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ever, the rate would most probably decrease because the effects of the

parasympathetic system are stronger than those of the sympathetic.
We hypothesize that the microwave power is stimulating the nerve

remnants and/or the boutons te~mitiaux causing the release of trans-

mitter which induces the decrease in heart rate. Furthermore, at
100-mW total power, theincrease in temperature of theheart is not

enough to cause an increase in heart rate equal to the decrease
caused bythe above described system, while at 300-mW total power,
theincrease inratedue to the microwave heating isgreater than the
decrease due to transmitter release. This is consistent with tachy-

cardia induced by 300-mW total power.

Further evidence to check this hypothesis could be obtained by

blocklng the transmitter action and measuring the change in rate.
The parasympathetic system can be blocked by the addition of

atropine to the Ringer’s solution, and if the hypothesis were correct,
100-mW microwave irradiation in the presence of atropine should

cause an increase in heart rate, rather than a decrease. Preliminary

experiments indicate that this does happen. We have also tried to

block the sympathetic system with inderal (propranolol hydro-
chloride) to see if microwave power would cause a further decrease
in rate, but this preparation is not an entirely suitable blocklng
agent. At present, we have no explanation of how the microwave
power might be stimulating the nerves and/or buotons, but we
intend to pursue this question along with many others that have been

raised by our experimental results.
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Microwave Effects on Thermoluminescence and

Thermally Stimulated Exoelectron Emission

DONALD R. ELLE, DANIEL J. FEHRINGER, RICHARD
J. VETTER, AND PAUL L. ZIEMER

.4b.stracf-In a pilot study to determine phosphor response after
microwave exposure, a reduction in the expected amount of light
emitted during thermoluminescent (TL) analysis was observed after
exposure to microwave radiation of a phosphor preirradiated with
cobalt-60 gamma radiation. Investigation of the thermoluminescent
response of some high dielectric-constant materials after microwave
exposure revealed the fading phenomenon in the powdered and
ceramic states of the phosphors.

I. INTRODUCTION

Critical reviews of the literature on the hazards and biological
effects of microwave radiation reveal the limitations and inadequacy
of much of the work performed thus far [1 ], [2 ]. One of the most im-
portant limitations is the lack of adequate dosimetric methodology
for determining power density or absorbed energy in or around a
biological specimen or tissue equivalent medium. The use of a reduc-

tion in thermoluminescent (TL) response (fading) from a preirradi-
ated phosphor as a result of exposure to microwave radiation as a
method of microwave dosimetry has been suggested in a report by
Conover, but studies using a well-known phosphor have yielded no

such reduction [3].
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Thermoluminescence use in personnel radiation dosimetry was

initiated by Daniels [4]. Since then the literature concerning the

theory, development, and use of thermoluminescence has become

very comprehensive. Briefly, the TL process can be depicted in terms

of crystal lattice defects. The interaction of ionizing radiation with
the crystal causes electrons to be raised from the valence band to the
conduction band where the electron wanders until it falls into an

electron trap. When the crystal is heated, the trapped electron is
raised back to the conduction band where it wanders and falls back

to the valence band emitting a quantity of light. The amount of light
emitted by the crystal is proportional to the radiation dose received

by the crystal.
More recently, a similar phenomenon called thermally stimulated

exoelectron emission (TSEE) has been suggested as a radiation
dosimeter [5]. In the TSEE process, trapped electrons are raised to

the conduction band and emitted from the surface of the crystal.
The number of electrons emitted is proportional to the radiation dose

received by the crystal.

This short paper describes studies involving the use of powdered

and ceramic phosphors, some with high dielectric constants and loss
factors, which were used to evaluate TL and TSEE fading after ex-

posure to microwave radiation. When correlated with microwave
exposure in terms of energy density, the amount of fading or loss in
TL response may provide a method for microwave dosimetry.

