Bioelectromagnetics 18:422 -4

Bioeffects Induced by Exposure to
Microwaves Are Mitigated by
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We have previously demonstrated thet microwuave fields, amplitade modulated (AM) by an exoemely
low-frequency (ELF) sine wave, sen induce a nearly twofold eahancement in the activity of oraithine
decarboxylase (ODC) in L929 ¢ells at SAR levels of the order of 2.5 W/kg. Similar, although less
pranounced, effects were rlso observed from exposure to a typical digital cellniar phone test signal
of the same power level, burst modulated at 50 Hz. We have also shown that ODC enhancement in
1929 cells produced by exposurs to ELF fieids can be inhibited by superpasition of ELF noise. In
the presant stady, we explore the possibility that similar inhibition tcchaiques can be used to suppross
the microwave rosponsc. We concurrently expoeed L929 cells to 60 Hz AM microwave fields or a
50 Hz burst-modulated DAMPS {Digital Advanced Mobile Phane System) digital ecliular phone field
at lcvels known to produce OBIC =ahancement, together with band-limited 30~100 Hz ELF noisc -
with root mcan square amplitude of up to 10 puT. All exposures werc carricd out for 8 h, which was
previously found to yield the peak microwave response. [n both casey, the ODC enhancement wae
found to decreasc cxponentlally as a function of the noise root mean square amplitede. With 60 Hz
AM microwaves, complece inhibition was obuained with noisc levels at or above 2 uT. With the
DAMPS digital ccllular phoae signal, complete inhibition occurred with noise jevels at or above §
HT. These results suggest a possibic practicel means to inhibic biological effects from exposure o
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INTIHODUCTION

A wide range of biological effects from exposure
to microwave fields, both in animals and in vitro, have
been reported in the literature. In-vitto effects have
beer: observed with CW microwaves at specific absorp-
tion rates (SARs) greater than or equal to 10 Wrkg
(Cleary et al., 1990; Krause et al., 1991; Saffer and
Profznno, 1992; Garaj-Vrhovac et al., 1992]. Modu-
late:[ microwaves (either amplitude or pulse) appear to
induce cellular effects at substantially lower SARs (<S
W/l g). Reporied effects in this latter case include
char ges in calcium ion effiux [Bawin et al., (975;
Blackman et al, 1979; Dutta et al., 1984. 1989],
char ges in enzymatic activity [Byus et al., 1984, 1988;
Litcviz et al., 1993), and induction of cellular ransfor-
matons [Balcer-Kubiczek and Harrison, 1985, 1989,
1991: Czerska et al., 1992]. These studies indicale that
mor ulation plays an important role in eliciting biologi-
cal responses with weak microwave fields.

© 1197 Wiley-Liss, Inc.

The role of modulation was also examined in our
laboratory by studying the effects of cxposure with.
modulated microwaves on ornithine decarboxylase
(ODQC) activity in L929 cells. Experimenls were con-

-ducted with microwaves modulated in various ways,

including amplitude modulation, fregiuency modula-
tion. square wave modulation, and enalog and digital
modulation schemes used in celiniar phone communi-
cations [Penafiel et al., 1997]. It was found that ODC
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activity could be enhanced only when the amplitude
ol the carrier was varied periodically at extremely low
fraquencies (ELF). Modulaton methods that did not
change the amplitude of the carrier had little or no
ef’ect on ODC activity. These results corroborate the
prvious findings, cited above, that low frequency am-
plitude modulation is necessary for the induction of
binlogical effects by microwaves. _

The bioeffects resulting from exposure to ampli-
twile-modulated microwaves arec remarkably similar to
those induced by ELF fields both in terms of the magni-
tue of the ODC response and the requirements for
canstancy of field parameters [Litovitz et -al,, 1993;
Penafiel et al., 1997; Byus et al., 1987, 1988]. The
co.stancy condition refers to the requirement that the
ex;wosure field parameters must be constant for some
mitimum time, 1., to obtain the maximom bioeffect
[Li:ovitz et al., 1991, 1993]. The similarities between
theje BELF and microwave results led us to speculate
thai: the superitposition of electromagnetic (EM) nojse
fields, which have been shown to inhibit biological
resaonses due to ELF exposure [Litovitz et al., 1994a,
19¢14b], may also inhibit the effects of modulated mi-
cro'vaves. The purpase of the present study was to
invagtigate this possibility by conducting experimeats
in vihich biological samples were exposed concurrently
to /\M microwaves and ELR noise fields.

