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I 1 SESSION A-1: MICROWAVE EFFECTS ON CELLS AND MEMBRANES 
CO-CHAIRS: Bernard Vevret and Sisir Dutta 

1 
MICROWAVE ALTERATIONS IN LIPOSOME PERMEABILITY ARE MEDIATED BY CALCIUM IONS AND 
ANTIOXIDANTS: ROLE OF ELECTRIC AND MAGNETIC FIELD COMPONENTS. R.P. Liburdy. Department of Cell & 
Molecular Biology, Life Science Division, Lawrence Berkeley Laboratory, UC Berkeley, CA 94720 USA. 

Cellular calcium ion concentrations or calcium dependent processes have been shown in at least eleven laboratories to be influenced by 
electromagnetic fields [ 11. Research from our laboratory indicates that brief exposure of 130 minutes to 2450 MHz (CW) microwave 
fields promotes the release or shedding of protein from the erythrocyte and from the lymphocyte cell surface (0-60 mW/kg) [21. This 
effect is mediated through structural changes in the cell membrane in two ways: (1) a temperature dependence implicates features of cell 
membrane structure at the structural phase transition, and (2) a calcium ion dependence implicates structural cationic bridges which form 
between calcium ions and protein/phospholipid moieties at the cell surface. This bioeffect is further mediated by antioxidants such as 
ascorbic acid and a-Tocopheral which implicate a role for free radicals andor reactive oxygen species in the microwave interaction [3]. In 
liposome studies 2450 MHz fields are reported to alter bilayer permeability r4-61, and we recently observed that antioxidants placed in the 
bilayer or in the interior of the liposome are effective in reducing microwave-induced membrane pemeability [71. Here we present 
evidence that calcium ions in the extraliposomal media are important mediators of microwave-induced permeability changes. Calcium 
ions are known to bind to the polar, anionic head groups of phospholipids in the liposome membrane. These calcium ion interactions 
stabilize the bilayer and shift the temperature of the structural phase transition to higher temperatures. Large unilamellar liposome 
vesicles (DPXDPPG; 200 nm diameter) loaded with H-cytosine arabinofuranoside displayed a marked permeability increase at 39.5 OC 
in 25 mM Hepes buffer (pH 7.0) indicating a main phase transition. Experiments indicate that the presence of 10 mM CaC12 in the Hepes 
buffer shifts this main transition to 40.0 OC consistent with a suuctural stabilization of the bilayer. Exposure of liposomes (no calcium 
present) to 2450 M H z  microwave fields (0.6 mW/gm) for 5 minutes at temperatures between 36 - 43 OC resulted in a shift of the main 
slructural transition to a lower temperature of 38.0 "C. This is consistent with previous reports from our laboratory [2 & ref. therein, 41. 
When 10 mM &C12 was present in the buffer microwave treatment was observed to shift the main transition to a lower temperature of 37 
"C and this is in the opposite direction of the stabilizing effect of CaC12 by itself, mentioned above. Thus, the stabilizing effect of calcium 
ions which shifted the main transition from 39.5 O C  to a higher temperature of 40.0 "C, was shifted by microwave fields to a lower 
transition near 37.0 "C. The mechanism of interaction, we hypothesize, involves disruption of the stabilizing calcium cationic bridges with 
the negatively charged polar head groups of the DPPG phospholipids in the liposome bilayer. This is consistent with the role of calcium 
cationic bridges in stabilizing protein binding to the erythrocyte and lymphocyte, and the destabilization of these bridges by microwave 
fields which results in protein release from the cell surface [2 & ref. therein]. The above microwave exposures were carried out in a 
standard WR-430 waveguide operating in the dominant TElo mode. A standing wave was set-up at the sample location with the sample 
exposed to an Emax (6.1 V/m) and a B,,u. Since the magnetic field component was nulled the above effects may be related to the E field 
component of the microwave field. We are testing this hypothesis by conducting experiments at the equivalent SAR (0.6 mW/gm) but at a 
magnetic field maximum and an hull. 
Dl R.P. Liburdy (1994) Radio Science, In Press. 
[21 R.P. Liburdy (1992) In Interaction Mechanisms of Low-Level Electromagnetic Fields in Living Systems, Oxford Univ. Press (Eds. B. 
Norden & C. Ramel), 259-279. 
[31 R.P. Liburdy et al. (1987) Radiation Research, 109,382-395. 
[41 R.P. Liburdy et ai. (1985) Radiation Research, 103; 266-275. 
[51 Saalman, E. et al. (1991) Biochim. Biophys. Acta, 1064; 124-130. 
[61 Orlando, A.R. et al. (1993) URSI, Kyoto, Japan, 25 Aug.-2 Sep., Abst. KA-8. 
[71 R.P. Liburdy (1993) Bioelectromagnetics Society, L.A., 13-17 June, Abst F-1-8. 
Support provided in part by the Office of Health and Environmental Research, and the Office of Energy Management, Utilities Systems 
Division, U.S. Department of Energy under contract DE-AC03-76SF00098, and the N M  under Grant CA5371 1 from the NCX. 

IA-1-21 
AN APPROACH TO THE EVALUATION OF MICROWAVE FIELDS INTERACTION ON DIFFERENT TARGET SITES OF 
ENZYME INSERTED INTO LIPOSOMES. C. Arcovito*l, G. D'Inzeo', G. Mossa*2, A. PaIombo*l and A. Ramundo-Orlando*2 
IDept. of Electronic Engineering, "La Sapienza" University of Rome, 00184 Rome, Italy. lhstitute of Experimental Medicine, CNR, 
00137 Rome, Italy. 

In order to clarify the mechanisms of interaction between electromagnetic fields and biological membrane many efforts have been devoted 
to explain how microwaves (MW) might interact with the different components of natural membrane, in particular, whether proteins, 
phospholipids, or both are participating in this interaction. Recently, evidence of permeability changes on lipid bilayer has been reported 
(A. Ramundo-Orlando et al. "Bioelecfromugnefics ",1994 in press; E. Saalman et al. "B.B.A." 1064: 124, 1991; RP. Liburdy et al. "Twelfth 
BEMS", 1990). 
An 2.45 GHz exposure apparatus for spectrophotometer in vitro experiments has been developed (Arcovito C. et al. "GA-URSI Kyoto", 
1993) to investigate the changes on enzyme Ascorbate Oxidase (AAO) activity induced by MW fields. The exposure cell has been 
designed to obtain a 2.45 GHz working frequency with a "EM type field configuration and a thermostation of sample cell, through a 
circulating water bath. The experimental set-up included simultaneous monitoring of the temperature, maintained at 25fo.1 OC, with a 
fiberoptic thermometer. We used small unilamellar vesicles of DPPC:CHOL at 7:3 mole ratio loading the glycoprotein AAO to follow the 
enzymatic reaction changes induced by MW fields in real-time. The liposomal suspensions were made adding 4 ml of phosphate buffer at 
pH 7 containing ascorbate oxidase or ascorbate oxidase de-glycosylated, respectively. Enzyme activity measurements were performed in 
0.1 M phosphate buffer pH 7 containing 1 mM EDTA, using sodium ascorbate as substrate and following the oxidation of ascorbate 
monoanion by monitoring the decrease in absorbance at 298 nm wavelength on spectrophotometer. The kinetics were recorded for a total 
six minutes. MW radiation was started immediately (0'- 3') or after 3 minutes (3'- 6') the enzymatic reaction was initiated. The Specific 
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Absorbed Rate (SAR) was experimentally determined from the rate of temperature rise measured during exposure of non-thennostated 
' 

liposomal suspension. 1 

Our experimental conditions allow to evaluate a possible role of oligosaccharide chains of enzyme in the interaction with microwave fields 
comparing the total with the de-glycosylated enzyme. Anyway, the free enzyme in solution did not show any effects induced by IKW 
exposure. On the other hand, a 2.45 GHz fields exposure at SAR of 5.6 mW/g induce a decrease of reaction rate of the enzyme inserted 
into liposomes. 

'k%&dS OF MICROWAVE AND RF EXPOSURE ON LICHENS. B. Eicher*l, J. Siegenthaler*l, M. Urech*2 and N. Kuster3. 
1Swiss Telecom PTT, R+D Dept., Berne. 2puls, Environmental Consulting, Beme, Switzerland. 3Swiss Federal Institute of Technology, 
Zurich, Switzerland. 

Several field studies in Switzerland have shown that low ambient power levels around transmitting stations (VHF, UHF) have no effect on 
the vitality of trees. A microwave field experiment with high power produced no effects on trees (e.g. visual symptoms, photosynthesis). 
We report field and laboratory experiments measuring the effects of microwaves on lichens, which are known to be very sensitive to 
environmental changes: A total reduction of growth was found on exposure to high power microwaves. Further thermal investigations 
have been tealised in laboratory. 
In a field experiment at microwaves frequencies of 2.45 GHz from a magnetron source were beamed on the lichens Parmelia tiliacea and 
Hypogytnniaphysodes. They were exposed to a range of power flux densities of 50,5,0.2,0.001 mW/cm2 over 2.5 years. The growth 
rate of the lichens was assessed from photpraphs taken every 100 days. Both lichens showed significant reduction of relative growth rates 
with a power flux density of 50 mW/cm . There was no difference in growth rate between the other exposure levels. For vegetative 
reproduction the lichen ffypogymia physodes uses soredia, which are falling off the lichen body and are growing to new lichens. This 
reproduction was influenced too: Siflicant less new lichens were found under the power flux density of 50 mW/cm2. 
We suspected that the effects of high power flux density on the lichens were caused by thermal effects from the microwaves. We 
measured the surface temperatures of wet and dry lichens (Parmelia tiliacea and Hypogymnia physodes) under microwave exposure in the 
laboratory (magnetron, 50 mW/cm2). Microwave exposure elevated the surface temperature by 8 and 6 O C  for wet and dry lichens 
respectively. Wet lichens were drying much faster when exposed to microwaves. It is known that increased temperature leads to higher 
respiration rate of the lichens and as a consequence growth rate is reduced. If lichens are dry, their metabolism is stopped and growth is 
drastically reduced. The experiment shows that microwave fields with a power flux density of 50 mW/cm2 have thermal effects on 
lichens. 
In a field study the same lichen species were exposed to modulated short waves near a transmitting station. With short waves no thermal 
effects on lichens are expected. Although the electric and magnetic field strength values were very high, the lichens showed no reduction 
in growth after 300 days of exposure. Our studies demonstrated that vital functions of lichens are affected under the influence of 
microwaves of high power flux density. It is likely that the large thermal effects of high power microwave fields on lichens are mainly 
responsible for the observed changes in growth and reproduction. However until now it can not be excluded that other effects (non- 
thermic effects, synergism with other environmental stress factors) cause reactions of the lichens. 

LA-1-4 I 
NON-THERMAL EFFECT OF MICROWAVES ON TWO SPECIES OF YEAST. P. Gos*l, W.D. Heyer*l, J. Kohli*l, B. Eicher*2 
and N. Kuster3. 'Institute of General Microbiology, university of Beme, CH-3012 Berne, Switzerland. 2Swiss Telecom PTT, 3000 Berne 
29, Switzerland. 3Swiss Federal Institute of Technology, Zurich, Switzerland. 

The objective of this study is the reproduction of the finding of Grundler, who reported a non-thermal effect of microwave exposure on the 
growth of Saccharomyces cerevisiae (Grundler, 1992), with two species of yeast (Saccharomyces cerevisiae and Schizosaccharonzyces 
ponrbe) and with an hkpemknt experimental setup. If the effect is confirmed, the underlying biological mechanisms will be studied. So 
far a system has been assembled to expose the cells directly on the growth medium (standard agar medium in Petri-dish). A synthesized 
RF-source delivers a microwave signal with a fresuency resolution at the fundamental fresuency of flOO Hz. The RF-source frequency is 
tripled and the power is enhanced with an amplifier. The max. power density at the surface of the growth medium has been measured and 
is around 50 pW/cm2- The adjustment of the power is possible with a power meter and a rotary attenuator. Two exposure chambers 
connected to the RF-source are contained in a stainless steel block. Both are temperature controlled and can be used either as control or as 
exposure chamber. The waveguide and the chambers are . pressurized for moisture control. The electromagnetic isolation between the 
chambers is more than 100 dB in the frequency range of 40-45 GHz. The electromagnetic environment of the laboratory and of the cells 
within the chambers has been checked. For the nonmagnetic stainless-steel block, no magnetic field attenuation has been found for VLF 
EMF but a 6 dB attenuation at 500 Hz. The block is oriented in such a way that the electric field vector of the RF-field is perpendicular to 
the horizontal component of the earth magnetic field. The yeast strains used are a diploid of S. cerevisiue (heterozygous for leucine and 
uracil auxotrophy mutations) and a haploid wild-type or S. pornbe. The cells are monitored with a microscope micromanipulator and a TV 
camera. Photographs are taken with a thermoprinter connected to the TV camera. Pictures of cells are taken after spreading on growth 
medium (before exposure) and after a five hours and a halfs time with exposure. C 11s are photographed from an area on the agar surface, 

of cell division rate. Enough individual cells can be followed for a reliable statistical analysi of the data. Also the morphology of the cells 

to 41.710 GHz, shows no significant differences between the growth rate of the cells exposed to the microwaves and the control. These 
results are preliminary and further experiments are in progress. Ref: Grundler. 1992: Intensity- and frequency-dependent effects of 
microwaves on cell growth rates. Bioelectrochemistry and Bioenergetics, 27:361-365 

where the exposure to the electromagnetic field (EMF) is homogenous (iO.lpW/cm s ). Comparison of both pictures allows the calculation 

can be studied. A first series of experiments without amplifier (power density = 0.4 pW/cm 2 ) within the frequency window of 41.682 GHz 
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IA-1-5J 
GENETIC EFFECTS ASSOCIATED WITH MICROWAVES FROM MOBILE TELEPHONE FREQUENCIES. L. Verschaeve, 
A. Maes, U. Van Gorp, M. Collier and 0. Slaets*. V.I.T.O., Division of Environmental Research, B-2400 Mol. Gemndheid en Arbeid, B- 
1060 Brussel, Belgium. 

Several cytogenetic methods (analysis of chromosome aberrations, SCEs, chromosome banding) and single cell gel electrophoresis were 
used to investigate the genetic effects associated with waves from mobile telephone frequencies alone or in combination with 
environmental pollutants or mutagens. 
The investigations were performed in peripheral blood lymphocytes from mobile telephone maintenance workers and from rats or whole 
blood samples exposed to waves from a 450 or 954 MHz emitting antenna. Some of the genetic endpoints are still under investigation. 
The most striking effect observed to date is a clear in vitro synergism between 954 MHz waves and the mutagen mitomycin C. 

JA-1-6 I 
DNA SYNTHESIS AND CELL PROLIFERATION IN C6 GLIOMA AND PRIMARY GLIAL CELLS EXPOSED TO A 837 
MHZ MODULATED RADIO FREQUENCY FIELD. R.B. Stagg*, WJ. Thomas* and W.R. Adey. Jerry L. Rttis Memorial VMC, 
Loma Linda, CA 92357 USA. 

We have tested the hypothesis that a modulated radio frequency (RF) field acts as a tumor promoting agent by altering DNA synthesis 
leading to increased cell proliferation. In vitro tissue cultures were exposed to a 837 MHz, modulated RF field at three power densities, 
0.037, 0.37 and 3.7 mW/cm2 given as RMS values. "EM-mode transmission-line cells (Instruments for Industry, Model CC-I 10s) 
powered by a prototype TDMA (timedomain multiple access) transmitter (Motorola) that conforms to the North American digital cellular 
telephone standard were used for exposures. The TDMA protocol utilizes a modulated carrier where the W4 DQPSK-modulation is on for 
one-third of each 20 ms frame. Two TEM cells, one sham and one energized, were placed in standard incubators maintained at 37 "C and 
5% CO . We used [3Hl-Thymidine incorporation into the TCA precipitable fraction and cell counts to measure the effect of modulated 
RF on &A synthesis and cell growth in both transformed and normal rat glial cells. DNA synthesis experiments were performed on log 
phase and serum starved semiquiescent cultures after 24 hours of exposure. Cell growth was determined by cell counts of log phase 
cultures on days 0, 1,5. 7, 9, 12 and 14 of a two week protocols. Results from the DNA synthesis assays differed for the two cell types. 
When compared, sham exposed and RF exposed cultures of primary rat glial cells show no significant differ nces for either the log phase 

experiments for RF exposed cultures in each condition. To determine if the observed alterations lead to increased proliferation, cultures of 
sham and RF exposed cells were followed for 2 weeks. Growth curves of both normal and transformed glial cells did not show any 
differences between exposed and sham exposed cultures at any of the power densities tested. Cell doubling times of C6 glioma cells (sbam 
23.1 f3 vs. field 22.433 hours) also demonstrated no significant differences that could be attributed to altered DNA synthesis rates. Under 
these conditions modulated RF does not increase cell proliferation of normal and transformed cultures of glial origin. 
Sponsored by Motorola, INC. 

or serum starved condition. C6 glioma cells exhibited small (10 - 30%) significant increases in 25% of 1 9 HI-Thymidine incorporation 

[ = I  
EFFECT OF ISOTHERMAL RF RADIATION ON CYTOTOXIC T-LYMPHOCYTES. S.F. Cleary, C. McCrady*, G. Cao, L.M. 
Liu. Bioelectromagnetics Laboratory, Department of physiology and Biophysics. Medical College of Virginia, Virginia Commonwealth 
University, Richmond, VA 23298 USA. 