II. MATERIALS AND METHODS

The powder phosphors used for evaluating TL response were
BaTiO,, activated with dysprosium, and a mixture of BaTiO, and

SrTi03 in a ratio of 8:2 by weight [( BaO.&-O.a)TiO, ]. Ceramic phos-

phors were prepared using an organic binder (methyl cellulose) mixed

with these powdered phosphors and firing them for 3 h at 1385”C.
The phosphors used for determining TSEE response were CaFz,
BaSO,, BaTIO,, and (BaO,&O Z)TIO,. These phosphors were studied

in the pure state and mixed with 25 percent by weight graphite

powder. The TL and TSEE properties of these phosphors had been
determined previously [6], [7].

Annealed TL and TSEE phosphor samples, placed in paper en-
velopes or polyethylene vials, respectively, were irradiated with
105 R of 80C0 gamma radiation and then exposed to microwave radia-

tion in an anechoic chamber, 305 x244x213 cm high, with a –40-dB

quiet zone. An exhaust fan was located in the ceiling near the back

wall to maintain room temperature. A pyramidal horn connected a
1.5-kW 2450-MHz generator to the chamber. The power level was

determined with a directional coupler and Hewlett-Packard 432A

power meter, and power density was monitored with a Narda 8110
electromagnetic radiation monitor. The TL phosphors were exposed
to power densities ranging from 200 to about 5000 mW/cm2 in the

anechoic chamber while the TSEE phosphors were exposed to 200
m W/cmz in the anechoic chamber and to about 7,4X104 mW/cmz in
a microwave oven. Phosphors were exposed for 5–40 min in the an-
echoic chamber and for 1 min in the microwave oven. After the

longest microwave exposure, all samples including controls were
placed on dry ice until analyzed. Phosphor TL and TSEE response

were determined with readers designed and built at Purdue Univer-
sity [8], [9] and were expressed as glow peak height.

III. RESULTS

A statistically significant (P <0.05) reduction in TL response was
observed in the (BaO. &ri).Z)TiOd phosphor only (Fig. 1). Fading in-
creased with time of microwave exposure and was therefore de-
pendent on the energy fluence at the surface of the phosphor. No
reduction in TSEE response was seen in any of the phosphors exposed
in the anechoic chamber, but a reduction of up to 80 percent was

observed in the phosphors containing graphite when exposed in the
microwave oven.

When measurements were made on the temperature of the
(Ba, &-”., )TiO, phosphor during microwave exposure, an increase

over the ambient temperature level was noted. This is important to
consider since the increased temperature may be the cause of the
fading. To examine this possibility, a temperature-fading study was

performed using a drying oven as the heat source. The maximum
temperature reached by the phosphors during microwave exposure
was determined to be 28° C, as measured with a thermocouple; there-
fore, the fading study was carried out at this temperature. Phosphors
were heated for times equal to the microwave exposures. The results
indicated an enhanced fading over that of the room temperature
(22”C) fading, as expected by the theoretical explanation of thermo-
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Fig. 1. Effect of microwaves on TL response of powder and ceramic phosphors.
Error bars are not shown, hut standard error of the mean averaged 0.068.
( O— O). (Bau.,Sro.z)TiO, stored at room temperature: ( ● — ● ), (Bao, &o J TiOt
stored at elevated temperature; ( ❑— ❑ ), (Ba~. @ro.z)TiOa powder exposed to
200 mW/cm~; ( ~~). (BaO. &0,JTi02 powder exposed to approximately 5000
mW/cmi, ( A— A), BaTiO~ ceramic, ( A— A), (Bao &O .JTiOt ceramic. Results
of tlhe microwave exposures were normalized to the control to obtain fraction of
initial response (no microwave wmosure). Rewlts of the elevated (28”C) ex.
Posure were not normalized in order to compare them directly with’ a control
(22”C). In the latter comparison the zero time is a phosphor sample stored on
dry ice and receiving no exposure to room temperature or to elevated temperature,

luminescence. However, the fading observed at 28°C was signifi-

cantly (P <0.05) less than the fading observed after microwave ex-

posure (Fig. 1). Since an increase in phosphor temperature alone did
not account for all the fading, a significant amount of the fading in
(Bao.&O.z)TIO, after microwave exposure may have been due to a

nonthermal or “ microthermal” interaction.