MATERIALS AND METHODS

Exgosure System

The exposure system consisted of & microwave
expusure chamber positioned within & Helmholtz coil
inst:lled inside a water jacketed incubator. The incuba-
tor cnvironment, which was air filled, was maintained
at 3. °C. The microwave exposure chamber, a model
CC110-SPEC Crawford cell, was mounted verticelly
on & rotary table and fitted with two access doors to
allow easy loading of the sample flasks. The chamber
was operated with amplitude-modulated microwaves,
usin;; either of two signal sources driving a 10 watt
salid -state amplifier coupled to the Crawford cell with
a da.ble stub tuner. The detailed arrangement of this
exposure system has been previously described in the
litereture {Litovitz et al., 1993].

Exposures were carried out cither with 60 Hz
ampl:tude-modulated 835 MHz microwaves or a digital
cellular microwave signal. The sinusoidally modulated
micre waves were obtained using a Hewlett Packard
signa generator, model 8657B with RF plug-in
8352 :A. and a TENMA model 72-380 function genera-
tor. The digital cellular signal was obtained using 2
Motorola Micro T.A.C. Digital Personal Communica-
tor sct to trapsmit a test pattern in DAMPS (Digital
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Fig. 1. Detail of the exposure chambaer showing the placemant
of the sample flasks within the Crawford cell and the relative
orientation of the flasks with respect to the Helmholtz coils, For
ease of visualization, a saction of the Crawford cell has baen
cut out and the center condtctor is not shown. The samples
are placed on nonconducting shelves located at a height of
approximately 7 cm from the junction between the canter rec-
tangular section of the exposure chamber and the lower tapered
end. {n this expasure arrangament, the microwave electric field
is pesrpandicular ta the direction of microwave propagation,
which is parallal to the long axls of the exposure chambar. The
direction of the ELF magnetic fleld is paralial to the base of the
flasks, 8o that the direction of the induced ELF electric fleld at
the base of the flagks, where the cells ara located, is paraliel to
the directlon of the microwave slactric field. The orientations of
the ELF and microwave elactric fields, Ex, and the ELF magnetic
field, By, are shown In the inset in relation to the position of a
sampte flask.

Advanced Mobile Phone Systemn) mode at approxi-
mately 840 MHz. DAMPS is a transmission protocol
commonly used in the United States for digital cellular
communications. The phone signal was coupled to the
amplifier using a hands-free adaptor.

The Helmholtz coils for ELF magnetic field expo-
sure were built around the Crawford cell with a nominal
coil diameter of 0.46 m and nominal coil separation of
0.23 m. Each coil consisted of 10 turns of 26-gauge
magnet wire wound on a support ring made of hard
plastic tubing. The coils were assembled on a Plexiglas
frame positioned around the Crawford cell as shown
in Fig. 1. This ELF/microwave exposure Sys(em was
designed to allow concurrent exposure to ELF and mi-
crowave fields. Because the Crawford cell is essentially
a sealed metallic enclosure constructed of 0.089 cm
aluminum, the question arises as to whether the ELF
magnetic field reaches the samples inside the Crawford
cell unaltered. Calculation of the attenuation factor due
to eddy current formation of an equivalent cylindrical
structure made of the same material as the Crawford
cell yields a value of the order of 0.08 dB, Therefore,
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the ICrawford cell structure should be 2asentially trans-
pareat to the BLF magaetic field, The ELF noise mag-
net: field was generated using a custom made band-
limied noise generator whose outpul was connected
to the auxiliary input of a 35 watr audio amplifier (Real-
istic model MPA-45; Tandy Corporation, Fort Worth,
TX-. The Helmholtz coils, whose nominal resistance
was of the order of 42, were connected to the-4Q
speiker output of the amplifier.