The specific objective of this research was to investigate the effect of radiofrequency (RF) radiation on IL-2 dependent proliferation of 
cytotoxic T-lymphocytes (CTLL-2). Cells were exposed to continuous wave (CW) 27- or 2450 M H z  RF radiation for 2 h under isothermal 
conditions (3739.2 "C) in vitro. CTLL-I were exposed during log-phase as well as during resting state to determine the interaction of W 
radiation with lymphocyte proliferation rate. Immediately following RF radiation exposure cells were incubated for 24 h @ 37 "C, 5% 
C e ,  in the absence of or in the presence of physiological concentrations of the recombinant lymphokine interleukin-2 (IL-2) (Le. 0 to 40 
units of r-IL-2hd). Effec s of FW radiation exposure on CTLL-1 proliferation 24 h postexposure were determined by 2 h pulse labelling 

consistent highly statistically significant suppression of CTLL-1 cell proliferation in cells incubated with rIL-2 concentrations of 0-, 1-. 
2.5-,5- or 10 U/ml. The effect of RF radiation exposure on CIZL-1 cell proliferation was significantly reduced in cells incubated with 20- 
or 40 U/ml rL-2 indicating a saturable interaction of R F  radiation with IL-2 receptor binding. 

with mtiated thymidine ( 5 H-TdR). Exposure to 2450 MHz RF radiation at specific absorption rates of 25 W/kg or higher caused a 

I I SESSION A-2: MICROWAVE EFFECTS ON NERVOUS TISSUES 
CO-CHAIRS: CX. Chou and Richard Saunders 

(A-2-1 I 
MICROINJECTION OF AN OPIOID ANTAGONIST INTO THE SEPTUM BLOCKED MICROWAVE-INDUCED DECREASE 
IN HJPPOCAMPAL CHOLINERGIC ACTIVITY IN THE RAT. H. Lai, M. Carino*, A. Horita and A.W. Guy. Department of 
Pharmacology and the Center for Bioengineering, University of Washington, Seattle, WA 98195 USA. 

In previous research, we foun that acute (45 min) exposure to circularly polarized 2450-MHz pulsed (2 ps pulses, 500 pps) microwaves at 

rat, and this effect could be blocked by pretreating the animal with an intraperitoneal injection of opioid antagonists. These data suggest 
that microwaves activate endogenous opioids in the brain, which in turn causes the decrease in cholinergic activity in the hippocampus. In 
the present experiment, the site in the brain where endogenous opioid activation occurs after microwave exposure was investigated. 
Opioid antagonist was microinjected into the medial septum of rats before acute exposure (45 min) to microwaves. The medial septum 

a power density of 1 mW/cm h (whole body average SAR of 0.6 Wkg) caused a decrease in cholinergic activity in the hippocampus of the 
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contains cell bodies of the cholinergic neurons innervating the hippocampus (septo-hippocampal cholinergic pathway). We found that 
injection of the mu opioid antagonist 6-funaltrexamine (1 pg in 0.5 pl of solvent) into the medial septum before microwave exposure 
completely blocked the microwave-induced decrease in cholinergic activity in the hippocampus. This result indicates that low-level 
microwaves activate endogenous opioids in the medial septum leading to a decrease in activity of the septo-hippocampal cholinergic 
pathway. 

~ 

pq 
EFFECTS OF LOW-POWER HIGH-FREQUENCY (960 MHZ) EMF ON THE HUMAN SYMPATHETIC NERVOUS SYSTEM 
MEASURED BY ISZN - AN INDICATOR SYSTEM FOR INFLUENCES ON NERVOUS SYSTEMS. I. WahrendOrf*, U. 
Kullnick* and H.G. WolfP. Technische Universitat, Zoologisches Institut - Physiologie, D-38092 Brawhweig, Germany. 

As human beings are living more and more in an environment with technological, electromagnetic radiation, this leads to the question, 
whether these fields may influence the biosignal transduction process. To go a step ahead in answering this question we developed a new 
methodological approach named ISIN - an Indicator System for Influences on Nervous systems. ISIN shall determine directly at the level 
of human vegetative nervous system (specifically sympathetically functions) those characteristic field parameters (like frequency, 
intensity, modulations, time domain etc), which leads to those athermic influences. In the study we use the Peripheral Autonomic Surface 
Potential (PASP,( 1)) as the electrophysiologic measurement-tool of ISIN. Basic to the method (2) is the so called arousal-system (as a part 
of typically unconscious mechanisms), which switches the vegetative nervous system to a condition of high activity (e.g. the heart beat rate 
increases, cold sweating etc.). The PASP as an alteration of the bipolar voltage potential across the skin originating from synchronhd 
sympathetic activation of sweat-glands was recorded. All experiments were wried Out in a special “anechoic c-ber” (combining a 
Faraday-cage with absorpting capacities). Our field-parameters were: 960 MHz, CW = continuous wave, 0.1 mW/cm applied under far- 
field-conditions by a spiral antenna (directed towards the back of the subject’s head). Before, during and after field application each 15 
minutes intervals were recorded. Within each of these intervals we evoked up to ten PASP by stimulating the Nn. medianii at the Wrists 
(side selected randomly) with rectangular electric pulses. The stimulus interval time was set >60 sec. Recording electrodes (Ag/AgCl- 
type) were placed on the palms. Four latencies (= regular time between stimulus and start of the reactive potential) and the amplitudes 
were recorded on a DTR-system after amplification and signal filtering. We examined 9 women and 4 men (age: 22 to 35 years) in 22 
experiments. Results: With the parameters L1 and L2 and L3 we fiid significant alterations. While field exposition mean values and 
variance values of the latency parameters alter: 1. The mean of the latency values gives mostly increasing values, compared with the 
corresponding values of the initial field status. 2. The variance gives mostly decreasing values, compared with the corresponding values of 
the initial field status. 3. We did not find a correlation with the sex or age of the subjects or the time of day of the experiments. 4. We find 
that there are subjects which show always si@icant reactions in one or more parameters. 5. On the other hand there are subjects which 
do not show reactions at all. 6. In the cases of significant alterations we find furthermore as a result that the direction of alteration (i- or 
decreasing values) is not fixed. With this new methodological approach we are able to detect influences of different kinds on the human 
nervous system. If weak high-frequency electromagnetic fields influence this part of the nervous system - one can consider that this will 
also be valid for the other smctural parts of this nervous system. Our ongoing work is designed to investigate these influences in detail, 
but up to now the results do not give contributions in answering the question whether these EMF may cause damage or not. 
This work was supported by Deutsche Bundespost Telekom. 
Sponsored by Prof. Dr. K. Brinkmann, TU Braunschweig; Projektleiter Forschungsverbund Elektromagnetische Vertraglichkeit 
Biologischer Systeme. 
(1) Knezevic, W., S. Bajada (1985): J. Neurol. Sciences 67,239-251. 
(3) Wahrendorf, I., U. Kullnick, H.G. Wolff (1993): 11. Congress of the European Bioelectromagnetics Association, Bled/Slovenia, in 
press. 

MEASUREMENTS AT MILLIMETER WAVELENGTHS OF RT EFFECTS USING A BIOLOGICAL STRESS INDICATOR. 
A.G. Robergel, G.Y. K. M~khtech*~ and K. Bois* . lINRS-Sante, Pointe-Claire, Canada H9R 1G6. 21NRS- 
Telecommunications, Verdun, CanadaH3E 1H6. 3Laval University, Ste-Foy, Canada G1K 7P4. 

The pre ent work investigates the athermal electromagnetic fields effects at microwave frequencies (9.3 GHz) for power density near 1 

involved in the physiological response of the hypothalamo-pituitary-adrenal axis following various stressful situations, was of particular 
interest. It is known that DBH catalyses the hydroxylation of dopamine to norepinephrine and is localized within the catecholamine 
containing vesicules in the central and sympathetic nervous systems, and in the chromaffin granules of the adrenal medulla. Forty-eight 
male Sprague-Dawley rats weighing 98 f 1.0 g were used and divided in three groups: controls (12), sham-exposed groups (12) and 
exposed groups (24). Body weight, food consumption and water intake were daily measured. Following a 5 consecutive days exposure 
period, the specific DBH enzyme activity was measured. Groups of rats were exposed to microwaves (H fields) for 3 hours in the morning 
(8:00 to 11:00 hr) and also in the afternoon (13:00 to 1600 hr). They were exposed in a room at controlled constant temperature (23 f 2 
“C) and relative humidity (55%) equipped with a ventilating fan to insure 20 air changes per hour in the exposure room and with a shaded 
house-light of 120W on. The exposure system consisted of an anechoic chamber (1.20 x 1.20 x 1.40 m) built in using Emerson & 
Cummings Eccosorb SV-4 pyramidally shaped absorbing material into a Faraday cage (outside dimensions 3.12 x 2.45 x 2.10 m) with 
irradiation taking place from the top of the cage. The animals were positioned in the far-field, at a distance of 155 m of a pyramidal horn 
antenna with a minimal separation of at least 3% between specimens to minimize undesirable scattering effects. The horn antenna was 
energized with a 9.3 GHz magnetron source with a peak power of 150 W, coupled to the horn antenna via a waveguide and a 10 dB 
attenuator. The power level, specnum and density were respectively monitored using a calibrated power meter, a spectrum analyzer and an 
appropriate field probe c o ~ ~ t e d  to the power meter. Results obtained show a significant decrease in the adrenals DBH enzyme activity, 
such a diminution being significantly enhanced in the afternoon. Moreover, the body weight and the food intake were noticeably affected 
during the exposure period. Such data suggest that millimeter wavelengths exposure might act as a physical stress by reducing the DBH 
enzyme activity, therefore decreasing the resistance of the organism to various environments. 
(This research was supported by the Natural Sciences and Engineering Research Council of Canada (NSERC) under the strategic grants 
program). 

mW/cm 1 (current ANSI standard). Potential effects on the biological stress indicator, Dopamine &Hydroxylase (DBH) enzyme activity 
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IA-2-41 
THE IMPORTANCE OF SPECIFIC MICROWAVE PARAMETERS FOR THE INDU TION OF OCULAR EFFECTS IN THE 
NON-HUMAN PRIMATE. H.A. Kuesl3, S.A. D 'A~M*~,  M.A. Johnson*2. W.R. Greens, L.J. Brooks*2 and J.C. Monahan3. lThe 
Johns Hopkins University Applied Physics Laboratory, Laurel, MD 20723 USA. 2Wilmer Ophthalmological Institute, The Johns Hopkins 
University School of Medicine, Baltimore, MD 21205 USA. 3Food and Drug Administration, Center for Devices and Radiological 
Health, Rockville. MD 20857 USA. 

Previous research in our laboratory has examined the effects of both CW and pulsed microwave irradiation to the ocular area of the head. 
These studies were conducted using a variety of protocols with either anesthetized or restrained primates (Mucaca mulutfu and Mucucu 
fascicdmis). A typical microwave exposure session lasted for four hours and was repeated on three consecutive days. Some protocols 
involved repeated exposure over a number of weeks at various average specific absorption rates (SAR). Subjects were examined both pre- 
and postexposure using a variety of ophthalmic diagnostic techniques, and at the conclusion of each study ocular histopathology was 
performed. These studies documented a variety of ocular changes as a consequence of microwave exposure. The present study exposed 
subjects to 2.45 or 2.85 GHz pulsed microwaves (20 or 100 pps, and 1 or 10 pet) three times per week for a ten-week period. Retinal 
changes following microwave exposure were assessed by electroretinography, fundus photography, and at the conclusion of exposures 
histologic examinati on using both light and electron microscopy. Electroretinography was also performed on each subject midway through 
the exposure series. This study, which employed 13 adult rhesus monkeys (M. mululfu), was designed to examine the mechanism@) 
responsible for retinal changes and the importance of CeRain microwave paramem, such as pulse length, which could be responsible for 
changes in ocular tissue which occur at exposure levels too low to produce signifcant bulk tissue heating. The study also m g h t  to 
examine the retinal effects of an ancillary condition, Le., anesthesia. This study was undertaken with the intention of comparing the new 
data with effects observed in previous studies. The retinal changes observed in this study varied as a function of the radiation parameters. 
The initial analysis of these results suggests that the ratio of peak power to pulse length is an important factor in the induction of retinal 
changes. Comparison of the results obtained in this study using restrained subjects with those obtained previously indicates that retinal 
changes are not influenced by anesthesia. A comparison of effects observed using exposures with different pulse parameters but a constant 
SAR clearly demonstrates that, contrary to current thinking, SAR may not be the most appropriate indicator of a potential biological effect 
in a pulsed exposure situation. 
This work was supported in part by Navy Contract NOOO39-91-C-0001 and by the U.S. Army Medical Research and Development 
Command. 

jA-2-51 
REACTION OF BRAIN RECEPTOR SYSTEMS ON MICROWAVE INFLUENCE. 0. Kolomytkii*', V. Kumetsov*l and M. 
Yurinska* l .  lInstitute of Cell Biophysics, Russian Academy of Sciences, Pushchino, Moscow Region 142292, Russia. 2Aalborg 
University, Institute for Electronic Systems, DK-9220 Aalborg, Denmark. 

The concept that the cellular membranes of the brain are critical smctures to be affected by microwaves has been generally prevalent in 
recent years. On the other hand all activity in central nervous systems is a result of the dynamic interplay of excitation and inhibition, 
within and between neuronal subsystems. Therefore we can suppose a great role of synaptic receptor systems in microwave bioeffects. In 
the present work we have found that two important brain synaptic receptor systems are very sensitive to the influence of low intensity 
microwaves. Both the excitatory glutamatergic and the inhibitory GABAergic are affected by microwave exposure. The experiments were 
performed as follows: Whole animals (rats) were exposed to microwave radiation. The brains were then harvested and synaptic membrane 
fragments were prepared. Binding of radioactive agonists to membrane fragments was measured and compared with the conml. Non- 
irradiated animals were used as controls. Power densities 10 pW/cm2 and higher caused changes in the binding of agonist to these 
receptors in different ways. A decrease was observed for GABA and an increase for glutamate. Low frequency modulation of microwaves 
was essential for these effects. Statistically significant effects were observed .only at 16 Hz modulation. Non-modulated microwaves as 
well as microwaves modulated at frequencies of 3,5,7,16 and 30 Hz did not produce statistically significant effects. These effects do not 
appear to be thermal in nature, as indicated by the low power density required and the dependence on modulation. The largest change in 
agonist binding was at short irradiation times, 1 - 5 minutes. At longer irradiation times a compensatory reaction developed in response to 
microwave exposure. Analysis of experimental data permits us to consider microwave effect on brain receptor systems as stress reaction 
of the organism. In order to study the mechanism of the microwave effect, irradiation experiments were done with synaptoneurosomes in 
vitro and with post-synaptic GABA receptors reconstituted into a planar lipid membrane. Analysis of the results showed that 
synaptoneurosomes, as well as single GABA receptors in the model membrane, were sensitive to microwaves at the level of 1 - 30 
mW/cm2, but that high sensitivity to low intensity microwaves appeared only when the living animal was irradiated. Therefore we can 
assume that the effect of low intensity microwaves on the synaptic receptors is indirect. Other systems are involved in the effect as well. 
We suppose that Calcium exchange processes can play an important role in microwave effect on brain receptor systems. 

[X) 
SPIKE UNIT ACTIVITY OF THE CEREBRAL CORTEX UNDER MICROWAVE IRRADIATION. R. Chizhenkova*, A. 
Safroshkina* and E. Kharitonova*. Institute of Cell Biophysics, Acad. Sci. Russia, Pushchino, Moscow Region, 142292 Russia. 

The purpose of the present study was to investigate influence of microwave on background and evoked activity of cortical neurons. 
Computer mathematical analysis has been performed of the spike unit activity of neuronal populations of the cerebral cortex in 24 
unanesthatized rabbits prior to, during, and after exposure of animals to microwaves (wavelength is 12,5 and 373  cm, power density is 40 
mW/cm2, exposure duration is 1 min, exposure number is 480). By desuoying some brain structures and by neuronal isolation of a portion 
of the neocortex it has been established that the electrical response of cortical neuron populations is the result of a direct effect of the 
penetrating factor on the cortex. The changes in background activity were represented by a transient effect as a shortening (by about 10%) 
of the mean interspike intervals. Simultaneously, the spike peaks in the spike flows were observed to decrease in number, which was 
accompanied by an increase in peak duration. The effect was most pronounced 20 to 30 s after the onset of exposure, then decreased to 
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some extent and increased again after cessation of the irradiation. The changes in the evoked activity to single light flashes appeared as 
sharp increases of both excitatory and inhibitory phases of response. The amplitude of the excitatory phases on the poststimulus 
histograms exceeding 2-3 times the initial measurements. Thus, the changes in the activity of cortical neuronal populations in response to 
microwaves are the result of a direct effect of the penetrating factor. Small shifts of neuronal background activity go together with 
pronounced changes in the evoked activity. The changes of both activity types show a parallel increase in both excitatory and inhibitory 
processes. For the above changes to occur, a microwave irradiation of less than 1 min (about 20 to 30 s) is sufficient. 