The polyethylene vials containing the TSEE phosphors began to

melt after 1 min of microwave oven exposure suggesting a phosphor
temperature of 60-70”C. No temperature fading study was con-

ducted, and it was concluded that the fading seen was strictly

thermal.

From a practical point of view, the use of a ceramic and the fading

effects seen in the ceramic are of more interest than use of the

powdered materials. This interest is due to several reasons, the most
significant} of which are the more exact knowledge of dielectric prop-

erties of the ceramic versus that of powder, and larger values of
dielectric constant and loss tangent for the ceramic than the powder.
Furthermore, a solid piece is more easily handled than a quantity of
loose powder and can be formed in a specific shape before firing. The
ceramics were produced from the activated phosphors of BaT103 con-

taining O, 0.1, and 0.5 mole percent Dy, and the combination powder

(Bad%O.~)TiO,. Preirradiated ceramics showed a marked reduction
in TL response when compared to a control stored at room tempera-

ture (Fig. 1). Because of the difficulty in determining the tempera-

ture of a ceramic during or immediately after microwave exposure, a
higher-than-room-temperature control was not used. However, the
ceramics were not warm to the touch following the microwave ex-

posure.

Ceramic pieces 2 cm or more in length, were placed on a Styro-

foam support in the anechoic chamber after ‘°Co irradiation and

exposed to microwaves in a manner similar to the powder samples.
Accurate determination of the effect of microwave exposure required
multiple readouts of the same ceramic piece. After each readout, the
ceramic was annealed for 30 min at 4000C and cooled to room tem-

perature, then reirradiated with ‘oCO, exposed to microwaves, and
read out. Because a limited number of ceramics was available, only

the high power density of approximately 5000 mW/cm2 was used to
test for TL fading. The reduction in response was energy fluence

dependent; that is, the longer the microwave exposure, the greater
the fading. The Dy-activated BaTiOS ceramics faded at approxi-
mately the same rate as the (BaO. &-O.JTIOl ceramic but for clarity

were not plotted in Fig. 1. Because of the preliminary nature of this
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study, the power density used was admittedly high with respect to

personnel safety considerations. It is suggested that ceramics produc-

tion and phosphor activation be optimized before more reasonable

power densities are used.

IV. CONCLUSIONS

The results of these studies, using both powders and ceramics,

show microwave-induced TL fading to beenergyfluence dependent,

with increasing microwave exposure time resulting in decrea:;ed TL
response. Further, most of the fading observed after microwave ex-

posure is probably due to some interaction other than thermal. A
mechanism of action isnot suggested at this time, but it is suggested
that the fading phenomenon observed in these studies may provide a
method of microwave dosimetry. No microwave-induced fading was

observed in TSEE phosphors except when they were mixed with
graphite and exposed to extremely high power densities. It w,as con-

cluded that the TSEE fading observed was completely thermal in

nature.
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Environmentally Controlled Waveguide

Irradiation Facility

HENRY S. HO, MEMBER, IEEE, EDWARD I. GINNS, AND

CHRISTOPHER L. CHRISTIVIAN, MEMBER, IEEE

Absfracf—Research has shown that the determination of ab-

8orbed microwave energy as well as the control of environmental

parameters are important in relating biological-effect data to, radia-
tion protection. Thlg short paper describes the development of an

environmentally controlled waveguide irradiation facility for the ex-

posure of small animals to 2450-MHz CW microwave energy. In-
tegral do8e rate is determined without perturbing the microwave
field interacting with the irradiated animal.

GLOSSARY

ILI@swe Rate: Incident power density (mW/cmz) of an EM wave.
Integral Dose Rate: Time rate of absorption of EM energy (W) by

the entire biological body.
Integral Dose: Total amount of EM energy (J or cal) absorbed

by the entire biological body.

Average Dose: Integral dose per unit weight of the animal (J/g or
cal /g).

Distributed Dose Rate: Time rate of absorption of microwave energy
per unit mass (W/kg or W/g). It is usuallv nonuniform in biological
bodies even though the incident power density (exposure rate) may
be uniform.
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