Four 25 cm? tissue culture flasks were used for
eacl exposure. The flasks, each containing 1.929 cells
in 5 ml of culture medium, were placed as-pairs; end-
to-end, on either side of the center conductor of the
Crawford cell. With this arrangement the base of each
flas:: was perpendicular to the direction of propagation
of the microwave field. Care was alsc taken to align
the Crawford cell with the Helmholtz coils so that the
ELY magnetic field was aligned with the long axis of
the :lasks. The SAR distribution for this configuration
has been previously measured and reported [Litovitz
et al., 1993]. In each pair of flasks placed to one side
of (he center conductor, the SAR peaks in a region
shified towards the center conductor and lacated to-
war:ls the junction between flasks. In the rear flask, the
SAJ. decreases towards the back and side edges to
app:oximately 25% of maximum. In the front flask the
SAY¥. decreases towards the side edges to approximately
25%: of maximum, and towards the front edge to ap-
pro:imately 75% of maximum. Because the configura-
tion .is symmetric about the center conductor, the nomi-
nal 3AR was specified by taking a simple average of
point measurements made on a pair of flasks placed to
one side of the center conductor. The SAR cealibration
for this system, with the SAR calculated in this fashion,
was determined to be 2.5 W/kg per watt of incident
power. All experiments reported here were carried out
at a nominal SAR of 2.5 W/kg. This SAR produced
no measurable temperature increase within the samples
ove. the B-h exposure period used in all runs. The
elec ric field associated with the correspending input
power was of the order of 1 V/cm [correction of our
previous calculation of 0.7 V/cm, Litoviiz et al., 1993].

To ensure a relatively uniform ELF magnetic field
dist-ibution at the sample locations, the Helmholtz coils
wer: positioned so that sample flasks placed in the
Crawford cell were contained within a 12.7-cm cylin-
der-with axis parallel to the axis of the Helmholtz coils.
Coriistent alignment of the sample flasks with respect
to ELF field exposure was ensured by always rotating
the Crawford cell so that the access doors were on
plar =5 parallel to the planes of the Helmholw coils. To
con‘irm the specification of celative uniformity, the
ELT magnetic field was measured in the sample area
of the Crawford cell using a 1.27 cm, 400-tum pick

-up coil. The BLF magnetic field was foond 2o vary in
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this region within less than =2% of the »mmal value,

Measurement and Calibratian of Superimposed
ELF Fields

ELF band-limited noise with nominal bandwidth
between 30 and 100 Hz was used as the superimposed
ELF magnetic field. This field is an AC 814 character-
ized by random amplitude variatiens in time. One
method to obtain & meaningful measure ot such 4 fisld
is by calculating its root mean squere (©ns! arnplitude.
To obtain a repeatable measure, the intwgrauon ume
for the rms calculation must be long enough to produce
a constant value. In the experiments described here,
the noise field level was set up by measuring the rms
value of the noise magnetic field at 8 fixed location
within the uniform magnetic field region ef the Helm-
holtz coils. The applied noise magnetic field was mes-
sured using a 10.2 cm, Z00-turn pick-up coil. Because
the output of such a coil is the dedvative of the mag-
netic field that passes through it, this signal was inte-
grated (using an integrator made by Integrity Design
and Research, Buffalo, NY) to produce the instanta-
neous noise magnetic field. The rms value of the noise
field was determined from the instanteneous magnetic
field using a custom made AC te DC converter with
integration time of approximately 60 s. The integration
time was selected to produce a stable reading of the
rms noise field. The ourput of the AC to DC converter
was calibrated using a 60 Hz magnetic field of known
ammplitude, which was itself calibrated using an IDR-
109 60 Hz Magnetic Field Dosimeter (Integrity Design
and Research, Buffalo, NY).

Amplitude Modulation Procadure

All experiments using 60 Hz amplitude modula-
tion were carried out with 4 modufation index of 0.23.
This value, which was chosen arbitrarily, was calcu-
lated using the relation P, = P.(1 + #%/2), where P,
is the microwave power with modulation, P, is the
microwave power without modulation, and m is the
modufation index. To obtain the nominal SAR of 2.5
Wi/kg the incident power (P,) was set to 1 W.