. 

WJ 
THE DYNAMIC OF EEG SPECTRAL DENSITY IN RATS EXPOSED TO 10 CM PULSED MICROWAVES. A. Smolia* 
Ukrainian Research Center of Environmental Health, Kiev-94, Ukraine 253660. 

The question of primary interest is loCm EMF effect on the functional state of the central nervous system on white rats. The animals were 
exposed to 1500, 1000,500 mW/cm2 /frequency repetition - 375 Hz, observation period - 10 sed during 4 months. 12 hours daily on the 
base of neurophysiological test. The bioelectrical activity of motor and sensomotor zones of brain cortex was studied by the magnitude of 
spectral density spontaneous and evoked /photostimulation 12 W EEG. Previously the animals were operated and the special carbon 
microelectrodes were implanted to the motor and sensomotor zones of brain cortex. The monopolar method of registration was used. The 
changes of bioelectrical activity were noticed during all period of exposure and after exposure. 500 mW/cm2 electromagnetic field caused 
the prevalation of activation process after the second, third and fourth months of exposure. It was expressed by increasing of spectral 
density of high frequency part of specaum, which includes alpha, beta and gamma waves. The same tendency was noted in the period of 
after exposure. lo00 mW/cm2 EMF caused the increasing of high frequency components in EEG after the first, second, forth months of 
exposure and also in the period of after exposure. The increasing of the low components was noted after the third month of exposure. 
1500 mW/cm2 microwaves showed the inhibition of functional state of CNS. The increasing of slow components of EEG/delta- and theta- 
waves/ during al l  period of exposure and the weak activation in the recovering period were established. The established changes show the 
dependence of response reaction on the level and duration of exposure as well as the long period of recovering. It is supposed the 
organism has the general slow system of reaction which can function for a rather long time after stopping of exposure, and looks like a 
feature of CNS reaction on EMF. 

I SESSION A-3: BIOLOGICAL RESPONSES TO MICROWAVES 
CO-CHAIRS: Richard Olsen and Henryk Komiewicz 

-1 
EXPERIMENTAL STUDIES OF BRAIN TUMOUR DEVELOPMENT DURING EXPOSURE TO 915 MHZ EM-FIELDS 
CONTINUOUS WAVE AND MODFATED AT 8,217 AND 50 HZ. L.G. Salfordl, A. Brun2 and R.B.R. Persson3. Departments of 
'Neurosurgery, 2Neuropathology and Radiation Physics, Lund University Hospital, S221 85 Lund, Sweden. 

It has been suggested that EMFs act as a promoter late in the carcinogenesis process. Hitherto, however, no convincing laboratory 
evidence has been obtained indicating that EMFs cause tumour promotion at non-thermal exposure levels. 
We have investigated the effects of EMF exposure in a rat brain glioma model. The exposure of 915 MHz microwaves, was both as 
continuous waves (1 W), and modulated with 217 and 8 Hz in 052 ms pulses (2 W/pulse), and modulated with 50 Hz in 6.62 ms pulses (2 

The SAR values for the CWexposure with 1 W/pulse was 1.67 W/kg. For 217 Hz modulation frequency the SAR value was 0.41 W/kg. 
For 8 Hz modulation the SAR value was as low as 0.016 W/kg at 2 W/pulse. Therefore we also performed experiments at 10 and 20 W per 
pulse, which resulted in SAR-values of 0.08 and 0.16 W/kg respectively. 
Fischer 344 rats of both sexes, weighing 150 - 250 g, were used in the experiments. By stereotaxic technique 5000 RG2 cells in 5 pl 
nutrient solution were injected into the head of the right caudate nucleus in 94 experimental rats and 94 matched controls. The exposed 
animals were kept unanaesthetized in well ventilated TEM cells producing 915 MHZ continuous or modulated microwaves. Exposure was 
started on day 5 after inoculation. The animals were exposed for 7 hours a day for 5 days a week during 2 - 3 weeks. The controls were 
kept in an identical TEM cell without EMF exposure. All brains were examined histo-pathologically and the tumour size was determined. 
Our study does not show signifhnt differences in tumour size between animals exposed to 915 MHz microwaves modulated at 217 Hz 
and 8 Hz, and those not exposed. Our results at these modulating frequencies do not support that even an extensive daily exposure to EMF 
promotes tumour growth when given from the frfth day after the start of tumour growth in the rat brain until the death of the animal. No 
significant differences are seen between the animals exposed to CW and the animals exposed to modulated fields. Although there is a 
slight increase in tumour growth for CW EM-field exposure while there is a decrease for 217 and 8.33 Hz modulated fields. For 217 Hz 
modulation frequency the average tumour size in the control animals almost significantly ( ~ 0 . 0 7 )  exceeds the average size in the exposed 
animals! 
The animals exposed according to 915 MHz modulated at 50 Hz, exhibit in average slightly larger tumours but with no significant 
difference between exposed and controls. The p-values are 0.58 and 0.59 for tumour (RG2+N32) volume and area respectively. The p 
values are 0.59 and 0.45 for tumour (RG2) volume and area respectively. 
In conclusion our results do not support that either continuous or modulated 915 MHz EMF significantly promote tumour growth in the rat 
brain. 

Wlpulse. 
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IA-3-2- 
LOW-ENERGY ELECTROMAGNETIC FIELDS ALTER THE EXPORT OF PUTRESCINE FROM CULTURED 
MAMMALIAN CELLS. C.V. Byusl, L. Hawell, R.R. Tjandrawinatal an W.R. Adey2: 'Department of Biochemistry and Division of 

92357 USA. 

The polyamines putrescine, spermidine and spermine are required for the continued proliferation and differentiation of all eukaryotic cells. 
While the exact function of the polyamines mediating these processes remains incompletely characterized, it has been shown by numerous 
investigators that the highly-regulated and inducible biosynthesis of polyamine metabolism remains one of the most important events 
during these growth responses. Some evidence supports the suggestion that polyamine metabolism may be regulated abnormally during 
the transfonnation process which ultimately leads to a selective growth advantage for cancer cells. However, such evidence implicating 
transformation- or promotion-specific abnormalities in polyamine metabolism have not been clearly established as a "general 
phenomenon". Our laboratory for many years has studied the regulation of polyamine metabolism during the onset of rapid growth and 
proliferation and during tumor promotion and tumorigenesis. We have further established that exposure of cells to low-energy 
electromagnetic fields (amplitude-modulated RF fields 16 Hz magnetic fields as well as pulsed-magnetic fields) are all capable of leading 
to increases in the activity of the enzyme ornithine decarboxylase (ODC), the rate-limiting enzyme in polyamine biosynthesis. In order to 
attempt to determine the m e r  in which field exposure leads to increases in ODC activity we have investigated a number of potential 
regulatory sites for this phenomenon. While we have not found any effect of field exposure on alterations in the mRNA specific for ODC, 
we have observed a signifhut effect of field exposure of the export or efflux of the polyamine putrescine from inside the cell to outside 
the cell. Both a 16 Hz modulated RF field and a pulsed magnetic field were capable of altering significantly the export of putrescine from 
cultured Reuber €I35 rat hepatoma cells. In control or unstimuhted cells the fields had a inhibitory effect on putrescine export. In a 
further attempt to characterize this export system, we have determined that the export of putrescine from cultured cells appears to involve a 
membrane transport system and involve a process similar to facilitated diffusion. Recent experiments further implicated the role of 
extracellular calcium in mediating the putrescine export. The drug verapamil (an inhibitor of calcium influx into cells) resulted in a dose- 
dependent inhibition of putrescine export with an IC50 of 1 pM without any change in the intracellular concentration of putrescine. 
However, when the cells were cultured in a calcium-free medium, putrescine export was not altered and verapamil continued to be able to 
inhibit the efflux of this diamine. Thus, the ability of verapamil to lead to an inhibition of putrescine export does not appear to be due to the 
presence of extracellular calcium. Additional experiments employing a host of pharmacological inhibitors of transport processes and 
protein kinases indicated that the export of putrescine also did not appear to require the presence of intracellular calcium, sodium, be 
affected by intracellular pH, nor to involve a variety of protein kinases including protein kinase C and calcium-calmodulin dependent 
protein kinase. In addition, we have observed a marked dose-dependent inhibition of putrescine export .by quinine. The data as a whole 
suggests that verapamil and quinine are binding to a specific site on an integral membrane protein which mediates the selective export of 
putrecine from the cells. Such protein and the export process would appear to a molecular target for the electromagnetic field effects 
observed above. We hope to be able to further study these phenomenon in a cell-free system employing isolated membrane vesicles where 
potential .mechanisms can be examined in detail. 
This work was supported by Department of Energy, Office of Energy Storage and Distribution, Contract DE- A101-85CE76260. 

Biomedical Sciences, University of California, Riverside, CA 92521 USA. f Jerry L. Pettis Memorial Veterans Hospital, Loma Linda, CA 

m-j 
THE ACTION OF MEDIUM FREQUENCY CURRENTS UPON CELL MEMBRANE DEPENDENT PROCESSES. G. 
Knedlitschek*, J-C. Stein*, G. Yiping*, A. Seidel* and H. Derringer*. Nuclear Research Center, Institute of Toxicology, 76021 Karlsruhe, 
Germany. 

Electric currents of medium frequency (in the range of 4 kHz) with low frequency amplitude modulation are widely used in electrotherapy. 
These currents, known as "interferential currents" (IFC), act upon excitable tissue and are very effective, for example, in muscle 
stimulation and reduction of pain, inflammations and oedemata. Several clinical observations suggest that IFC may also interact with non- 
excitable cells in the body. Here we report on experiments performed with cultured cells aiming at elucidating the possible mode of action 
of IFC. 
Assuming that electric fields caused by IFC mainly act upon the cell surface we studied several effects triggered by their interaction with 
the cell membrane. In particular, we measured the influence of IFC upon the cellular second messenger CAMP, gap junctional intercellular 
communication and the release of cytokines by immuno-competent cells. In all experiments cells were exposed for short times (5 to 15 
minutes) within the medium. Low frequency-rrdulated 4 kHz currents were obtained from a signal generator and applied via internal 
electrodes. Current density was 250 Wcm2. 
Cyclic AMP was analysed in SV40 transformed 3T3cells immediately after exposure by radioimmunoassay. We observed a pronounced 
dependence of cellular cAMPcontent upon modulation frequency within the range of 5 to 150 Hz. At frequencies near 50 Hz we found a 
significant decrea~e to about 7~ of the control; a similar effect was also observed with nonmedulated currents (4 ICHZ, zo Wcrn2) as 
we reported earlier (15th annual BEMS meeting 1993). The other modulation frequencies caused a more or less pronounced, but mostly 
not significant, increase (max. 120% of the controls). 
Intercellular communication via gap junctions, accepted to be correlated with differentiation, was investigated by lucifer yellow dye 
exchange experiments. Preliminary results indicate a stimulation of this function with only minor influence of modulation frequencies. 
When exposing HLdO-cells, that were differentiated to macrophage-like cells, we determined the concentration of Tumour Necrosis 
Factor secreted into the medium (2 h after exposure) to be increased to approx. 250% of the controls. 
According to these results, IFC may, depending upon modulation frequency, act like biochemical inducers or antagonists of signal 
transduction. Together with stimulation of intercellular communication (related to cellular differentiation processes) and the sfunulauon of 
immunological responses, these data stress a wide scope of therapeutical IFC-applications. 
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IA-341 
NON-THERMAL MECHANISMS IN THE BIOLOGICAL EFFECTS OF 27.12 MHZ PULSED RADIO FREQUENCY EMF 
SIGNALS. A.A. Pilla, B. Crookes*, A. Chiabrera, JJ. Kaufman, P.R. Nasser* and DJ. Muehsam*. Bioelectrochemistry Laboratory, 
Department of Orthopaedics, Mount S i  School of Medicine, New York, NY 10029 USA. 

The therapeutic EMF signal considered here involves the use of a short wave pulsed radio frequency (PRF) signal consisting of a 65 pec 
burst of 27.12 MHz sinusoidal waves repeating between 80 and 600 Hz, inducing maximum electric fields in the V/cm range. In 
comparison, the P E W  waveform in current orthopaedic clinical use induces maximum electric fields in the mV/cm range at frequencies 
below 5 kHz. An estimate of the exogenous electric field at the target has been obtained by measurement of the induced voltage in a 
cylindrical saline tissue equivalent (diameter = 20 cm, height = 5 cm and resistivity = 0.2 S) for a typical 25 cm diameter pancake coil PRF 
applicator used clinically. A specially constructed and calibrated magnetic field probe coil was employed. The applicator coil was placed 
in a platform which allowed the probe coil to be accurately moved along each of the three axes. The results demonstrate that the majority 
of the magnetic field is normal to the applicator surface at distances to approximately 10 cm (in air), and for radii not exceeding 7 cm. The 
decay of the magnetic field follows the expected inverse third order relationship with distance from the applicator surface. The peak 
magnetic field is approximately 1 G, and the corresponding induced electric field for a 1 cm diameter loop is of the order of 1 V/cm at 
27.12 MHz, and at the maximum power output of the PRF generator. This induced E is significantly larger than that from PEMF bone 
repair signals, but at a much higher frequency. However, examination of the frequency spec- of both PRF and PEMF signals reveals 
that both waveforms have components of similar amplitude in the low frequency range (1-lOOO Hz). The possibility that the low 
fresuency components of the PRF signal can act on the same target pathways as those of the PEMF waveform was examined with the cell 
array model. A distributed parameter electrical analog (transmission line) allowed the induced transmembrane voltage, VM, to be 
evaluated as a function of frequency and position along the array using three linear membrane models: (i) Simple = membrane capacitance 
in parallel with a DC leak pathway; (ii) simple + ion binding; (iii) simple + ion binding + follow-up biochemistry. The results show that 
maximum spatial amplification (VM/LE. L = array length. E = amplitude of induced electric field from the PRF signal) increase 

times greater than that for a 10 pn single cell. The cell array acts as a low pass filter allowing the low frequency components of the PRF 
signal to generate a detectable voltage across the cell membrane. To show this, evaluation of the corresponding si to thermal noise 

mm cell array. This corresponds favorably to the transmembrane SNR obtained for PEW signals. Thus, PRF signals in common clinical 
use can induce sufficient voltage in the low frequency range to satisfy the dielectric response of physiologically relevant cell and tissue 
structures. Note, however, that a considerable portion of the energy of the PRF signal, while not inducing significant transmembrane 
voltage changes at 27.12 MHz, does get deposited in the target. A portion of this energy is certainly thermal, however the induced voltage 
is high enough to also cause signifhnt electrokinetic effects, such as electrophoretic movement of ions or even cell membrane surface 
receptors. It thus appears there may be several non-thermal target pathways in the overall mechanism for broadband PRF bioeffects. 

hyperbolically as array length varies from 10 pm (single cell) to 1 mm. Actual spatial amplification for a 1 mm array is more than 1 4 
ratio (SNR = VM/RMS, where RMS is the integrated thermal noise), leads to an EMF sensitivity of approximately 10- * mV/cm for a 1-10 

IA-3-51 
EVALUATION OF THE ACH-RECEPTOR CHANNEL'S GATING COMPLEXITY VARIATION DUE TO MICROWAVES 
FIELDS EXPOSURE. M. Abbate*l, G. D@, A. Palombo*2 and L. Tarri~one*~. lDe t. of Electric Engineering and Infoxmation, 
University of Palermo. 2Dept. of Electronic Engineering, "La Sapienza" University of Rome. ?EM ECSEC, Rome, Italy. 

