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DIFFERENTIAL CONSEQUENCES OF BIOLOGICAL SYSTEM 
EXPOSURE TO PULSED- ANO CONTINUOUS-WAVE 

ELECTROMAGNETIC FIELDS 

This paper discusses the engineering and biological aspects 
of a study that involved exposing BALB/c female mice between the 
ages of 10 and 14 weeks to pulsed- and continuous-wave 
electromagnetic environ~ents at frequencies of 432 MHz and 2450 
MHz. The following three modulations were used at each 
frequency: 

• Continuous-wave, 

• Pulsed-wave with a pulse width of 120 microseconds and 
a pulse rate of 400 Hz, and 

• Pulsed-wave with a pulse width of 12 microseconds and 
a pulse rate of 4000 Hz. 

Power densities were 0.8 mW/cm2 and 2.14 mW/cm2 , respectively, 
for the 432 MHz and 2450 MHz environments. A Compact Range was 
used as an exposure facility because of its ability to provide a 
planar wave with a near-uniform amplitude distribution over an 
area large enough to position 12 mice without detectable 
intercage scattering. Special cages made· of Plexiglas and 
Styrofoam were designed, evaluated, and then used to house the 
mice during radiation. A total of 366 irradiant and control 
mice were used during the study. Two different exposure 
schedules, each providing 60 hours of radiation were used. 
Analytical dosimetry techniques were verified by experimental 
studies. The assay system consisted of a highly ~uantitative, 
in-vitro liquid assay of granulopoietic stem cells. 

At the conclusion of the study, it was· concluded that no 
detectable bioeffects exist in the granulopoietic system of mice 
exposed to pulsed- and continuous-wave radiation at frequencies 
of 432 MHz and 2450 MHz. Results supporting this conclusion 
will be presented as a function of modulation, frequency, and. 
exposure schedule for the various biological p~rameters. 

The study reported in this paper was supported by USAFSAM 
Contract No. F33615-77-C-0619. 
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From conception until death, biological systems are exposed 
to an electromagnetic environment composed of radiated energy 
contributed by a variety of atmospheric and man-made sources. 
This energy is invisible, odorless, silent, and, under certain 
conditions, it can adversely affect the functioning of 
biological systems. Over the past several decades, the 
complexity of this environment has dramatically increased 
because of the proliferation of electrical and electronic 
devices capable of generating radiated energy. As a result, it 
has been necessary to dev.ote increasingly larger amounts of 
research effort to understanding the magnitude and nature of 
effects that occur when biological systems are exposed to 
.electromagnetic fields. 

The research effort described in this paper was undertaken 
for the purpose of determining whether pulsed- and continuous
wave electromagnetic fields of the same average power density 
would induce differential effects in biological systems. 
Concern with the possibility of such differential effects grew 
out of a hypothesis that the rapid rise- and fall-times 
associated with pulse modulations could induce cellular-level 
forces and/or stresses that would not exist for sinusoidal 
modulations. There was special concern with whether such forces 
or stresses (if they were shown to exist) could alter the growth 
and differentiation of embryonic cells. To investigate this 
hypothesis, an experimental study was designed in which the 
granulopoietic system of BALB/c mice would serve as a biological 
~ndpoint sensitive to the effects of pulsed- and continuous-wave 
electromagnetic fields. The 366 experimental and control mice 
were of the female sex, weighed an average of 21 grams, and were 
between 10 and 14 weeks of age. During radiation exposure, the 
irradiants were housed in specially-designed cages made of 
Plexiglas and Styrofoam. The purpose of the special cage design 
was to m1n1m1ze interaction with the exposure .field while 
providing adequate lighting, ventilation, feeding, watering, and 
sanitation provisions. A Compact Range was used to generate the 
exposure field because of its ability to provide an approximate 
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plane wave with a near-uniform amplitude at two different 
frequencies under both pulsed- and continuous-wave conditions. 
Also, this exposure field could be generated over a large area 
in a region near the aperture of a. full or cut paraboloidal 
reflector. A Styrofoam structure was designed and built to 
support the caged mice in the exposure field during radiation. 
Pilot studies were conducted to characterize the phase and 
amplitude of the exposure field over the area of the Styrofoam 
support structure. These studies showed that 12 caged mice 
could be positioned over a six foot by six foot exposure area on 
the support structure with no detectable intercage scattering of 
the radiation field. Test frequencies of 432 MHz and 2450 MHz 
were selected because of their use in civilian and military 
radar systems and in industrial, scientific, and medical 
applications, respectively. The following three modulations 
were used at each of the two frequencies: 

o Continuous wave, 
o Pulsed wave with a pulse width of 120 microseconds and 

a pulse rate of 400 Hz, and 
o Pulsed wave with a pulsed width of 12 microseconds and 

a pulse rate of 4000 Hz. 

Two different exposure schedules, each providing a total of 60 
hours of radiation, were used. These schedules were 2 hours 
daily for 30 consecutive days and 12 hours daily for 5 
consecutive days. Power dens~ties at the 4322MHz and 2450-MHz 
frequencies were 0.8 mW/cm and 2.14 mW/cm, respectively. 
Dosimetry determinations were made both experimentally and 
analytically. The experimental determinations involved measure
ments of rectal temperature during exposure using a thermistor
based thermometry system. Analytical dosimetry determinations 
consisted of computations using existing computer codes for 
homogeneous and heterogeneous mouse-shaped models. Stem cells 
of the granulopoietic system were examined using a highly 
quantitative, in-vitro, liquid assay of selected biological 
parameters. These parameters were body weight, peripheral blood 
white blood cells, peripheral blood absolute granulocytes, bone 
marrow cells per femur, and colony forming cells measured in 
both agar and liquid chamber systems. For each mouse, three 
separate samples of peripheral white blood cells and bone marrow 
were collected and counted. An average count was then obtained 
by pooling the results of the individual counts for each mouse. 
These average counts for individual mice were then combined with 
comparable counts from other experimental or control mice, with 
the overall result being an averaged value of the average values 
of whit-e blood cell and bone marrow counts. The student t-test 
was then used to analyze the averaged values for experimental 
mice relative to the averaged values for control mice for each 
exposure condition. This permitted any significant differences 
between data for experimental and control mice to be identified. 

Results of these studies will ~e presented as a function of 
modulation, frequency, and exposure schedule. No effect on 
granulopbietic stem cells was detected as a resul~ of any of the 
exposure conditions. 