Digital Modulation Procedure

Experiments with the digital cellular phone mi-
crowaves were conducted using the test mode feature
of the Motorola Micro T.A.C. Personal Digital Com-
municator. While in test mode, the phoae was set to
rransmit coatinuously & pseudorandorn test sequence
in TDMA (Time Division Multiple Access) mede at a
carrier frequency approximately in the middle of
the available range (channel 333, approximately
840 MHz). This signal is transmitted in bursts lasting
approximately 7 ms with a uniform repetition rate of



S0 Hz, corresponding to a duty cycle of approximately
335. To obtain the nominal SAR of 2.5 W/kg, the
inc-dent power was set to I W average. The measured
peuk power corresponding to this average incident
porrer was 3.8 W. Because the duty cycle is 33%, the
value of the peak power indicates that the power Jevel
is not uniform during the on partion of the cycle.

Fiald Exposure Protacol

Each experiment was camied out by placing four
san:ple flasks into the Crawford cell as described
abcve. All exposures were carried out for 8 h. In pre-
viausly reported work, coatrol-samples were placed
out:ide the Crawford cell within the same incnbator.
Thi: placement was not possible with the present ar-
ranzement because the Crawford cell was located
witiin a Helmholtz coil for the purpose of superimpos-
ing the BLF noise field. Therefore, control samples
wer-s run concurrently inside a separate incubator main-
tained at 37 °C. The four control flasks were stacked
one on top of another and covered with a 12.7 cm X
7.6 cm X 8.9 cm mil-annealed mu-metal enclosure.
Bec.ause the enclosure could not be fully sealed against
its l-ase, it was only partially effective as a magnetic
field shield.

“The background ELF fields at the location of the
samles were measured in both the control and the
exprsed incubators using an IDR-109 60 Hz magnetic
field dosimeter, positioped to detect in turn the X, Y,
and Z components of the field. To obtain a worst case
siturtion, all measurcments were made with the incuba-
tor heaters on. All 60 Hz magnetic field components
were below 0.04 pT within the mu-metal enclosure
load:d with the control samples and below 0.16 pT
with:n the Crawford cell at the level of the exposed
sam les.

Cell Culture Preparation

~ Culuwures of the murine L1929 fibroblast cell line
(NCTC clone 929; american Type Culture Collection,
Roclville, MD) were maintained in active growth in
Eagl:’s minimum essential medium supplemented as
previously reported [Litovitz et al., 1991]. Cell cultures
to bi: used for exposures were initiated approximately
20 h before an experiment. Each 25-cm? sample flask
was given approximately 3 X 10° cells in 5 ml of
cultere medium, taken from a stock culture grown o
abou: 70% confluency. These conditions ensured that
the «ells were at mid-log phase at the onset of an
experiment. Before exposure, cells were kept at 37 °C
10 a 95% air, 5% CO, atmosphere by loosening the
caps of the sample flasks. During exposure, the cells
were ‘also maintained at 37 °C but the flasks wete
sealed. Because the nominal exposure time wes 8 b,
the bty-products of cellular growth and reproduction
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were not expected to change the atmosphere in the
sealed flasks significantly.

ODC Assay

Sample preparation for the ODC assay was per-
formed as previously described [Litovitz et al., 1994a].
The cells from each set of four flasks of an exposure
condition were combined into single samples. One
ODC measurement was obtained from each of these
sarnples. ODC activity was determined by minor modi-
fications of the method of Scely and Pegg [1983] as
previously reported {Litoviz et al.,, 1991]. Units of
ODC activity were expressed as pmol '*CO, generated/
30 min/mg protein at 37 °C. This method measures
ODC specific activity by the release of '“CO, from *“C-
labelled l-otnithine. Protein analysis was performed by
the Bjo-Rad modification of the Bradford method using
a Bio-Rad protein test kit. _ '

RESULTS
‘Because ODC is a highly inducible enzyme, jts

.activity can vary significantly between cell samples

prepared at different times. In our hands, variations in
the ODC activity of control samples occurred despite
efforts to assure constant culture parameters. To mini-
mize the effect of these day-to-day variations, the data
were examined by considering concurrent paired obser-
vations of control and exposed conditions. The differ-
ence and the ratio of ODC activities of the exposed
(E) and control (C) samples were computed for each
observation. A standard double-sided paired r test was
used to determine whether each ensemble of N observa-
tions (E — C) and (E/C) of a given exposure condition
was statistically significant. A log transformation was
performed on the ratio data before applying this test.
With this transformation, the observable quantity be-
comes log(E) — log(C). In both cases the statistical
test was formulated to test the null hypothesis, that is,
E — C = 0 or log(E) — log(C) = 0. The stadistical
analysis was carried out using INSTAT, a statistics
program distributed by GraphPad Software, Inc. (San
Diego, CA). :