Recently, the investigation of properties of physiological system, and of their structure has get advantage by the development of fractal 
theory [l]. The Hausdorf dimension D, based on the analysis of spatial or temporal self-similarity of complex systems, is a measurement 
of its eventual fractal behaviour. This kind of analysis, together with other studies, as those based on the analysis of power spectral density 
(PSD), is a possible approach to understand complex systems. In the study of ionic channel's gating the fractal behaviour can support the 
existence of several conformational states for membrane protein channel [2]. The first step to verify an eventual effect due to the 
microwaves exposure on typical fractal parameter just like the time self-similarity has been its measurements on some experimental data 
[3]: the frequency of openclosed transitions has been computed, with Merent time resolution. This means that for a certain time scale ts 
only transitions taking pIace after a dwell-time longer than were take into account. After this a log-log plot of the transition frequency 
vs. ts is done. From such a kind of plot, D can be calculated. Referring to our previous work [41 here we use the fractal theory as a tool to 
evaluate the variation in the complexity of the ACh channels behaviours when we apply a microwave (MW) exposure (as in [3]). Starting 
from the log-log plot for the MWexposed ACh channels, a change in the stability of the system is shown, with respect to the control 
channels. A further statistical analysis of the characteristics of the patch clamp signal, together with a PSD one, has suggested a variation 
of the number of possible conformational sub-states between the open and the closed ones. This observation can be linked with the 
superposition of two effects: a noise an Lorentzian noise. The fmt could drive to self-critically organization's models, the second could be 
a straight way to evaluate some relaxation constant of the systems. As for the PSD analysis an evaluation of the current signal fluctuation 

been performed, in the unexposed and exposed situation, putting forward an EM effect on the form of the disuibution that change both 
111 the mean value and in variance. 
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In figure the variation of the slope of the log-log plot indicates a presence of metastable points in a) unexposed and b) exposed situation. 
1. Mandelbrot, The Geometry of Nature, 1984. 
2. Liebovitch and Koniarek, BEE Eng. in Med. and Biol., p. 53, June 1992. 
3. Bernardi, G. D'lnzeo, F. Eusebi, C. Tamburello, Alta Frequenza, Vol LVIII, n04; July 1989, pp. 355-360. 
4. Dhzeo et al., Transaction of 2nd Congress of The European Bioelectromagnetics Association, December 9-11,1993, p. 52 

A SET P FOR MEASUREMENT OF INTRACELLULAR CALCIUM DURING HIGH FREQUENCY APPLICATION. S. 
U. Neibig*2, R Elsner4, F. G~llnick*~ and R. MeyerQ. lInstitut fur Strahlen - und Kernphysik der Universitat BOM, D- 

53 1 15 Bonn, Gemany. 2*Institut fur Nachrichtentechnik, Braunschweig, D-38092 Braunschweig, Germany. 3Physiologisches Institut, 
Universitat Bonn, D-53 11 1 Bonn, Germany. 

The intracellular calcium concentration. [Ca2+]i, plays an important role in controlling cellular events like movement, contraction or cell 
division. If electromagnetic fields have influence on cellular activities, this is probably reflected in the [Ca2+]i. Therefore many efforts 
have been made to measure the [Ca2+]i during the application of electromagnetic fields. Especially in the case of ELF-fields (e.g. 50 Hz) 
numerous investigations have been carried out, whereas little attention has been spent on the influence of high frequency fields on [Ca2+]i. 
We have constructed a setup which allows measurement of the [Ca2+]i during application of high frequency electromagnetic fields. It 
consists of an inverted microscope equipped with computer controlled epifluorescence illumination and an image analysis system for ratio 
imaging. 

\ 

A high frequency pxnsversal p;lectromgnetic field with a field strength of 14 = 300 f Z 24.3 - 1 ::J 
is applied in a TEM-cell with a cubic middle section of 7 cm edge length. This TEM-cell is mounted on the stage of the inverted 
microscope. Inside the TEM-cell is an experimental chamber with a probe volume of 200 pl, which contains the cells and has facilities for 
perfusion and temperature control. The bottom of the chamber consists of a glass cover slip sandwiched with a wire-mesh, which is 
connected to the external conductor of the TEM cell. To generate a homogenic electric field in longitudinal direction of the TEM-cell, the 
characteristic impedance is 5On 332 in the middle section, the coaxial end parts, and in the transitional parts. Using a SLRD power signal 
generator (Rohde & Schwan. BN 41004/50) with a power of 3 W it is possible to apply fields in a frequency range from 0.8 GHz up to 1.9 
GHz, which is relevant for digital communication. This generator can be pulsed b rectangular signals from an external device. In 

The use of lenses with high aperture and low working distances is possible (Zeiss Ultrafluar 100x, aperture 1.3). Up to 30 cells can be 
visualized simultaneously. Continuous application of 0.9 GHz with 2 W for 5 minutes did not seem to change the [Ca2+]i in these cells 
(n=23). Experiments with various frequencies, energies, and pulsation patterns on different cell types are in progress. 

preliminary experiments the suitability of the setup was tested by measuring the [Ca 2Y ]i as fura-2 fluorescence in cultured T-Jurkat cells. 
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IA-3-7) 
BIOLOGICAL EFFECT AND HYGIENIC ASSESSMENT OF ELECTROMAGNETIC FIELD. I.S. Bezdohava and Y.D. 
Dumansky. Ukrainian Scientific Centre of Environmental Health, 253660 Kiev, Ukraine. 

The main purpose of this investigation was to estimate biological significance of EM fields as to their biochemical, immune, 
embryological, cytogenetic, electrophysiological and behavioural indices. 
Conditions of experiment. EM field parameters: frequency - 24, 14 and 4 MHZ. intensity - 400,200 and 100 V/m. Equipment: special 
device of transmitting line class with tramverse waves - as irradiating system to simulate lines with parallel plates and predominant TEM- 
wave mode (flat running wave); standard 5 kW transmitter "Vjaz" - as EM field generator. Area of irradiation: 2xl,Sx1,3 m. Objects of 
investigation: rats. Quantity of animals: 200. Period of exposure: 2 months (16 hours a day). Criteria of estimation: statistically 
significant differencies observed in animals exposed to EM field in comparison with that of control group. Unevenness of irradiation in 
the area of exposure: f 10% 
Results of experiment. Returned reactions of organism under the influence of EM field were characterized by: activation of enzymes of 
protein exchange (asparagic and alanine aminotranferases) (24, 14 MHz; 400,200, lo0 V/m); inactivation of oxidizing energy formation 
which expressed itself in changes in the activity of mitochondrions' enzymes with tied membranes; immunodefkit in cells and humoral 
links of immune system. In the first place there were observed changes in cell-dependent reactions and then - in humoral. 24, 14 and 4 
MHz EM field (400 V/m) caused activation of autoimmune processes. 100 V/m EM field, notwithstanding its frequency: suppressed cells 
immune reactions; increased quantity of intra-uterine deaths of fetuses; decreased quantity of alive fetuses; increased chromosomes 
aberrations in hepatocytes (24, 14 MHZ, 400,200 V/m); increased spectrum power of B- and y-rhythms of motor and sensonotor cortex 
zones (24,4 MHz) and synchronization in 8- and a-rhythms areas (14 MHz); oppressed moving and conditioned reflexes activities (24.4 
MHz; 400, 200 V h ) .  Since that experiment was mathematically planned as two-factor one (time-level), then calculation of maximum 
admittable level for a man was based upon the analysis of regression quadratic equation. There were calculated regression coefficients and 
their dispersion characterising reproduction of investigation's results error. Probability estimation of risk was taken into account for 
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influence of factor during 25 years as well as extrapolation coefficient animal-man. Taking in consideration the data obtained in that 
experiment and all retrospective parameters, the following maximum admittable levels were recommended: for 24 MHz EM field - 3 V/m; 
for 14 MHz EM field - 3 V/m; and for 4 MHz EM field - 5 V/m. 

SESSION A-4: RF AND MICROWAVE DOSIMETRY 
(Joint BEMS-URSI Session) 

CO-CHAIRS: Paolo Bernardi and Jorgen Andersen 

FRONT-SURFACE, MICROWAVE-INDUCED SAR IN A SUIT-PROTECTED HUMAN MODEL. BJ. Van Matre* and R.G. 
Olsen. Naval Aerospace Medical Research Laboratory, Pensacola, FL 32508-1046 USA. 

To gain additional information about specific absorption rate (SAR) reduction afforded by a commercially available protective garment, 
we used nonperturbing temperature probes to record irradiation-induced heating in a full-size, muscle-equivalent human model at 
microwave frequencies of 1.0,6.0,8.5, and 15.0 GHz. The protective suit was constructed of Naptex PM-30 fabric, and continuous wave 
(CW) beam intensities of 50 to 100 mW/cm2 were used for 3-min irradiations of the chest region or the face. Localized SAR was 
calculated from the temperature-probe data for both unprotected and Naptex-protected conditions. In addition, we recorded the front- 
surface temperature rise of the fabric d d n g  irradiations with the suit. Internal probe sensors (Vitek-type) were typically placed 3.0 mm 
behind the chest surface of the model in the center of the beam. Results showed that SAR reduction factors ranged from 7 in the chest area 
at 6.0 GHz to 95 in the face screen area at 1 .O G&. The average SAR reduction, by frequency, was a factor of 45 (approximately -14.6 
dB). Temperature rise of the irradiated fabric was about 2 O C  for all frequencies and reached this plateau usually within 60-90 s of 
irradiation. In addition, no evidence of arcing or spark discharge was found. We conclude that Naptex is useful in reducing SAR in 
workers exposed to conditions similar to these. 

j T i q  
INVESTIGATIONS ON ANTENNAS FOR HAND-HELD TELEPHONES WITH MINIMUM EM-FIELD EXPOSURE OF THE 
USER. V. Hombach* and H. Thielen*. University of Zurich, Deutsche Bundespost Telekom, 64276 Darmstadt, Germany. 

The EM-field exposure of the user of a hand-held telephone depends on the type of the antenna and on its mounting position on the handy 
surface. A theoretical and experimental study was carried out for a mobile telephone of Telekom's "C net" (analog, 450 MHz, maximum 
radiated power PT = 0.75 W) using various antenna types: (i) AJ2 dipole, (ii) u4 monopole, (iii) hn monopole, and (iv) matched shortened 
monopole (inductance-loaded). The field analysis was performed by computer simulations applying the software packages CONCEPT 
(based on the surface integral equation technique) and MAFIA (based on finite integration technique with time-domain solver). The 
simulation model consisted of (i) a metal box with antenna for the telephone, and (ii) a simple homogeneous ( E ~  = 50, r~ = 1 S/m) phantom 
for the user including a cylindrical head with spherical caps, a part of the upper torso, an arm and a hand holding the telephone (Fig. 1). 
Measurements were carried out for the near field of the telephone (without user) and for the radiation pattern (with and without user). A 
comparison of the maximum SAR (specific absorption rate) values and of the total power, PA, absorbed in the user relative to the radiated 
power, PT, show 
significant differences 
for the various antenna 
types (Fig. 2). For the 
design of hand-held 
telephones creating 
m i n i m u m  E M  
exposure of the user 
several rules have to 
be regarded: 

- The distance between 
the mounting position 
of the antenna on the 
telephone box and the 
surface of the user's 
head should be 
maximum. 

- Decoupling of 
antenna and telephone 
box is mandatory. It 

Fig. 1 Simulation model 
dlBtonCe antenna t o  haad 1 cm 

Fig. 2 a) Peak SAR values (averaged over 10 g of tis- 
sue) and b) absorbed power PA relative to radiRted 
power PT for various antenna types versus the di- 
stance between antenna a d  head surface 
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can be well accomplished by providing a h/2 monopole or a loaded monopole. 

- The exposure rate can in addition be decreased by raising the feeding point of the antenna by means of a coaxial extender. 

piq 
CURRENT PROBE FOR MEASUREMENTS OF CURRENT DISTRIBUTION IN HUMAN BODY IN THE HIGH- 
FREQUENCY RANGE. K. Jokela and L. Puranen*. Finnish Centre for Radiation and Nuclear Safety, FIN40101 Helsinki, Finland. 

High-power sources such as industrial high-frequency heaters and broadcast installations cause intense electric and magnetic fields which 
induce RF currents in human body. If body currents exceed 100 mA substantial heating may arise especially in narrow parts of the body 
such as in ankles and wrists. The exposure assessment based on body currents is closer to the actual exposure of tissues than the exposure 
assessment based on external electric and magnetic field strengths. So far it has been possible to measure the body currents only in 
selected parts of the body. If the body is in good electrical contact with the ground, the currents flowing through the ankles can be 
measured with a parallel-plate meter on which the exposed individual person is standing. Ferrous and non-ferrous current transformers 
have been used for the measurements of body currents in limbs where the cross-section is small enough to fit in the small aperture of the 
transformers. In the present study we have designed a non-ferrous current transformer where the circular aperture is large enough (dim. 
40 an) to fit round the whole body. The present prototype consists of a PVC tube which includes a 2 mm copper wire having 18 loops of 
18 mm diameter at equal intervals. The tube has been shielded against interference due to electric fields with an aluminum foil having a 
circumferential gap so that the foil does not interfere with magnetic fields. The output of the transformer has been equipped with a 200 to 
50 ohms balm transformer. The voltage induced in the output terminal is measured with a p i a l l y  designed small battery operated RF 
millivoltmeter. The tests performed in front of an adjustable monopole antenna show that the transfer impedance (Uouflw ) is 200 mi2 
at 27 MHz decreasing to 75 mR at 10 MHz due to the Faraday's law. The current probe operates well at least up to 40 h without 
resonances. Below 40 M H z  the variation of the output voltage as a function of the position of a test current is relatively small increasing 
less than 16% when moved from the central position toward the tube. The variation of the output voltage as a function of the filling of the 
aperture seems to be small; i.e. the currents flowing through thin conductors give approximately same results as those flowing through the 
actual body filling the whole aperture. 

IA-4-4 1 
STUDIES OF RF ABSORPTION IN THE HUMAN HEAD. P.S. Excell*, N.N. Jackson and P. Olley*. University of Bradford, 
Bradford BD7 lDP, U.K. 

The objective is the creation of a flexible high-resolution simulation of the propagation of electromagnetic waves in the human head. 
Ultimately, a resolution of 1 mm is intended, although most work so far has been with 2.5 mm resolution in order to limit the 
computational task. A finite-difference time-domain software package has been selected for this work. The dielectric properties for a 
range of significant tissue types are being determined by collaborating researchers (London University). The programme includes the 
validation of the techniques using spheres to simulate the head, both in software models and in hardware realisations investigated in an 
anechoic chamber. The frequencies chosen for detailed study were 900 and 1800 MHz. Initial work involved modelling of lossy dielectric 
spheres approximately simulating the human head. The results were checked against the predictions of an analytical method (Mie Series) 
and hardware tests in an anechoic chamber. It was found that, with plane-wave irradiation of the spheres (20 cm diameter) a focused 
region appeared near the centre but displaced slightly in the direction of propagation of the wave. It was found that the occurrence of this 
region could be predicted quite accurately by using the Lens Maker's Equation. In order to model the head accurately, a high-resolution 
MRI image of a real person was used. Noise artefacts in the image were removed and the .Contrast was homogenised across the whole 
image. It was concluded that a fully automatic tissue classification procedure was not possible and hence the image was classified by 
applying some simple automatic algorithms and then manually editing the result, slice-by-slice, such that the ultimate map of tissues was 
physically reasonable and in agreement with anatomy textbooks. This head model has been used (with 2.5 mm resolution) to predict the 
SAR dismbution under irradiation by a simulated hand-held transceiver. Work is in progress to improve the resolution to 1 mm, using a 
vector processor. The results showed maximum SAR in the outer ear adjacent to the transceiver; no focused regions were formed, 
although there was a weak standing wave effect towards the opposite side of the head. 
Acknowledgements 
This work is funded by the 'LINK' Personal Communications Programme of the UK Science and Engineering Research Council and 
Department of Trade and Industry. 

IA-4-5 I 
SUBDIVISION OF LARGE MODELS IN FINITE-DIFFERENCE TIME-DOMAIN SIMULATIONS FOR MICROWAVE 
DOSIMETRY. C.M. Furse* and O.P. Gandhi. Department of Electrical Engineering, University of Utah, Salt Lake City, UT 841 12 USA. 

The finite-difference time-domain (FDTD) method is now commonly used for computer simulations of the interaction of electromagnetic 
fields with the human body. The frequency range of these simulations is steadily being pushed higher, as in the case of cellular phone 
studies at 835 MHz, and about 2 GHz for future systems. Another high-frequency application is the evaluation of the relaxation of the 
ANSI safety standard from 5 to 10 mW/cm2 for frequencies above 3 GHz. As the frequency of interest is increased to the microwave 
range, higher-resolution models are needed and are being developed using MRI scans. The model used in this study, for instance, has a 2- 
mm horizontal resolution and 3-mm vertical resolution, resulting in nearly 20 million cells in the whole-body model. It is not feasible or 
desirable to analyze the complete model with available computer resources. In many simulations, only certain regions of the body, such as 
the head, are of interest. In addition, at microwave frequencies the power deposition is highly superficial, so the interior or back parts of 
the model may be neglected. For these high-frequency, high-resolution simulations, truncation of the model is essential to conserve 
computer resources. This paper describes, demonstrates, and compares three methods of truncating the model, and analyzes the errors 
associated with model truncation. The first method of truncation is to simply truncate the model and allow air to surround the shortened 
model in the FDTD simulation. This allows fields to artificially pass into the truncated region, and results in fairly high errors in the 
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regions around the truncation plane. The second, more accurate, method is to enforce the continuity of fields at the truncation boundary. 
These two methods were compared for the layer averaged specific absorption rate (SAR) of an elongated cube of 213 muscle tissue. The 
second truncation method provided results with less than 15% error for all layers, but required 20-30 layers beyond the truncation plane to 
reach an error less than 10%. When the frequency is high enough that the power deposition is highly superficial, a third method of model 
truncation may be used to ignore the back (shaded) side of the model. The back absorbing boundary is moved part way into the model, 
where the fields are considered to be negligible. This method is demonstrated for the high-resolution head model. This paper also 
demonstrates how these methods of model truncation could be used to analyze the whole-body model by combining subsections. We will 
also show the color graphical displays of SAR dismbutions for selected sections of the body for exposure to microwave irradiation. 

