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Abstract: Reports have appeared purporting to

show

increases in calcium ffiux.fro* avian brain as a result of
exposure to electromagnetic energ/. Though no hazard for
humans has been ascribed to this effect, these reports are

often cited as evidence

of

dangers

to

human health.

RFR exposed samples. Five power densities were used,
vi2.,0.1,0.5,0.8, 1.0, and 1.5 mWcm2.
Chicks (Gallus domesticus) were delivered to our
laboratory on Mondays, the day they were hatched. They
were maintained on a commercial chick feed and water ad

compared to control brains.

libitum and housed in a brooder.
After decapitation, the brain was rapidly removed and
the forebrain dissected out and divided into the two
hemispheres. The hemispheres were placed in I ml of
physiological medium (155 mM NaCl, 5.6 mM KCl,2.16
mM CaClz,2.4 mM NaHCO3, änd 1l.l mM glucose) in a
4sca2*
glass test tube and 3.5 pCi of
was added. The tissue
was incubated for 30 min at 37o C in a shaking water bath.

INTRODUCTION

The hemispheres were then removed with a glass loop and
gently washed with 5 ml of the medium and placed in

Because of these concerns, we hove attempted to replicate
the original study in our laboratory. Chick brains were
15Ca2n
during a 20-min incubation
excised and loaded with
period. The brains were placed infresh media and exposed
to 147 MHz radiation in a TEM cell. Efrl* o7 a5ca2* was
estimated using liquid scintillation counting. There were

no dffirences in calcium ffiux in the

exposed brains

polypropylene
Since Bawin

et al.

tll

first described the effect of

amplitude-modulated radio frequency radiation (RFR) on
calcium efflux from avian brain tissue, concerns have been

expressed relative to the possible health hazards of
electromagnetic field exposure. Subsequently, Blackman et
al. l2l also described similar results. Because the reported
effects occurred at RFR levels below those for other
biological effects, there has been considerable controversy
surrounding these studies [3, 4). Speculation on the
mechanisms of interaction of low-level RFR has included
ion cyclotron resonance, nonlinear effects in membranes,
and cooperative phenomena inter alia. Because of the
controversial health implications that have been associated
with these studies, we initiated an investigation in an
attempt to confirm the findings.

METHODS

tubes.

Exposures were made using

a

balanced experimental design. At 0830 hrs on the day after

of chicks was made and 4
chicks were decapitated and the brains processed within l0
delivery, a random selection

min.

One hemisphere from each was designated as exposed
and the other hemisphere was designated as sham exposed.
The tubes containing the brain hemispheres were exposed
or sham exposed for 20 min simultaneously. This
procedure was again carried out at 1030 hr and 1230 hr and
repeated on Wednesday, Thursday, and Friday of the same
week; thus chicks of 1-4 days of age were used at 3 time
periods of the day. Twelve replicates of the 5 RFR levels

comprising the exposure regimen were made. Left and
right hemispheres alternated as exposed and sham-exposed
every other replicate. After exposure the brain tissue was

removed from the tube and quickly blotted. A 0.2-ml
45Ca2*
aliquot of the medium was removed and counted for
by liquid scintillation. The brain tissue was digested and
likewise counted.

Exposures were performed in a Narda Model 8891 TEM
cell powered by an MCL model 15122 transmitter. Power
into the cell was held constant within + 3yo. A map of the

electromagnetic fields over the entire volume of the TEM
cell showed uniformity of + l0%o.
Specific absorption rate (SAR) measurements were
made in the chick brain using a Vitek probe located at the
center of brain hemisphere. These measurements showed a
uniform SAR over various positions within the TEM cell
with a value of 0.002 mWg per mW/cm2.
The TEM cell was located in an anechoic chamber with
a constant ambient temperature of 37" C + 0.75" C. A sham

TEM cell was

constructed

that conformed to

the

dimensions of the powered cell and was used to make sham
exposures of the tissue samples simultaneously with the

RESULTS
4sca2+

Mass normalized
effluxes for exposed and sham
exposed brain hemispheres for the 5 power densities are
shown in Table 1.

Table 1: Efflux of 4sca2* from Chick Brain.
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There were no significant differences in a5ca2* efflux
from the RFR exposed hemispheres compared with the
sham exposed for any of the power densities.
The original study by Bawin et al. [] did not show
4sca2*,
rather the data was in the form of
actual levels of
ratios of exposed levels to sham exposed levels. Table 2
4sca2+
efflux to the efflux
shows the ratio of the exposed
from the sham exposed group calculated in the manner used
by Bawin and colleagues [,5].
The ratios are derived from the dpm/g of the individual
radiated brain hemisphere divided by the mean dpm/g of
the sham hemispheres for that power density group. This
manner of calculating normalized data was used in
subsequent papers by Blackman and his colleagues [6,7].
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of effects of microwave

exposure on calcium

t6]
I7l

efflux from brain tissue have had mixed results.

The
studies by Bawin [,5] and her colleagues and those of the
Blackman group [6,7] have shown positive results. On the
other hand other research groups have not been able to

l8l

show effects of exposure

[8,9]. As has been pointed out
previously, the effects of electromagnetic fields on calcium

in

biological systems is not firmly established

[0].

Suggestions have been made to account for the failure to
replicate effects on calcium efflux, such as difference in
incubation media, temperature profiles before and after
exposure, and even differences in local geomagnetic fields

ll ll.

t9l
[0]

The reported positive effects of microwaves on calcium
efflux are often cited as evidence of possible hazards of

exposure. The failure of a number of investigators to
replicate positive findings, including the study reported
here, tends to weaken the argument that the effect could
constitute ahazard to humans.
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