The data presented in Tables | and 2 and dis-
cussed below, summarize the results for each exposure
condition as a function of the amplitude of the superim-
posed ELF noise. Included in the tables are the mean
differences [mean (E — C) * SD], the mean ratios
(mean (E/C) = SD] and the corresponding P values of
the 1 test [Ps-c &nd Piogwa ). Pie-g is the probability
that the mean of the observed differences (E — C) is
due to chance. Py eq is the probability that the mean
of the observed log-transformed ratios [{og(E/C)] is
due to chance. The magnitude of the standard devia-
tions of the difference data are an indication of the
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TABLE 1. Results of Concurrent Exposures with 835 MHz Microwaves Sinasoldally Amplitade
Modulated (23%) at 60 Hz avd Band-I.imited ELF Noise (30-100 Hz)*

ELF B field

uT) N Mean (£ - Cy Pu-o Mean (E/C) Pugenn
0 2 16.0 = 16.0 <0.0001 1.86 + 0.43 <0.0001
025 6 215 * 63 <0.0004 1.89 = 0.14 <0.0001
a.5 6 29.9 + 79 <0.0002 1.86 = 0.22 <0.0001
1 -6 S1+72 >0.14 1.20 = 0.2¢4 >0.17
2 6 1.6 = 4.7 >0.44 1.04 + Q.14 '>0.44
4 12 2.1 +36 >0.038 1.11 = 0.14 >0.072

*Mean (E — O) is the average difference in ODC eciivitics (pmol “CO; gencrated/30 min/mg protein)
betwesn the N paired exposed (E) and coatrol (C) samples of each exposure condition.. Pg-q ik the
corresponding probability that the observed difference is due to chance. Mean (£/C) is the average
ratio of ODC activities of the N paired exposed and control samples of cach exposure condidon.
Proyien is the comresponding probability that the observed log transformed ratio is due to chance, (Sec

text for further explanation of encrics.)

TAELE 2. Results of Concurrent Exposures with Burst Modulated DAMPS Digital Callular Phone M:crowaves snd Band-Limited

ELF Nalse (30100 Hz)*

ELF 8 field

T N Mecan (E — C) Pi-q Mean (E/C) Prgen
0 10 8.6 & 4.0 <0.0001 1.38 = 0.14 <0.0001
1 6 134 £ 3.7 <0.0003 .25 + 0.05 <0.0001
2 s 8.2 = 8.7 <0.003 121 = 0.17 <0.0004
5 15 35 %43 <0.007 095 = 0.14 >0.10
10 7 03 =63 >0.91 1.00 + 0.11 >0.87

«Colamn headings arc as defined in Table 1.

vari:tbility of the ODC response amongst samples sub-
jectzd to the same condition on different days. Al-
though these fluctuations are large, their effect on the
detc.rmination of P(g_c, is minimized by performing the
¢ teil on paired observations. Alternatively, the day-to-
day ODC fluctuations can be factored out by cornputing
the /C ratio, which normalizes the darta against cotre-
spoding controls. We have previously shown that this
metiic allows reliable comparison amongst experi-
menits with a given exposure condition, even if their
ODZ activities are widely different [Litovitz et al.,
1991]}. Therefere, we use the ratio data for the graphical
pres2ntation of our results (Figs. 2 and 3).

Exrp-osure with Sinusoidal AM Microwaves and
Superimposed ELF Noise

The effect of superimposed ELF noise on the
OD-” response induced by 60 Hz AM 835 MHz micro-
wa\ 25 wis examined as a function of the rms amplitude
of the ELF noise. Experiments were conducted with
nois 2 levels between 0 and 4 uT. The results are shown
in Table 1 and Figure 2. Statistically significant micro-
way 3-induced enhancements of ODC activity were ob-
servzd as long as the noise level was below 0.5 uT.
Whe.n the superimposed ELF noise was above 0.5 uT,

inhibition of the microwave-induced QDC eifects oc-
curred. Figure 2 shows thar the microwave-induced
ODC enhancement decreases monotonically as a func-
tion of the rms amplitude of the ELF noise. It is appar-
ent from theresults shown in Table 1 and Pigure 2
that full inhibition of the QDC effect induced by the
2.5 W/kg microwaves, amplitude modulated at 60 Hz
with modulation index of 23%, can be achieved with
noise fields above approximately 2 pT,