(A-461 
RF CURRENTS INDUCED IN THE HUMAN BODY FOR MEDIUM-FREQUENCY/HIGH-FREQUENCY BROADCAST 
ANTENNAS. K. Jokela and L. Puranen*. Finnish Centre for Radiation and Nuclear Safety, FIN40101 Helsinki, Finland. 

Radio-frequency (RF) currents induced by high-frequency (HF) and medium-frequency (IvlF) high-power broadcast antennas in the human 
body were studied theoretically and experimentally. An analytical formula was derived for the calculation of the foot currents in a 
grounded semi-spheroidal model of the human body. The semi-spheroidal model agrees within 30% with the results given by the standard 
formula presented by Gandhi (1985) on the basis of measurements with humans. Near 100 kHz the semi-spheroidal model predicts a 
decrease of 14% of the current dissipated in the human body, which is due to the B relaxation of the cells. The effect of the body and foot- 
contact impedances were studied with the aid of a simplified equivalent circuit which showed that the body impedance does not 
considerably affect the foot current below 10 MHz. Body currents and vertical electric field strengths were measured in front of an MF 
monopole antenna and an HF curtain antenna at the Pori broadcasting station. The average transmitted power was 600 kW at 963 kI3.z in 
the case of the MF antenna and 500 kW at 21.55 MHz in the case of the HF antenna. The normalized foot currents measured in front of 
the broadcast antennas were within 30% in agreement with the currents calculated with the Gandhi formula from the vertical electric field 
strengths measured at a height of 1 m. The foot currents are induced by vertical electric fields for both MF and HF antennas in spite of a 
strong horizontal component in the latter case. The occupational exposure limit of 200 mA was exceeded at a distance of 50 m from the 
HF antenna where the vertical electric field strength was 20 V/m. In the case of the MF antenna the measured foot current and vertical 
electric field strength were 150 mA and 500 V/m, respectively, at a distance of 10 m from the antenna decreasing monotonously as a 
function of the distance. 

MEASUREMENT OF RF INDUCED ANKLE CURRENTS.. V. Anderson* and K.H. Joyner. Telecom Research Laboratories, 
Clayton, VIC 3168, Australia. 

Measurements of the electrical current induced in the ankles of a subject exposed to radiofrequency (RF) electromagnetic radiation have 
been compared using two functionally independent devices: a resistive plate and a current probe. Readings were taken with the subject 
wearing various footwear, in a variety of postures over perfect and imperfect ground planes at frequencies ranging between 0.7 and 87.5 
MHz. The development of methods for reliably measuring ankle currents has become necessary since the addition of a 100 mA per leg 
ankle current limit to the Australian standard, AS2772.1 - 1990, governing safe exposure to RF fields. The resistive plate consists of two 
metal plates physically separated by a dielectric and electrically connected by a 10 ohm resistor. It functions as a voltage divider which is 
inserted between the subject and the ground. The current probe, on the other hand, is a voltage transformer which is clamped around the 
ankle of the subject. The two devices were trialed on a 1.82 m tall male subject under identical exposure conditions. Agreement between 
the two devices and with other reported results was excellent on a perfect ground plane consisting of a metal wire mesh. However, 
measurements taken on plain earth imperfect ground showed wider variation between the devices and were significantly lower than the 
measurements on the perfect ground plane. It is postulated that the perfect ground increases current flow by enhancing the return path for 
the current flow between the subject and the antenna. Barefoot measurements on imperfect ground were significantly higher for the 
resistive plate than for the current probe, possibly because the resistive plate artificially enhances the electrical coupling of bare feet to 
ground. Agreement between the devices was much better when the subject wore various footwear, though the resistive plate seemed to 
indicate the onset of whole body resonance at lower frequencies than did the resistive plate. Measurements in safety shoes gave the lowest 
results for both devices. In general the authors recommend the use of the current probe rather than the resistive plate for measuring ankle 
currents as we believe the probe gives more valid readings on imperfect grounds, is more rugged in construction and is easier to use when 
making ankle current surveys. 

SESSION B-1: ELF EXPOSURE ASSESSMENT 
CO-CHAIRS: Maila Hietanen and Clay Easterly 

p.xTq 
TIME VARYING MAGNETIC FIELDS INSlDE INCUBATORS FOR NEWBORN INFANTS. C. Polk1, D. $herlin*l, S. Wu*l 
and S. Mehta2. lDeparunent of Electrical Engineering, University of Rhode Island, Kingston, RI 02881 USA. Brown University 
Program in Medicine and Dept. of Surgery, Roger Williams General Hospital, Providence, RI 02908 USA. 

The power frequency magnetic field was measured inside three different types of commercially produced incubators that are commonly 
used in hospital nurseries. The motivation for this work was the suggestion by epidemiological studies of a possible relation between 
exposure to ELF magnetic fields and some types of childhood leukemia. In all three incubators the amplitude of the magnetic fields was 
surprisingly high when all heaters were turned on. In incubator "A" all heaters and a hot air blower are either "on" or "off'. In incubators 
"B" and "C" the hot air blower and one or more heaters are turned "on" or "off" depending upon the difference between the actual 
temperature in the incubator and a preset desired value. Measurements were performed with a unidirectional probe of a unit (EFM model 
116-3-60-01 10) made by "Electrical Field Measurements Company" which is calibrated to indicate millivolts corresponding to milligauss 
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(mG) on a "Metex" type 3800 voltmeter. Readings were taken in three mutually perpendicular directions at regularly spaced points lot: :d 
at the comers of approximately 4 x 7 inch rectangles into which the bed surface was divided. Depending upon the particular incubator 
type, the measured values of the field vary between 20 and 40 percent of the maximum value over a period between 2 and 5 seconds. 
Readings at one point in each incubator, located in the general region of maximum field intensity, were also taken with a calibrated pick-up 
coil, recorded on magnetic tape and subjected to spectral analysis in the laboratory. Harmonic content was relatively high as might be 
expected from stray fields originating with a small motor. Measurements were made with the center of the probe approximately 3/4 inches 
above the level of the bed surface in all three incubators and also 3 inches above that surface in incubator "A". In all three incubators the 
head of the infant may be placed at either end of the incubator - depending only upon the location of the incubator in the nursery (e.g. 
which side of the incubator faces a wall or other obstruction to the movement of the attending nurse). The head of the infant can therefore 
be located either in the positions of maximum or minimum field, since maximum and minimum of the field are located at either end. In 
incubator "A" the maximum field level at one point 3/4 inches above the bed surface was 289 mG and 99 mG at 3 inches above that 
surface. In incubators "B" and "C" the corresponding maximum values 3/4 inches above the bed surface were, respectively, 171 and 107 
mG. Since all incubators were available for measurement only temporarily, while not in active use within the nursery, we were not able to 
examine their sealed interiors below the bed level. In all three incubator types the desired heating of the space above the bed surface is 
accomplished by hot air circulation. It appears therefore that most of the measured field originates from the blower motor rather than the 
electric heating coils. This is also suggested by the non-uniform amplitude distribution. If this supposition is correct, it should not be 
particularly difficult to reduce field levels by using different fan motors, by magnetic shielding, or by motor relocation. 
This work was supported in part by N.1.H grant ES 05970. 

PILOT STUDY OF MAGNETIC FIELDS IN ELECTRIC VEHICLES. G.B. Rauchl, F. Dietrich*2, G. P~rcel l*~ and M. Samotyja 
IElectric Research and Management, Inc., Felton, CA 95018 USA. 2Electric Research and Management, Inc., Pittsburgh, PA 15238 USA. 
3 E l ~ t r i ~  Power Research Institute, Palo Alto, CA 94304 USA. 

Concerns about air quality in congested urban environments has prompted the formation of strategic alliances between the auto industry 
and electric utilities. The joint mission of this alliance was articulated around the need to develop commercially viable electric passenger 
and light cargo delivery vehicles (EVs) together with the necessary infrastructure to ensure technically sound and save vehicle operation. 
Coincident with concerns about air quality, questions were raised about possible health effects from exposure to electric and magnetic 
fields (EMF). Electric vehicles are viewed as a somewhat unique EMF source in that although their main energy sources are direct current 
storage batteries, the electric motor drives and auxiliary equipments are controlled by nonlinear electronic converters. The dcdc 
converters are designed to efficiently produce various levels of dc voltages required by the different EV system components. The 
combination of variable dc and ac current within the wiring and load devices on board EV's creates a very complex magnetic field 
environment. The objective of this pilot measurement study was to lay the groundwork for developing an EV EMF measurement protocol. 
Specific objectives included: (1) Identification of key protocol elements, including necessary instrumentation and vehicle operating 
regimes; (2) Increase familiarity with EV and battery charger technology as EMF sources; and (3) Characterize EV magnetic fields during 
vehicle operation and battery charging in the manner of previous work on existing electri transportation systems and appliances. Three 
types of instruments were used in the study, including waveform capture (MultiWave#M System), broadband rms (EMDEX II), and 
continuous waveform recording by a digital audio recorder (TEAC). An example of recorded dc/ac magnetic field waveform data from a 
"TEVan" vehicle is illustrated in Table 1. 
This work was supported by the Electric Power Research Institute. 
Table 1: TEVan Resultant Magnetic Fields (mG) During EPA Federal Urban Driving Test 

driver's seat, right, vertical; 
reference on middle passenger seat 

reference on middle passenger seat 
I I reference- 627 13.9 1.5 1 

IB-1-3j  
TRANSIENT MAGNETIC FIELDS PRODUCED BY SMALL ADJUSTABLE SPEED DRIVES. F. Dienich*2, G.B. Rauchl, M. 
Sam~tyj*~.  lElectric Research and Management, Inc., Felton, CA 95018 USA. *Elecmc Research and Management, Inc., Pittsburgh, PA 
15238 USA. 3Electric Power Research Institute, Palo Alto, CA 94304 USA. 

Electronic adjustable speed drives (ASDs) represent an application of modem power electronics that is proliferating due to the continuing 
improvements in and cost reductions of power electronic devices. The excellent control capabilities, high efficiencies, and competitive 
costs of ASDs have resulted in more frequent application of these devices in drive sizes of five horsepower or less. The widespread use of 
ASDs could lead to unanticipated electromagnetic compatibility in both the workplace and the home. Consequently, the steady state and 
transient magnetic fields associated with ASDs must be known so that control measures can be applied if necessary, and manufacturers can 
take steps to reduce undesirable field components. The overall objective of this work is to provide a systematic measurements approach to 
address ASD steady state and transient magnetic field characterization for a wide variety of drives operating into various load conditions. 
The resulting data will have several useful applications including: (1) Magnetic field environments near ASDs could be compared to those 
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near other devices currently accepted as compatible; (2) The magnetic field environment and line current characteristics of drives using 
different technology, in different sizes, or from different manufacturers could be compared; and (3) Manufacturers would have objective 
data on which to base design modifications or future designs for ASDs with lower current or field transients, lower fields, etc. The 
adjustable speed drive tested in this project consisted of a commercially available ASD controller and a 5 HP, three phase 208 volt 
induction motor. The motor was connected to an industrial blower containing a squirrel cage rotor 18 inches in diameter and 18 3/4 inches 
long via a standard drive belt and variable pitch pulleys. The controller varies the speed of the induction motor by adjusting the frequency 
of the three phase voltage supplied to the motor over she range of 0.5 to 60 Hz. An example of recorded magnetic field data is shown in 
Figure 1. 
This work was supported by the Electric Power Research Institute. 

Figure 1. Waveform of the longitudinal axis magnetic field three inches from the motor during a one second deceleration from full speed 
to stop. 

/B-14] 
ELECTROMAGNETIC SCREENING OF WORKING PLACE SITUATED AT INPUT OF lMDUCTIVE HEATER 1-3 KHZ/630 
KW. H.R. Korniewicz and K. Gryz*. Centralny Instytut Ochrony Racy, 00-701 Warszawa, Poland. 

LF inductive heaters, used for temperature increase of steel objects before forging, are mostly supplied with amplifiers of high power (400- 
630 kW) which is converted in the heating coil into energy of a magnetic field. As the coil of the heater is not screened, the field is 
partially dispersed outside of the heater and can be hazardous for operators. This case has been examined in a steel factory where 
Tchekoslovakian heaters IT0 630 have generated a magnetic field of intensity up to 250 A h .  
So slrong magnetic field has been measured at a space occupied by an operator in the time of handling steel objects (up to 2000 crn2/16 kg) 
from a metallic box to a slipper of feed mechanism. During this work the operator is at the input of the heating coil and some part of his 
body (hands) is situated as closely as 20-30 cm from open input surface of the coil. 
The investigation has shown that the best way to attenuate field intensity at the working place is to shield a platform on which the operator 
is standing. The steel sheets used as a shield are effective enough if they cover the floor and the sides of the platform up to about 1.3 m. 
This arrangement results in decrease of the magnetic field intensity at least 4.7 times. 
Field intensity measurements have been done by means of a meter MEH 1-100 kHz, designed by the Technical University of Wroclaw. 
All arrangements done at the working stands will be shown from a video tape record. 

p z q  
SURVEY OF THE 50 HZ POWER FREQUENCY MAGNETIC FIELD EXPOSURE OF THE SWISS POPULATION. S. Joss*l, 
M. Strat~nann*~, C. Wernli*2, U. KreuterQ, J. Baumann*l and N. KusteP. lFederal office of Environment, Forests and Landscape, 3003 
Bern, Switzerland. 2Paul Schemer Institut, 5232 Villigen PSI, Switzerland. 3Consult AG, 3097 Liebefeld, Switzerland. 4Federal Institute 
of Technology, 8092 Zurich, Switzerland. 

To assess typical background levels of power frequency magnetic fields and to identify main causes for elevated field levels, a study with 
some 500 volunteers was made. Most data was collected on work days with employees contacted through their company or institute. The 
participants were selected from different professions and work places and different areas of Switzerland. To complete the time range and 
the demographic spectrum, weekend periods and house-keepers were included as well. The resultant of the magnetic induction vector was 
recorded in the frequency range from 40 to 800 Hz at a sampling rate of 10 seconds with EMDEX-II instruments which were c d e d  by the 
participants over a 24 hour period. The 24 hour data series of each individual was split into 5 environmental categories: at work, 
commuting, at home, at rest, miscellaneous. For this reason the participants were instructed to press the 'event' button on the instrument 
when the environmental category changed and to fill out a simple protocol. A detailed questionnaire was distributed to characterize the 5 
types of environment. In this campaign an enormous amount of data was collected. Due to the lack of an agreed standardized metric for 
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magnetic field exposure, we chose a method of data reduction that allows for the determination of frequency distributions and percentiles 
for any group or individual measurement. The results are visualized by curves showing the fraction of time spent above a given value of 
magnetic induction. Since the measured values of magnetic induction span 4.5 orders of magnitude and small values have the highest 
occurrences, a. logarithmic scale is most appropriate. The preliminary results from 222 individuals (all environmental categories taken 
together) are shown in figure 1. 
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Figure 1: Relative time spent above a given value of magnetic induction 

Work is in progress to evaluate the differences between the environmental categories, identify important subgroups with increased 
exposure and the most important sources of power frequency magnetic fields for the different environmental types. 
Supported by the Federal Office of Environment, Forests and Landscape (FE 3 10.93.55) 

IB-161 
HISTORICAL VARIATIONS OF RESIDENTIAL POWER FREQUENCY MAGNETIC FJELDS. T. Dovanl, R. Owen1 and T. 
Bod2. IState Electricity Commission of Victoria, Melbourne 3001, Australia. 2Deparrment of Health & Community Services Victoria, 
Melbourne, Australia. 

In a number of epidemiological studies conducted to examine possible associations between residential magnetic fields and health 
outcomes, electrical wiring configurations (wire codes) near residences and/or contemporary measurements of residential magnetic fields 
were used for estimating historical exposures. The intriguing results reported in these studies relating health outcomes. wire codes and 
measured magnetic fields raise an important issue whether wire codes or contemporary measurements sufficiently reflect the historical 
exposure. In this study, magnetic field measurements were made in 47 residences located throughout the Melbourne metropolitan area in 
Victoria, Australia that had previously been. measured in 1987. The main objective of the study is to examine both the short- and long- 
term variations of residential magnetic fields and to determine their historical stability characteristics. A measurement protocol was 
designed to minimise the random variations inherent to the measurement procedure and insmentation. Measurement time and seasons in 
the 1987 study and in this 1993 study were matched to reduce the effects of daily and seasonal variations. Power frequency magnetic flux 
densities (MFD) were measured in several rooms inside, and at various locations outside the residence, including measurements under the 
adjacent powerlines and near the residence's main waterpipe. Short-term monitoring and spot measurements of MFD were made under 
low- and high-power-use conditions as defined in previous epidemiological studies. Results of MFD measurements made inside 
residences for low-power conditions and under powerlines in this study indicate a signifcant historical stability of MFD levels. The short- 
term (minutes) and long-term variations of MFD levels over the 6-year period were small in most cases. However, in about 10% of our 
study residences the historical changes were 2-fold or higher due to changes in the external and/or internal MFD sources. Furthermore, in 
some residences the variations of ambient MFD were significantly large due to changes from low to high power conditions. These 
observations suggest that reliable assessment of residential MFD may require the characterisation of both interior and exterior MFD 
sources. 

lB-l-/  I 
ANALYSIS OF OCCYPATIONAL MAGNETIC FIELD EXPOSURE USING EFFECTS FUNCTIONS. J. Zhangl. I. NY1,  M.G. 
Morgan' and J.D. Sahl . lDept. of Engineering and Public Policy, Carnegie Mellon University, Pittsburgh, PA 15213 USA. southern 
California Edison Company, Rosemead, CA 91770 USA. 

