 77— = ol by B Festi |
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length of time atwhich the final tem- Time (min)

perature is held, However, our

rescarch has shown that the marein of  Temperature data collected in Kailua-Kona, Hawaii, during a thermal pest eradica-

salety may not be as preat as was ini- tion procedure.

tiallv assumeaed from early mortality studies. We are con- ez, s SR
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