Exposure with a DAMPS Sigaal and
Superimposed ELF Noise

The effect of superimposed ELF noise oa the
ODC response induced by a DAMPS test signal from
a Motorola Micro T.A.C. digital cellular phone was
examined as & function of the rms amplitude of the
ELF noise. Experiments were conducted with ncise
levels between 0 and 10 pT. The results are shown in
Tahle 2 and Figure 3. Statistically significant enhance-
ments of ODC activity were observed with noise levels
of 2 uT and lower. When the noise level was above
2 uT, inhibition of the ODC effect induced by the
DAMPS signal occurred. The enhancement of ODC
activity induced by the DAMPS signal was smaller
than that observed with the 60 Hz sinusoidally ampli-
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TABLE 3. Comparison of the Magnitudes of the Electric Fields
{¥/ma) Induvced by Exteruslly Applled £ uT ELF Mofse and
60 Hz Maguctic Fields, and a 60 Hz AM Microwave Ficld (SAR
= 2.5 W/kg), and the Effect of Varions Exposure Combinations

on the ODC Activity Ratio

Extcrmnal Microwave

€0 Hz External noige 60 Hz AM obpcC
(B=5uT (B =5uT) (B =~ 2.5 uT) activity
5 — -— Increase

5 3 — No change
— _ 10* Increasc
—_— s ot No change

tude modulated microwave signal. Figure 3 shows the
ODC activity ratio as a function ‘of the rms amplitude
of the ELF noise. As in the previous case, the ODC
activity ratios decrease monatonically towards 1 with
increasing amplitude of thie noise. It is apparent from
the results shown in Table 2 and Figure 3 that full
inhibition of the effect induced by the 2.5 W/kg digital
cellular phone microwave field can be achieved with
nojse fields above approximately 5 pT.

DISCUSSION

The work presented here yields the somewhat
startling result that the bioclogical effects associated
with an ELF amplitude-modulated microwave can be
inhibited by the superposition of an ELF noise ficid.
This result becomes even more surprising if one as-
sumes that the interaction occurs via the induced elec-
tric ficld. Listed in Table 3 are values of the relevant
electric and magnetic fields for the various exposure
conditions that we have investigated. In our experimen-
tal arrangement for ELF exposure, cells are subjected
to induced electric fields of approximately 5 pV/m
when exposed 1o a2 § T field. In the case of the expo-
sures reported here, the microwave electric field to
which the cells are subjected is about 100 V/m, while
the associated magnetic field is approximately 2.5 pT.
These data suggest that the effects of a 100 V/m,
2.5 uT, 835 MHz microwave field can be inhibited by
a 5 uT, 60 Hz magnetic field (with an associated
5 pV/m induced electric field). In terms of the process
depicted in Figure 4, this implies that the 100 V/m
(2.5 uT) microwave field produces an ‘‘effective’’ ELF
stimulus approximately equivalent to that produced by
a S uT, 60 Hz magnetic field, with an associated in-
duced electric field of S pV/m.

Whereas the results reported here aud in earlier
work [Penafiel et al., 1997) indicate that microwaves
modulated at ELF frequencies induce ELF-like effects.
it is not known whether these effects are mediated via
the magnetic field or the elecuic field. The ELF mag-
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TABLE 4. Induction of ODC Acdvity in Equivalent Cell Cultures by Exposure to RF and ELF Electromagnetic Fieids 1,129

Miirine Cells -
opc
La. Madel Frequency (Exp/Con) Reforence
V/ Hospital, CA Hepatoma c<lls AM RF 1.3 Byus ct a, 988
BELF 1.5 Byus et al., 1987
Catholic University 1.929 Murine cclls AM RF 2.0 Penafiel ct al., 1997
ELP 1.9 Litovitz et al,, 1991

1493, at Catholic University), (2) inhibition of EM
field-enhanced  gene transcription (c-myc) [Lin and
Guodman, 1995, at Columbia University], (3) inhibi-
ticn of EM field-induced alterations in neurotrangmitter
sy athesis (dopamine) [Opler-et al., 1997 at Columbia
University], and (4) inhibition of EM ficld-induced cell
proliferation in human amniocytes {[Reskmark and
Kwvee, 1996, at the University of Aarhus, Denmark].