The incomplete science of bioelectromagnetics raises problems in defining an appropriate metric for exposure assessment and 
epidemiological studies. Based on evidence from biological experiments, one can define alternative effects functions that embody the 
relationship between field exposure patterns and hypothetical health effects. In this paper, we explore the application of the "effects 
function" approach to occupational exposure data. An EMDEX data set of power frequency (Le. 60 Hz) magnetic field exposure of utility 
workers at Southern California Edison Company were analyzed with several effects functions: average field strength, combination of 
threshold and exposure duration, and field strength changes. Results were compared for eight job categories: electrician, substation 
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operator, machinist, welder, plant operator, linemanhplicer, meter reader, and clerical. When comparing average field strength with other 
biologically plausible effects functions, the ranks of field exposure vary for these job categories. While the group of electricians has the 
highest exposure by average field strength, the group of substation operators ranks the fist for most of other effects functions. For the 
effects function of total number of field strength changes greater than 10 mG per hour, the group of plant operators experiences more 
exposure than others. However, the clerical group remains at the lowest end for all of these effects functions. This suggests that average 
field strength could be used as a surrogate of field exposure for simply classifying exposure into "low" and "high", but may not be valid (or 
may be misleading) when we perform exposure assessment for many job categories of utility workers who generally work in the "high 
fields. These results will improve occupational exposure assessment and the design and analysis of epidemiological studies. 
Supported by Southern California Edison Company (P.O. C2120915). 

~~ ~ ~~ ~~ 

SESSION B-2: MRI DOSIMETRY 
CO-CHAIRS: Carl Dumey and LE. Paulsson 

rB-2-11 
ELECTRIC CURRENTS CAUSED BY SWITCHED MAGNETIC GRADIENT FIELDS IN MAGNETIC RESONANCE 
IMAGING - NUMERICAL SIMULATION. D. SimUnic*l, P. Wach*l, W. Renhart** an R. St~llberger*~. lGraz University of 

for Fundamentals and Theory in Electrical Engineering, A-8010 Graz, Austria. !%Jniversity of Graz, Center for Magnetic Resonance, A- 
8036 Graz, Austria. 

Technology, Institute of Biomedical Engineering, Dept. for Biophysics, A-8010 raz, Austria. %i raz University of Technology, Institute 

Switched magnetic gradient fields are applied for spatial localization in Magnetic Resonance Imaging ( M U .  This pulse train induces 
electric currents in the exposed parts of the body. The currents are then responsible for various effects possibly occurring in a human 
organism during medical examination - for instance, eliciting an action potential in peripheral nerve fibers, or moreover stimulating cardiac 
muscle (with possible ventricular fibrillation). Since the last effect must be absolutely avoided, performing a calculation of the induced 
electric current distribution in the human body is a very important task. The complexity of the imposed problem (heterogeneous 
irregularly shaped structures with inhomogeneous frequency dependent dielecmc properties) makes it impossible to achieve an analytical 
solution. State-of-the-knowledge is such that the only possible way for obtaining the results is the performing a numerical simulation. In 
this work we found the calculation by Finite Element Method (FEM), a numerical method recognized in the other fields of technology as 
the one of the most accurate, as the most appropriate one. Applied FEM uses isoparametric 24-nodes elements, which can follow bent 
structures and describe heterogeneous structures in a very accurate way. Dielectric properties of the tissues are calculated on the basis of a 
single-relaxation process taking the limiting values from the literature. These dielectric properties are assigned to each element. The 
validation of the numerical method was performed in our previous work by measurements (RF Imaging Double Pulse Technique), where 
the results of the numerical simulation and measurements showed excellent agreement, at least for high frequency fields. The calculated 
current density will be used for appropriate comparison with threshold values necessary for producing stimulating effects. 

p m q  
DOSIMETRY FOR TIME-VARYING MAGNETIC FIELDS IN MR IMAGING. O.P. Gandhi, S.B. Chen*, X. Yuan* and J-Y. 
Chen. Department of Electrical Engineering, University of Utah, Salt Lake City, UT 841 12 USA. 

We have used the anatomically based models of the human body to calculate SARs and the induced current density distributions for RF 
and switched gradient magnetic fields used for magnetic resonance imaging (MRQ, respectively. For SAR distributions we have used the 
finite-difference timedomain (FDTD) method, including the modeling of a 16conductor birdcage coil of diameter 54.3 cm surrounded by 
a metallic cylindrical shield of diameter 64.2 cm. Because of the progressive phase shift of currents flowing through the various rungs of 
the birdcage coil, a circularly polarized RF magnetic field at a frequency of 64 MHz is created in the interior space. Using a 0.655cm- 
resolution anatomically based model of the human body, SAR distributions have been calculated at the presently used frequency of 64 
MHz, and at frequencies of 128 and 192 MHz that may be used in the future. Using a newly developed millimeter-resolution MRI-based 
model of the human body, we have also calculated the induced current density disnibutions for switched gradient magnetic fields that are 
used for MRI. This model has been developed from MRI scans of a male volunteer that were taken with a resolution of 3 mm in the 
vertical (2) direction and 1.875 x 1.875 mm for the cross-sectional x, y axes. One of 30 tissue types and the associated dielectric properties 
were used to describe the various voxels of the model. We have used the impedance method to calculate induced current density 
distributions due to switched gradient magnetic fields applied for MR imaging. Because of a very large number of cells, a somewhat 
coarser mesh of 3 times larger dimensions is used in the first instance. A second set of runs is subsequently made to determine the induced 
current densities in the finer millimeter-resolution model for the critical regions of the body. Because of the low kilohertz frequencies 
associated with switched gradient magnetic fields, anisotropic conductivities are used for skeletal muscle and heart. The calculated SARs 
and induced current densities are compared with the safety guidelines proposed by the National Radiological Protection Board W B ) ,  
U.K. Limits are obtained for the RF and switched gradient magnetic fields so that the SARs and the induced current densities are within 
the NRPB safety guidelines. 

(B-2-31 
MAGNETIC RESONANCE DETECTION AND MODELING OF STATIC FIELDS PRODUCED BY PERMANENT 
MAGNETS: FIRST OBSERVATIONS. A.V. Cavopoll, R.W. Will~ott*~, R.R. Holcombl p d  MJ. M~Leanl.~.  Departments of 
Neurology, lDepartment of Veterans Affairs and 2Vanderbilt University Medical Centers and Department of Radiology. Vanderbilt 
University Medical Center, Nashville, TN 37212 USA. 

The static magnetic field produced by an array of four permanent magnets of alternating polarity reduced action potential firng in adult 
sensory ganglion neurons in cell culture (McLean et al., 1991). We have used magnetic resonance imaging techniques to visualize the 
fields (<1 mT) produced by center-charged neodymium magnets 0.4 mm in diameter and 1 mm in height. A single test magnet or an array 
of four magnets was restrained in a plastic tube and fixed submerged in a water-filled tank. The tank was secured in the head frame of a 
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2T Siemens Somatom magnetic resonance imaging (MRT) machine and the field of the immersed magnet was imaged in three planes using 
a previously described imaging method (Willcott, Mee, Cnesick, Magn. Reson. Imaging, S, 301-306, 1987). Imaged patterns depended on 
the orientation of test magnet. Alignment between the axis of the magnetic cylinder and the static M.R. field resulted in concentric circular 
patterns in the scanning plane perpendicular to the static M.R. field and four-lobed pattern in the other two orthogonal directions. For a 
perpendicular orientation of the axis of the magnetic cylinder relative to the static M.R. field, a four lobe pattern was obtained in the 
scanning plane perpendicular to the static M.R. and two lobe patterns were obtained in the other two orthogonal directions. The magnetic 
resonance image of the field produced by a single magnet was simulated closely by computer algorithms of a current loop. The computer 
model reproduces with little distortion values of the stronger field (15 mT) of a MAG4A array measured with a Hall effect probe. The 
close match between the M.R. pattern and the computer generated images validate our assumed imaging mechanism for small, static field 
test magnets: The M.R. apparatus selectively images the test field component (B1) that is aligned with the strong static magnetom field( 
BO), discarding the other two test field components(B2, B3); these other components can be imaged by reorienting the test magnet in the 
static magnetom field (BO). These fiidings suggest that MRI techniques can be used to detect, visualize and characterize accurately small 
fields below the resolution of conventional gaussmeters. 
Supported by a grant from the Holcomb Medical Research Institute to M.J.M. and NIH grant to R.W.W. 

IB-2-41 
MEASURING MAGNETIC FIELD EXPOSURES IN A MAGNETIC RESONANCE IMAGING (MRI) FACILITY. J.D. 
Bowman1 and T.D. Bracken2. lNational Institute for Occupational Safety and Health, Cincinnati, OH 45226 USA. 2T. Dan Bracken, 
Inc., Portland, OR USA. 

A pilot study to test protocols for assessing magnetic field exposures of technicians, nurses and anesthesiologists at magnetic resonance 
imaging (MRT) facilities was performed. Protocols were developed for measuring static magnetic field (S 2.0 T), pulsed gradient fields (I 
30 kHz), pulsed radio frequency (RF) elecmc and magnetic fields (10 - 100 MHz)  and ELF, VLF and LF (5 Hz - 300 kHz) magnetic fields 
in the MRI facility. The field measurements, except for RF, were made with a wave capture system with a personal computer 
(MultiwaveTM System, Electric Research and Management, Inc., State College, PA USA). The system was manually triggered to capture 
data at five second intervals over a period sufficient to capture three wave forms at each measurement location. For the ELF 
measurements, a 5 Hz base frequency was employed with 2048 samples per waveform, providing a frequency content up to about 5000 
Hz. The system employed three-dimensional Halleffect sensors to measure the static field and 3D ak-core induction coils to measure the 
ELF, VLF and LF magnetic fields. Four sets of air-core coils were mounted in a staff at heights of 0.8, 1.1, 1.4, and 1.7 m. The staff was 
positioned vertically on the floor for measurements in work areas. It was also positioned horizontally along the patient table for several 
sets of measurements. RF fields were measured with an Isotropic Broadband Meter (Model HI-3002, Holaday Industries, Inc., Eden 
Prairie, MN USA). Also tested was a prototype of a Hall-effect static field personal dosimeter (Model HI-3550, Holaday Industries, Inc., 
Eden Prairie, MN USA). Patients were not present when the protocols were tested at the Oregon Health Sciences University MRI facility, 
which employs a Signa Advantage 1.5 Tesla MRI System (General Electric Medical Systems, Milwaukee, WI). Initial evaluation of the 
Multiwave's performance indicated that electromagnetic interference from the MRI RF fields affected the low frequency measurements 
(since corrected by the manufacturer). Consequently, lower frequency magnetic field measurements were made with the RF pulses fully 
attenuated. At MRI personnel work stations, the measured static fields ranged from 160 mT at the magnet face to 1.5 mT at the console, 
where operators spend most of their time. The field pulses used to establish gradients in the imaging volume ranged from 2.0 pT rms at 
the magnet to 0.07 pT MIS at the operator's console. These gradient fields exhibited complex wave forms, which depended on the imaging 
protocol and the distance from the three gradient coils in the magnet bore. The 63.86 MHz RF field at the magnet face was below the 
0.001 A2/m2 limit of detection for the broad band meter. The static field measurements in the facility corresponded well with the contours 
provided by the system manufacturer, c o n f i i g  that static field expo res can be estimated by combining manufacturers' data with time- 
motion analysis. The use of a bar code scanning system (Timewand& 1, Videx, Inc., Corvallis, OR USA) was evaluated for recording 
personnel locations in the facility. The time-in-location data from the scanning system was combined with the field contours and gradient 
field data to estimate exposure for one person participating in the tests. Over a one-hour period while this individual was moving 
frequently in and out of the MRI magnet room, his estimated time-weighted average exposure was 11 mT for the static field and 0.2 pT 
rms for the gradient field. These exposure estimates were clearly dominated by the time which the subject spent near the magnet face. 
More research is recommended to: 1) compare the time-motion estimates of exposure with dosimeter measurements; 2) characterize 
gradient fields for different imaging protocols; and 3) evaluate the use of MRI facility records, such as procedure log books and the 
computer's data files, for estimating exposures. 

IB-2-51 
THE SAFETY STANDARDS FOR MAGNETIC RESONANCE IMAGING IN ITALY. R. Delia1 and A.A. RussG. lMinisny of 
Health National Institute of Prevention and Work Safety, Ionizing and Non Ionizing Radiation Lab., 00040 Monteporzio Catone, Rome, 
Italy. *Italian National Research Council, Safety and Prevention Dept., 00198 Rome, Italy. 

The increasing utilization of the Nuclear Magnetic Resonance in the medical diagnostic field has forced the Italian Ministry of Health to 
promulgate a regulation, in order to normalize the medical application of this technique, especially in respect of the safety aspects both for 
the patients and the operators. This regulation has been modified during the time (the first decree was promulgated in 1985 and the last 
one in 1993), in order to improve the application of the safety rules, in relation to the progress of the knowledge in the field of the safety 
and the prevention. In this paper, the authors analyse the above regulation, especially in respect of the safety and prevention problems, 
connected with the use of the NMR equipments in the diagnostic field. These problems are mainly related to: 1) the design of a MRI 
department; 2) to the physical aspects connected with the quality controls of the equipments and of their maintenance; 3) to the medical 
aspects connected with the utilization of the technique. The study of these problems has allowed to set the "safety standards", which are 
the basis of the Italian regulation. Furthermore the analysis of the very circumstantial Italian regulation of the medical application of 
Magnetic Resonance Imaging can constitute a very substantial contribution to the settlement of the "safety standards", also for the 
application of NMR technique in the research and industrial fields. 
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(B-2-6 I 
EFFECT OF MAGNETIC FIELDS UP TO 8" ON ENZYMATIC ACTIVITY OF PLASMIN. M. Iwasakal, S. Ueno' and H. 
Tsuda2. HBiomagnetics and Biosystems Laboratory, Department of Computer Science and Communication Engineering, Faculty of 
Engineering. Kyushu University, Fukuoka 812, Japan. 2Clinical Laboratory, Kyushu University Hospital, Kyushu University, Fukuoka 
8 12, Japan. 

We investigated the effects of magnetic fields on enzymatic activity of plasmin that was concerned with dissolution of blood coagulation. 
Plasmin, which is a serine proteinase, reacts with fibrins to digest peptide bonds by hydrolysis. 
First, fibrinolytic processes in magnetic fields were investigated by the fibrin plate method. Two fibrin plates were formed without 
magnetic fields. A hole was made in the centers of fibrin plates in which protease plasmin was added. Fibrin plates were incubated at 37 
OC for 15 hours, either with a magnetic field at 8 T or without magnetic fields. We gathered solutions from the dissolved fibrin, and 
measured mean levels of FDPs (fibrin degradation products) in solutions. Mean levels of FDPs exposed to an 8 T magnetic field were 
higher than those without magnetic fields by 15 percent on the average. The mean level of fibrin degradation products released by plasmin 
in gradient magnetic fields @=e8 T, dB/dz = 5 0 6 0  T/m) was more than lW% of the control samples. The results indicate that large 
macromolecules, such as fibrins and fibrin polymers, were affected by gradient magnetic fields. 
Next, plasmin activity in magnetic fields up to 8 T was assessed by using a synthetic substrate for plasmin, D-Val-Leu-Lys-pNA (S-2251). 
As this synthetic substrate is a small molecule compared to fibrin, it is expected that the effects of gradient magnetic fields can be 
neglected. The reaction was started by the addition of 50 pl of plasmin (0.02 - 0.2 casein unitdm1 final) to 1 ml of 0.05 M Tris-Hc1 buffer, 
pH 7.0 containing 94 pIvl D-Val-Leu-Lys-pNA. After incubation in magnetic fields at 37 "C for 5 or 60 min, the reaction was stopped, and 
the absorbance was measured at 405 nm with a spectrophotometer. The absorbencies of the mixture exposed to an 8 T magnetic field at 37 
OC were 19-4546 lower than control samples. The results show that the enzymatic activity of plasmin was affected by a magnetic field at 8 
T. It may suggest that strong magnetic fields have an effect on the active center of the enzymatic reaction of plasmin with a substrate. 

pT1 
MAGNETIC SHIELDING OF LARGE ELECTRICAL POWER EQUIPMENT. L. Hasselgren* and Y. Hamnerius. Chalmers 
University of Technology, Microwave Technology, Goteborg, Sweden. 

To obtain an efficient magnetic shield in the ELF range, substantial amount of shield material is often needed. The effects of variations in 

method (FEM), of the magnetic field around an existing 10B.4 kV substation and compared the results for different shield geometries and 
shield material. The objective was to attenuate the magnetic flux density in an office above the substation in order to reduce video display 
disturbances and the potential health hazard. A simple model of a shielded substation, in the shape of a l i e  dipole centered inside a 
cylinder, can be evaluated analytically. Such computations show that a room size shield preferably should be made of a highly conductive 
material, such as aluminum, while femomagnetic materials are more suitable for shields with a small diameter. With an open shield 
structure, numerical calculations are necessary. Using a two-dimensional (2D) FEM program, computations on the substation - containing 
two sets of three-phase busbars and shielded on the ceiling and the walls - show the same principal results as the analytical result. Using 5 
mm aluminum in the shield, a 25 dB attenuation of the magnetic flux density was obtained in the office, while a 5 mm iron shield only 
gave 10 dB. Calculations have also been made with a 3D FEM program. In the 3D model, the eddy current distribution in the shield can 
readily be studied. The effect of a door incision in the shield was here studied. The calculations showed that a door could be positioned so 
that it did not give a major disturbance of the eddy current flow. That way, only a local elevation of the field around the door arised and 
the flux density in the office remained low. This analysis show that, with a well designed shield, the magnetic field from electrical power 
equipment can be greatly reduced. 

I the shield design have been investigated for a large study object. We have carried out numerical computations, using a finite element 
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F j  
IMMUNOHISTOCHEMICAL STUDIES OF SKIN CHANGES IN SO-CALLED "SCREEN DERMATITIS" WITH SPECIAL 
REFERENCE TO NEUROCHEMICAL MARKERS. 0. Johansson*, M. Hilliges*, L. Wang*. P.Y. Liu* and G. Holmkvist*. 
Experimental Dermatology Unit, Department of Neuroscience, Karolinska Institute, Stockholm, Sweden. 

Recently, a new category of patients has been described in the literature, namely those that claim to suffer from subjective and objective 
skin- and mucosa-related symptom, such as itch, smarting, pain, heat sensation, redness, papules, pusties, etc., after exposure to VDTs as 
well as other electromagnetic devices, both at their work and in their home. Some patients also have symptoms from internal organ 
systems, such as the heart and the central nervous system. Clinical dermatologists often describe these patients as suffering from either 
some kind of earlier acknowledged skin disease, e.g. seborrhoic keratesis or rosacea, or from so-called 'technomess', a term fust used in 
Japan for work-related stress. Also Pavlovian-type conditioning has been attributed to this group of patients. So far, however, very little is 
known about the exact cause of the above-mentioned symptoms and, thus, generally very little treatment can be offered. The aim of the 
on-going study is to investigate possible changes, in the cellular and neuronal systems of the human skin, after pvocations with electric 
and/or magnetic VDT-fields. As controls, age- and sex-matched persons working with VDTs (however, without any subjective or clinical 
symptoms) will serve. Immunohistochemistry using antisera to the previously characterized marker substances of interest in this specific 
patient category is utilized. Among these markers, PGP 9.5, S100, y-MSH, PNh4T, CGRP, VIP, NPY, PHI and ChAT, may be mentioned. 
Initially, we have done the following: a) Investigated the presence of inmepidermal nerve fibers in normal human skin from healthy 
volunteers using the new marker PGP 95. 'Ihe inmepidermal nerve fibers are found as close as 2040 pn from the surface, which makes 
it highly possible that weak electromagnetic fields may affect them. They have also been further characterized using conventional electron 
microscopy as well as ultrastructural immunocytochemistry. b) Performed a 'pilot'-study to elucidate possible changes in cellular 
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(immunologic, connective tissue, etc.) markers, as well as in sensory and autonomic nerve fibers. From the preliminary data, it seems 
plausible to conclude that the patient population differs from both healthy controls as well as from rosacea patients, however, further 
control experiments needs to be carried out. c) Studied, in collaboration with the Karolinska Hospital (Prof. K. Hall, Dept. Endocrinol. & 
dr. V. Bjornhagen, Dept. Plast. Surg.), in an open-field situation, the effect of EMFs from an ordinary TV set on the cellular/neuronal 
populations of the skin of sampled patients. From these studies, it is evident that certain profound effects in the dermis and epidermis take 
place, however, since the material still is small further investigations are needed. d) Investigated the presence of mast cells in skin from 
patients using histamine-based immunohistochemistry. From these studies, it seems as if the patients have a higher number of mast cells in 
their affected areas, however, again, the material needs to be further extended. In summary, it is evident from our preliminary data that 
major biological effects may be present in the patients suffering from EMF exposure. In view of the recent epidemiological. studies 
pointing to a correlation between long-term exposures from magnetic fields and cancer [l, 21, our data ought to be further analyzed. 
(Supported by the Swedish Work Environment Fund (proj. no. 93-0344). NCE AB Salora Displays and funds from the Karolinska 
Institute.) 
1. Feychting M & Ahlbom A. Magnetic fields and cancer in people residing near Swedish high voltage power lines. IMM-rapport 1992;6. 
Institutet for miljomedicin, Karolirrska Institutet, Stockholm, 1992 
2. Floderus B, Persson T, Stenlund C, Wennberg A, Ost A & Knave B. Occupational exposure to electromagnetic fields in relation to 
leukemia and brain tumors: a case-control study in Sweden. Cancer Causes Corrtr 4,465476,1993 

PROVOCATION STUDY OF HUMAN SENSITIVITY TO ELECTROMAGNETIC FIELD? fIMULATING VDU 
ENVIRONMENT. S. Galtl, Y. Harrmeriusl, G. Chalmers University of 
Technology, Microwave Technology, Goteborg, Sweden. 2Univ sity Hospital, Occupational Dermatology, Lund, Sweden. 
3Sahlgrenska Hospital, Occupational Medicine, Goteborg, Sweden. $Gothenburg University, Medical Physics, Goteborg, Sweden. 
%attenfall Transmission AB, Goteborg, Sweden. 

A number of people have recently claimed to suffer from hypersensitivity reactions to electromagnetic fields, especially in connection with 
VDU work. Symptoms include tingling and heat sensations in the skin, as well as other more general symptoms such as dizziness and 
headaches. In this study we attempted to find at least one person who could subjectively detect an electromagnetic field exposure 
simulating the VDU environment at a statistical. significance level of 95%. 30 subjects were tested, mostly VDU operators, with a test 
protocol of one hour true or sham exposures, twice a day for two days. Either the morning or afternoon exposure session was a true 
exposure each day, chosen randomly in a double-blind manner by a control computer. Those subjects who correctly identifed the two true 
exposures were re-tested a number of weeks later. During provocations, subjects were seated facing a vertical aluminum sheet used to 
produce picture- and line-frequency electric fields. Clock frequency electric fields were provided by a line antenna parallel to the top edge 
of this sheet. A second aluminum sheet under the floor mat produced power frequency (50 Hz sine wave) electric fields. A single turn coil 
was positioned on either side of the subject for producing picture- and line-frequency magnetic fields. Picture-, line- and clock-frequencies 
were stepped through three different sets, changing every 10 minutes during exposure, in order to simulate VDUs with varying resolution: 
"low"=(50 Hz, 20 kHz, 4.6 MHz); "medium"=(60 Hz, 30 IrHz, 8 MHz); "high"t(70 Hz, 50 MIZ, 12 MHz). The electromagnetic field 
exposure levels were as follows: picture-frequency & = 27.9-29.5 V/m, B- = 0.58 1% line-frequency bs = 11.8-18.0 V/m, hms = 
0.69 CLT; clock-frequency ETrns = 20 mV/m; power-frequency qms = 7 V/m. Picture- and line-frequency electric fields had pulsed 
waveforms, corresponding magnetic fields had sawtooth waveforms, clock-frequency electric fields had square waveforms. Background 
levels of 50 Hz electric and magnetic fields were low: 0.3 V/m and 6 nT. The static electric field was not included in the provocation 
exposure, with a background level less than 20 V/m. No one subject was found who could reliably discern the difference between true and 
sham exposures. Measurements of pulse, facial skin temperature, skin blood flow, and skin electrical conductivity were performed 
throughout provocations. None of these measures correlated with either true or perceived exposure. Subjective symptoms were registered 
with a questionnaire every 10 minutes during provocation as well as 10 minutes before and 1 hour after provocation. The mean symptom 
score increased during the provocation periods but did not correlate to true exposure. In conclusion, the study indicates that the symptoms 
experienced by these subjects are not connected with electromagnetic exposure, indicating that the cause may involve some other factor or 
factors in the VDU work environment. 

R. Nilss~n*~, J. Sandblom*4 and R. Ldgren . 

1-1 
STUDY OF PROVOKED HYPERSENSITIVITY REACTIONS FROM THE ELECTRIC AND MAGNETIC FIELDS OF A 
VIDEO DISPLAY UNIT. Y. Hamneri s1 and P. Sjoberg*2. 'Chalmers University of Technology, Department of Microwave 
Technology, S-412 96 Goteborg, Sweden. 3Ellemtel Telecommunications Systems Laboratories, S-125 25 Alvsjo, Sweden. 

An increasing number of persons claim that they get skin symptoms and nerve system symptoms from electric equipment. In this study we 
have tested if these symptoms can be provoked by the fields from a hidden VDU. Seven subjects, who experience such symptoms when 
working with VDUs, have been exposed, or sham exposed, in three series of test with increasing magnetic field strength (phase 1 - 3) .  In 
phase 1 the VDU was put in a mu-metal cabinet and was equipped with compensation coils to reduce the horizontal line-frequency 
magnetic fields and double screen filters. phase 2 was done in a similar way but in this part the compensation coils were removed. In 
phase 3 the mu-metal cabinet was removed. The provocations were performed in a shielded room with very low background fields, ELF 
magnetic field were less than 5 nT and electric fields were less than 0.3 V/m. Each phase consisted of 8 one hour provocations, where 
exposure or sham exposure were chosen at random, but with equal number of each. The subjects were only provoked once a day. The 
subjects answered a questionnaire concerning symptom and if they felt something during the provocation. The answer to the later question 
showed a "correct" tendency in all three phases with an OR = 2.74 for phase 1-3 combined, but no significance (95% CI 0.98 - 4.85). 
Out of ten tests, only a comparison with symptoms from LCD work shows significantly (p 0.02) increased reported symptoms during 
exposure compared to sham-exposure, however this could be due to mass significance. Skin temperature measurements revealed no 
differences between exposed and sham exposed. The conclusion of the study is that a difference in reaction, between exposure and sham 
exposure, has not been securely demonstrated. This research was supported by grants from the Swedish Work Life Fund and Ellemtel 
Telecommunications Systems Laboratories. 
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-1 
SKIN SYMPTOMS AND ELECTRIC FIELDS FROM VDUS: A DOUBLE BLIND STUDY. G. wtedal*l, A.I. Vismes2, K. 
R ~ g g e n * ~  and P. deFrancisco*l. SINTEF UNIMED, 7034 Trondheim, Norway. lLInstitute of Physics, University of Oslo, 03 16 Oslo, 
Norway. 3Dept. of Dermatology, Regional Hospital in Trondheim, 7006 Trondheim, Norway. 

Some people working with VDUs experience health problems that might be associated with exposure to electric and magnetic fields. They 
often report facial skin symptoms such as burning sensation and tingling, but also symptoms from eyes and airway and more general 
symptoms such as headache, tiredness and dizziness. The aim of this work was to study whether subjectively registered facial skin 
symptoms are reduced by decreasing the static and the low frequency electric fields produced by VDUs. The fields were reduced by 
mounting electric-conducting screen filters in front of the VDUs. Two kinds of filters were used: active and inactive. The inactive ones 
had the ground cable cut, but the plastic insulation was intact so it was not possible to see by eye any difference between the filters. 
Twenty persons with relatively mild skin symptoms associated with VDU work took part in the study while working at their ordinary jobs. 
During the first two-week period, all worked with their VDUs without any filter. For the second two-week period, they were divided in 
two groups, one group used inactive filters and the other active filters. In the third two-week period, those who had used inactive filters 
used active ones, and those who had used active filters used inactive ones. For each individual the chance for getting active filterbnactive 
filter first was 50/50. Persons that took part in the study and project co-workers that were in contact with them, did not know which filter 
the individuals used first and last. All persons evaluated dally their skin symptom. Electric and magnetic fields were measured about 
0.30 m in front of the VDUs and at the ordinary VDU head distance. The time in front of VDUs, time the individuals worked two meters 
or nearer the VDU, and room temperature were registered daily. Other physical as well as psychosocial factors that might influence the 
skin symptoms were registered for every two-week period. Measurements showed that both active filters and inactive filters reduced the 
electric fields. In average, the active filters reduced the static fields insignifkantly more than the inactive filters. The difference between 
the two filters, however, increased with increasing frequency of the field, and the VLF fields were si@icantly more reduced by the active 
filters than by the inactive ones. Most symptoms were less pronounced when the active filters were used than when the inactive filters 
were used. For two symptoms only, the significance probability (one-sided Wileoxon sign-rank test) was less than 10%: 
tingling/prickling/itching (p=3%) and the sensation of tighmess/dryness @=8%). Statistical analyses showed that the symptoms were not 
related to room temperature, work time, or time occupied in front of VDU. At days when the persons worked within two meters from the 
VDUs for a long period of time, the symptoms were more pronounced than at days they worked near the VDUs a short period of time. The 
difference was statistically significant at 5% level for most symptoms (one-sided Wileoxon sign-rank test). The relation between the 
symptoms and the amount of time near VDU may be due to different physical stress factors related to the VDU or the computer. Electric 
and magnetic fields are possibly among these factors. Among the physical or psychosocial factors we registered, electric fields are the 
only ones that can explain less pronounced symptoms observed in the period with active filter compared to the period with inactive filter. 
Relatively weak associations are obtained in this study, and few persons were participating. Therefore, the results might have been 
produced by mere chance, and more studies are required to confirm or deny them. 
The work has been supported by Work Environment Fund, Confederation of Norwegian Business and Industry; Royal Norwegian Council 
for Scientific and Industrial Research; Norwegian Telecom; Ministry of Industry and Energy; Static A/S. 

ELECTRIC FIELD MEASUREMENTS NEAR TV'S AND VDT'S. W.S. Boivinl and D.M. Witters, Jr.*2. lwinchester Engineering 
and Analytical Center, US Food and Drug Administration, Winchester, MA 01890 USA. 2Center for Devices and Radiological Health, US 
Food and Drug Administration, Rockville, MD 20857 USA. 

Measurements of ELF and VLF electric fields were made using the IEEE P1140 draft "Standard Procedures for the Measurement of 
Electric and Magnetic Fields from Video Display Terminals (VDTs) from 5 Hz to 400 kHz". Extensive measurements were made on a 
total of 21 CRT-based devices. A Combinova model EFM200 was used for both ELF and VLF measurements. Additional measurements 
were made using a Holaday model HI-3603 (VLF) and HI-3604 (ELF) for comparison. At 50 cm from the face of the CRT, ELF 
measurements varied from 2.87 to 227.0 V/m using the EFM200 and 4.30 to 312.0 V/m using the HI-3604. In the ELF data, the ratio of 
Holaday HI-3604 measurements to the Combinova measurements ranged from 1.2 to 1.9 with an average ratio of 1.4. For VLF data, the 
EFM200 produced measurements from 1.012 to 14.67 V/m while the HI3603 showed 0.76 to 15.94 V/m. The ratio of the Holaday HI- 
3603 to the Combinova measurements ranged from 0.6 to 1.2 with an average of 0.8. Two VDTs were clearly labeled as meeting the 
Swedish MPR I1 emission limits. Both did meet the limits for ELF electric field (3.34 and 12.06 V/m measured, MPR II allows 25 V/m) 
but only one met the limits for VLF electric field (4.610 and 1.577 V/m measured; MPR II allows 2.5 V b ) .  Percent uncertainty in each 
measurement was calculated using the method from the P1140 draft document. For ELF data, total uncertainty varied from 3% to 63% for 
the Combinova instrument and from 2% to 105% for the Holaday; for VLF data, total uncertainty ranged from 1% to 11% for the 
Combinova and from 2% to 21% for the Holaday. The total uncertainty was clearly dominated by the contribution from the background 
levels with the largest uncertainties found when the measured electric field was nearest the background level in magnitude. Measurements 
were also taken with the meters in a floating (ungrounded) configuration. Measurements obtained with the meters grounded were always 
greater than those taken in the ungrounded configuration. For the EFM200, the ratio of grounded to ungrounded readings averaged 1.6 
(range 1.2 - 2.1) for the ELF and 1.7 (range 1.3 - 2.1) for the VLF bands. For the Holaday meters, the ratio averaged 2.8 (range 2.0 - 5.0) 
for the ELF band and 2.5 (range 2.0 - 3.8) for the VLF band. 7 of the 8 units which were tested with a vertical scan frequency of 60 Hz 
exhibited the "beat" phenomenon in their ELF electric fields. The beats were characterized with amplitude variations as great as 65% of 
the time averaged electric field level. Most of the beat periods were between 16 and 28 seconds, one unit had a very slow beat with a 
period of 192 seconds. We conclude that the IEEE P1140 draft method is usable; difficulties were encountered in meeting the 
requirements of the specified maximum allowable background levels, the measurement of electric fields with "beats", and the 
establishment of instrument uncertainties ("Ui"). 