The in vivo systems in which EM noise was stud-
ieil include (1) inhibition of enhancement in truncal
ncural tube abnormalities in chick embryos [Litovitz
et al., 1994b, at Catholic University], (2) inhibition of
m-dification of ODC enzyme activity in chick embryos
{Farrell et al., 1997, at Catholic University], and (3)
in aibition of the modification of 5 nucleotidase activ-
it in chick brains [Martin and Moses, 1995, at the
University of Western Ontario], In every system inves-
ti sated, the superposition of an EM noise field inhibited
tt.= bioeffect associated with the coherent ficld alone.
The inhibition effect of BM noise appears to be one
o the most replicated results in ELF magnetic field
stadies.

EI.F Noige Inhibits Microwave Effects in the
Same Manner as |t Inhiblts ELF Induced Effects

In the present study of AM microwave-induced
chianges in ODC activity, the inhibitory effect of the
si..perimposed BLF noise field increased as its ampli-
tude increased. This general behavior has aiso been
observed in the case of ELF noise inhibition of the
bioeffects of an ELF signal {Litovitz et al.,, 1993} In
that study, the amplitude dependence of the inhibitory
elfects of an ELF noise ‘field on a coherent BLF field
was described by the empirical function

1.06
2
1+ 76(%92)

app

Aopc = 1 + (H

v here Agpc is the activity ratio of ODC resulting from
¢ cposure to the superposition of an applied noise field

of amplitude, N,,,, and an applied coherent ELF signal
of amplitude, S,,: _

To determine whether the functional dependence
on noise amplitude given by Eq. (1) could be also be
used to describe the results of the present experiment
involving BLF noise and microwaves, we reasoned as
follows: First, guided by our previaus data ou the role
of modulation, we assumed that the cell somehow de-
modulates the microwave signal, creating an “‘effec-
tive’" ELF stirmulus (i.e., an *‘effective’’ S,;,). In this
demodulation concept (as diagramed in Fig. 4) similar
responses will result from exposure to ELF or AM
microwave signals as long as the ‘‘effective’ ELF
stimuli are equivalent. Second, we assumed that S,
in Eq. (1) could be replaced by an “‘effective’’ value
S.¢ When considering the microwave data reported
here. Using this, it was found that (see the solid line
in Fig. 2) Eq. (1) fit the microwave data reasonably
well when S,¢ was set equal to 5 uT. This similarity
in the functional dependence or ELF noise amplitude
is consistent with the other instances described above
in which the effect of AM microwave fields was the

- same as that of the ELF fields alone.

The inhibitory effect of ELF noise on the ODC
response to the DAMPS microwave signal cannot be
analyzed in the same manner because data for the effect
of the ELF burst signal alone are not available. How-
ever, because the frequency content of the modulating
signal is broad, it not unreasonable to expect that the
functional dependence with respect to the magnitude
of the noise might be different. What is more important
to note is that the general trend of the result, a steady
decreasc in the response with increasing noise level, is
consistent with the results at 60 Hz,

CONCLUSIONS

The proliferation of personal communication de-
vices that operate at microwave frequencies has raised
concerns about their safety. The results of this study
and previously reported experimental results seem to
indicate that fields of the type radiated by these devices
can indeed produce biological effects, at least as mea-
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Demodulaton
.F AM = by non-linaar
: Floid Interaction with
blologlc cell

ELF
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4. Schemetlc diagram outlining the generation.of an ELF
-ulus either from exposure to ELF AM microwaves, or ELF
:s.

lnteracﬂon with /

FFlold ——=  pisloglc cell

:c noise field (~1 {T) is about the same magnitude
‘he magnetic component of the AM microwave field
25 uT), If we assume that the interaction oceurs
a direct magnetic phenomenon (e.g., if there is
iynetite present in the system) the inhibition effects
sented are not obviously implausible. However, if
assume that the interaction occurs via the induced
ztric field, then the observation that an electric field
. .00 V/m might be blocked by a noise ficld whose
gnitude is only about 5 4V/m is at first glance dis-
serting.
Nevertheless, such a result is plausible if one con-
«rs the electrical properties of the biological system
vhich' the interaction is occurring. The interaction
. biological system with an externally applied EM
1l is characterized by its dielectric response, that is,
frequency-dependent variation in the permittivity
. conductivity of the system. At low frequencies
primary field-induced effect is the displacement
‘ounterions associated with the electrically charged
logical cells, which gives rise to very large increases
he refative permittivity (~10°~107) [see, for exam-
Chew and Sen, 1982]. The magnitude of the effect
-eases with increasing frequency and is referred to
‘he alpha dispersion. Due to the frequency depen-
>e of the counterion displacement phenomenon, a
h stronger (by many orders of magnitude) micro-
‘e field is needed to produce the same displacement
given ELF field. Thus, if the BMF interaction with
sell which produces the ODC response is mediated
ounterion displacement, the experimental result
the microwave field needs be many times larger
. the ELF to be equally effective is to be expected.
Although some plausible explanations of the inhi-
an effect have been discussed, a full description of
phenomenon is not possible since the mechanism
ateraction is nat understood, However, we believe
a consistent picture emerges when our findings are
ved in the light of relevant data in the literature.
Hw we present a summary of these data, which we
zve lend credeace 1o the unusual result reported in
present work.

ELE and AM Microwave Fislds Modify ODC
Activity in a Similar Manner

Table 4 shows the experiments performed by two
different laboratories in which ELF and RF fields were
found 1o enhance the activity of ODC in cultured cells.
Both labs performed the exposures using 60 Hz ELF
fields and 60 Hz AM microwave fields. The magnitude
of the change in the ODC activity with both the ELF
and RF fields is essentially the same in each cell sys-
tem. Hepatoma cells experienced an increase of ap-
proximately 50% in ODC activity, whereas L929 mu-

.tine cells showed an approximately doubling in ODC

activity. The observed similarities suggest that the BLF
and RF fields generate equivalent effective stimuli and
therefore equivalent effects.

The Required Field Constancy Time, <., Is the
Same for ELF and Microwave Fields

To further explore the similarities between ELF
EM field effects, and those due to BELF AM microwave
fields, the field constancy time aeeded to produce bio-
logical effects were examined for both RF and ELF
fields by Litovitz et al. {1991, 1993]. They found that
an ELF field can induce a biological effect only if it
is temporally constant, i.e., parameters such as fre-
quency or amplitude are constant for some minimum
“‘constancy'’ time, T.. In addition they showed that the
required . for BLF AM microwaves is the same as
that for the ELF field alone. In both cases, if T. i3 less
than 1 s, no enhaocement in the biological response
(ODC activity of murine 1929 cells) was observed,
whereas fields with constancy times of 10 s or more
yiclded the full biological response (nearly a doubling
of ODC activity). In addition, the functional depen-
dence on T, was found-to be the same in the ELF and
microwave experiments.

ELF Nolse Inhibits Effects Induced by Coherent
ELF Fields

Before accepting that ELF noise fields can inhibit
microwave fields, it is reasonable to ask whether the:
concept that ELF noise can inhibit the bioeffects of
coherent ELF fields is strongly supported in the litera-
tre, A thorough review of the pertinent publications
reveals that the ability of an ELF noise field to block an
ELF field has been broadly tested and verified. These
studies have been conducted by several laboratories
using a number of markers both in vivo and in vitro.
The following is a summary of the systems in which
the inhibiting effects of superimposed BELF BM noise
have been demonstrated. The in vitro studies include
(1) inhibition of EM-induced ODC activity in mouse
fibroblasts [Litovitz et al., 1994a, at Catholic Univer-
sity) and in human lymphoma cells [Mullins et el.,
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[ in terms of changes in ODC activity. Whether
«t these bioeffects are related to adverse health
s is unknown and has not been addressed by our
Howcver. because ODC activity plays a critical
:n cell transforrnaton [Hibshoosh et al., 1990;
aen et al,, 1992], it is reasonable to assume that the
:nduced response may be physiologically relevant.
We have demonstrated that superimposed random
magnetic fields can be effectively used to inhibit
:DC response not only to ELF EM fields but also
.F amplitude modulated microwave fields. This
: offers a promising means to inhibit biological
ts induced by expasute to low level (<5 W/kg)
wave fields.
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