22 



p 3 q  
CHROMOSOME ABERRATION IN HUMAN LYMPHOCYTE NDER EXPOSURE TO MAGNETIC FIELDS FROM VDT. 
M. Yasui*l, T. Kikuchi*l, W. Ooba*l, Y. Otaka2 and T. Nishitomi3. lTokyo Electric Power Co., Tokyo, Japan. 2Mitsubishi Kasei 
Institute of Toxicological and Environmental Sciences, Ibaraki, Japan. 

We have reported the results of experiments on the negative effect of 50-Hz sinusoidal alternating magnetic fields on the f i i t  and second 
chromosomes of Drosophila melanoguster in the journal and annual meeting of BEMS. 
The present report relates to the potential effect of slightly distorted descending saw-tooth wave magnetic fields on the chromosomes of 
human lymphocyte. According to the routine procedure of chromosome aberration test (without metabolic activation), whole blood 
samples of healthy non-smoking donors of both sexes were cultured for 48 hrs immediately after the collection on the lowest shelf of a 
C@ incubator in RPMI1640 medium Containing fetal bovine sem (20%) and PHA, then for 24 hrs under exposure to 55-Hz descending 
saw-tooth wave magnetic fields of 0.01 and 0.1 mT (FTP) and 50-Hz sinusoidal magnetic field of 0.1 mT (nns). The wave form of the 
field was the simulation of that in front of VDT, and the field strength, 0.01 mT, corresponds to that 2 cm apart from the face of VDT in 
television mode. The rise time of the field was 1 msec. Number of cells with gap, chromatid break, chromatid exchange, chromosome 
break, chromosome exchange and polyploidy were counted for 100 cells. Only one cell with a gap was observed in 0.1 mT saw-tooth field 
exposed group from the female and one cell with polyploidy in the negative control and 0.1 mT sinusoidal field exposed groups from the 
male, whereas in the positive control using O.lpg/ml mitomycin C, 28 and 16% of cells contained aberrations, respectively. The 
conclusion was negative. 

(B-3-71 
EFFECT OF TIMEVARYING MAGNETIC FIELD ON SDH IN HYPOTHALAMUS OF THE NEWBORN OFFSPRINGS OF 
MICE. BJ. Shao*, G. Yao*, H. Chiang, Y. Fu* and D. h*. Microwave Institute, Zhejiang Medical University, Hangzhou 310006, P.R 
china 

Time-varying magnetic fields were produced by a pair of Helmholtz coils, through which the passing current was transmitted from a set of 
video display terminal (VDT). The coils had a radius and separation of 0.46 m, and each coil had 13 turns. The magnetic flux density 
within the space between the coils was determined analytically and when the field was lower (4999 mA/m or 2.5 UT nns), it could be 
measured by a Holaday HI-3600 VDT meter. Impregnated NIH mice, which were constrained in Plexiglas cages during exposure, were 
exposed to the magnetic field radiation 5 hrs daily 6 days a week at 0, 1.15 and 11.5 UT nns through the whole pregnancy period until the 
offsprings were delivered. The offsprings were then decapitated, and the brains removed. Fresh frozen brain slices 10 microns thick were 
prepared in sagittal section and stained with Nachlas' method for examination of succinate dehydrogenase (SDH) in hypo-thalamus. The 
SDH analysis was Carried Out with an OPTION MPMOTK micro-spectrophotometer. The result showed that SDH activities (relative 
concentration) for higher (1 1.5 UT), lower (1.15 UT) and sham (control) exposure groups were 5.2966fo.7075, 5.93 1 M1.1344 and 
6.6542433.6994 respectively, indicating that the enzyme activities in exposed animals were decreased as compared with the control with 
statistical significance (Pc0.01) in higher exposure group and no statistical significance (p>0.05) in lower exposure group. When exposure 
conditions in the present study are compared with the intensity at a distance of 30 cm from the surface of a VDT which was measured 
about 0.075 UT (0.054.1 UT), the field in higher exposure group was over 150 times greater than the VDT field, and the field in lower 
exposure group was over 15 times greater than the VDT field. Thus, if such a exposure field conditions for mice could be comparable with 
that in the human beiig, it seems that a typical VDT field would not influence the human health. 

JB-4-11 
CAN THE EFFECTS OF 60 HZ MAGNETIC FIELDS BE PREDICTED FROM STUDIES UNDER STATIC FIELDS? J.C. 
Scaiano*l, N. Mohtat*l, F.L. Cozens*l, J. McLean2 and A. Thansandote . lDepartment of Chemisuy, University of Ottawa, Canada 
KIN 6N5. 2Radiation Protection Bureau, Health Canada, Ottawa, Canada K1A OL2. 

In this work we demonstrate that the influence of 60-Hz magnetic fields (MFs) on free radical reactions can be quantitatively predicted 
from the knowledge of the effect of static fields on radical behavior. Studies of radical reactions in micellar systems show that the 
behavior under a 60-Hz field is identical to that under a static field at any given point in time. In spite of the abundant literature on the 
effects of MFs on biological systems, our understanding of these effects at the molecular level is extremely poor. One possibility, based on 
well established observations in chemistry, is that both static and time-varying MFs can increase the yields of some types of free radicals 
formed through homolytic cleavage, photoinduced processes or random encounters. Quite frequently these rudkul pairs will recombine 
rapidly to yield inert products. Under certain conditions a MF can perturb this recombination by increasing the fraction of radical pairs that 
separate, therefore diffusing away from their site of formation and becoming available for reaction with nearby molecules. Effects of this 
type are strongly favored in organized media such as micelles, lipid bilayers and presumably the intracellular environment. In the test 
system employed radical pairs are formed in the presence or absence of a 60-Hz MF by photolysis of benzophenone and 1.4- 
cyclohexadiene within the restricted environment of sodium dodecyl sulfate (SDS) micelles. The fraction of radical pairs that separate can 
then be determined under a variety of conditions using laser photolysis techniques. This is shown in Figure 1 where the dotted line is the 
theoretical curve based only on data acquired using a static MF, and the full line takes into account possible calibration differences 
between the static and oscillating magnet controllers. While the test system used here clearly has no relevance to biology, it should be 
emphasized that similar effects occur in many radical and radical-ion systems, including a-tocopherol, which is biologically sipfkmt. 
The environments capable of hosting these interactions include micelles, vesicles and microemulsions. We anticipate that cellular DNA 
and proteins may also be capable of acting as hosts for MFdependent radical processes. Our results show that results obtained under static 
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fields are directly relevant to conditions of time-varying fields. A corollary of our observations is the fact that for MF effects of free 
radical origin one might expect a threshold, given that no detectable influence would be anticipated for fields significantly below that of 
earth's. 

. 
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Time, ms 
Figure 1: Fluctuation of the radical escape yield as a function of the time-varying field (H,,, = 200 G). The time scale corresponds to the 
delay from the beginning of the cycle. The dotted line the predicted behavior based on the data acquired under static fields 

j r j  
MAGNETIC FIELD EFFECTS ON CELL-FREE MYOSIN PHOSPHORYLATION ARE DETERMINED BY CALCIUM 
CONCENTRATION AND INITIAL REACTION RATE. M.S. Markov and A.A. Pilla. Bioelectrochemistry Laboratory, Department 
of Orthopaedics, Mount Sinai School of Medicine, New York, NY 10029 USA. 

We have recently reported that small changes in ambient level magnetic fields can significantly affect the rate of myosin light chain 
phosphorylation in a cell free preparation. The reaction conditions for this biochemical system were specifically chosen to allow for the 
possibility of rate modulation. This approach was taken because it has been commonly reported that EMF bioeffects appear to occur 
primarily when the target pathways are in a "stressed" condition. Thus, in vivo effects on bone repair appear to be restricted to the 
pathological area, normal bone or other tissues in the exposure path are not functionally affected. Similar effects have been noted for in 
v i m  studies, wherein the concentration of second messenger ions, such as Ca2+, has been purposely kept well below saturation conditions. 
With this in mind the essential components of the reaction mixture for myosin phosphorylation utilized in all of our previous studies was 
chosen such that phosphorylation increased linearly with time for the first several minutes, Le., very far from maximum rate conditions. 
To achieve this the ratio of substrate (myosin li ht chain, MLC) to enzyme (myosin light chain kinase, MLCK) was 3 to 1 (closer to 

ratio of calmodulin (CaM) to MLCK (to which it must bind for phosphorylation to occur) was 1 to 1, Le., not rate limiting with respect to 
CaM concentration. This allowed the rate of the reaction to be mainly controlled by the Ca2+ ion concentration in order to ascertain 
whether the Ca2+ binding pathway could be e EMF target. A similar approach to the reaction mixture was reported by Lednev. The 

of 60 turn, 8 in. square, coils by which the vertical and horizontal components of the DC magnetic field could be independently adjusted. 
We have previously shown that static magnetic field effects are independent of field direction, therefore only vertical DC fields (ambient or 
200 pT) were applied in this study, while the horizontal wmponent of the ambient (including geomagnetic) field was compensated to 33.1 
pT. All magnetic fields were measured to m.1 pT using a Bartington MAG-01 fluxgate magnetometer. Myosin phosphorylation was 
performed in 1.5 ml Eppendorf centrifuge tubes. phosphorylation was initiated by adding ga~nma~~P-ATP to the reaction medium and 
was stopped with LSB solution. All experim nts were perfonned in a water bath at 37 OC. Magnetic field exposure was for 6 min. 
Reaction efficiency was evaluated via gamma 3gP incorporation into myosin light chains using Cherenkov emission. The results show that 
phosphorylation increased to 184 f8% (pe.01) of the ambient value at 200 pT for a Ca2+ concenmation of 30 @I, and was not statistically 
different from ambient values at 200 and 600 p.M. These data appear to confi i  the general observation that weak EMF effects are most 
clearly defined in systems wherein the target reaction is proceeding at sigillficantly less than maximum rate during exposure. As we have 
postulated in previous studies, one possible target for weak static magnetic fields involves the calcium ion and particularly calcium binding 
sites. There was a significant dependence of the static magnetic field effect on calcium ion concentration in this work, providing further 
evidence for the validity of this hypothesis. In addition, this study provides additional confiiation hat weak EMF bioeffects are strongly 
dependent upon the kinetic state of the target, Le., upon the presence of a biological window. 

physiological, as suggested by Adelstein), not 10 B to 1 (as is common in enzymology to achieve maximum reaction rates). In addition, the 

dependence of the magnetic field effect on Ca 8 concentration was confiied in this study. The EMF exposure system consisted of a pair 
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EFFECT OF STATIC MAGNETIC FIELD ON ADHERENCE OF PATHOGENIC ESCHERZCHZA COLI TO HELA CEL 
K. Kimura*l and J. Arisawa*2. lDept. Biology and 2Applied Electronics, Hokkaido Institute of Technology, Sapporo, Hokkaido ( 
Japan. 

We are currently examining whether static magnetic field does affect to the human health conditions. The adhesion of E. coli isol 
from urinary infection to HeLa cells was used for the testing magnetic field effect, because this experimental model is considered 
primary step of infection in animal. On the other hand, most of the reports have discussed direct alterations due to exposure of magr 
field, though the biological effect(& of magnetic field actually includes the complex reactions in live body. In present report, 
demonstrate the indirect or secondary effect(s) of magnetic field using the in vitro infection model. Ten strains of E. coli isolated f 
urinary tract infection and HeLa cells were supplied from Drs. N. Fujii and S. Hayashi, Dept., Microbiology, Sch., Medicine, Sap1 
Medical Univ., Sapporo, 060, Japan. E. coli ATSH-16 and -27 strains which show strong adhesion, and ATSH-O and -12 strains wl 
show weak adhesion to HeLa cells were used. HeLa cells were incubated in Eagle's MEM medium containing 5% FCS at 37 OC in 
C@ containing atmosphere, and subcultured on glass cover slip (10 x 26 mm) prior to adhesion experiment. Overnight cultures of E. 
were washed by cennifugation at 3000 rpm for 10 min and resuspended with W s  balanced salt solution (BSS). About 3 x lo8 cfu c 
coli and HeLa cells were mixed, and then incubated at 37 "C for 4 hr with or without 450 mT static magnetic field. After incubat 
HeLa cells were washed with BSS, dried in room temperature, fixed by methanol for 10 min and stained with Giemsa. The numbe 
adherent bacteria was counted by using light miaoscopy. In each experiment, at least 30 HeLa cells were examined, and all ex-( 
were perFomed in five times. Order made electric magnet (Maefllmi Electric Co., Ltd., Tokyo. Japan) was used in this e-t, 
the maximum seength of magnetic field was 450 mT in 35 mm of elecaode gap distance. From the results of experiments, the numbe 
adheren& bacteria was inaeased by exposwe of 450 mT static magnetic field in each ATSH-O, -12, -16 and -27 strains. This phenome 
was more clearly observed in ATSH -27 and -16 strains than that of ATSH -0 and -12 Snains. Particularly in the case of A m - 2 7  str 
the number of adherent bacteria with magnet exposed group was more than 150% over against control. In contrast, no effect was obser 
in 150 mT of magnetic field exposure. Furthermore, when the test strains of E. coli incubated with 450 mT magnetic field, the growth 
of bacteria was not increased by magnetic field exposure. These findings indicated that the 450 mT of static magnetic field altered 
adherence of pathogenic E. coli to HeLa cells and this phenomenon dependent on the strength of magnetic field. In addition, 450 mT st 
magnetic field did not change the growth of E. coli directly. Therefore, the authors consider that the alteration of adherent ratc 
pathogenic E. coli to HeLa cells correspond with the changes of host versus parasite relationships due to static magnetic field expos 
Further investigations should do to take the conclusion of precise effect(s) of magnetic field. 
This investigation supported by the research aid of Sumitomo Foundation; 92-104-017. 

p T I  
STATIC MAGNETIC FIELD EFFECTS ON ION BINDING: THE EFFECT OF THERMAL NOISE. DJ. Muehsam* and P 
Pilla. Bioelectrochemistry Laboratory, Department of Orthopaedics, Mount Sinai School of Medicine, New York, NY 10029 USA. 

Static magnetic fields in the microTesla-(pT) range have been reported to affect a variety of biological systems. This study examines 
limits of delectability of static magnetic fields by the ion binding pathway, a plausible target for EMF bioeffects, in the presence of ther 
noise. Both binding kinetics and the dynamics of a bound ion are considered. The effect of a static magnetic field on the binding kine 
of an ion bound in a molecular cleft, under the influence of thermal noise forces, is assessed via the Langevin equation. The ion binc 
model characterizes the binding site as a low viscosity l inw isotropic oscillator potential for small displacements about the origin. ' 
analyses show that binding kinetics are significantly affected by thermal noise forces, substantially increasing the threshold for magn 
field effects. The minimum magnetic field for which an effect may be expected is dependent upon the endo enous binding fc 

values for the viscosity of unity or below, are necessary for ions to remain bound for times of the order of the reaction kinetics of typical 
biochemical cascades in the presence of thermal noise forces. Application of these parameter values to calciumcalmodulin binding 
indicates that the threshold for static magnetic field effects is approximately 0.05-0.1 Tesla. These results suggest that magnetic fields in 
the pT range will not significantly affect the probability that an ion may be bound (or unbound) in a molecular cleft subject to the thermal 
bath. On the other hand, a magnet of approximately 0.1 T, placed in proximity to a biological target may affect a physiologically important 
biochemical cascade. The effect of exogenous magnetic fields on the dynamics of bound ions has been studied without considering the 
effects of thermal noise. As a result, Larmor precession was proposed to account for weak magnetic field sensitivities. The present so 
describes the effects of static and time-varying magnetic fields on the dynamics of an ion bound in a molecular cleft subject to the then 
bath. Use of the ion binding model considered above via the Lorentz equation yields a solution depicting precession of the oscills 
orientation at the Larmor frequency (one-half the cyclotron frequency) for static magnetic fields and complex oscillator behaviors for ti 
varying magnetic fields. The analyses show that, even in the presence of thermal noise, magnetic fields in the pT range can alter the rata 
which an ion precesses while oscillating in a molecular cleft. This precessional motion is resistant to thermal noise effects for ions wh 
remain bound for biochemically relevant times. This, in turn, may conuibute to molecular signalling, thereby possibly affecting 
reactivity of the molecule to which the precessing ion is bound. The model predicts a lower limit of approximately 0.1-1 pT for magnc 
field sensitivity due to Larmor precession in the presence of t h e d  noise. No resonance conditions for particular field parameters 
predicted for alternating and static fields oriented in parallel. The above theoretical analyses appear to confirm that relatively weak st; 
magnetic fields can affect the ion binding pathway in the presence of thermal noise, a target clearly implicated in the cellular regulatior 
tissue growth and repair. 

magnitude and the viscosity inside the binding site. Endogenous forces resulting in a frequency of oscillation of 10 30 Hz to 10l2 Hz L~~ 
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is small relative to skin depth; and (3) the complex conductivity of tissue is large in magnitude relative to a r .  The whole body analysis for 
a "young child' ellipsoidal model indicates that, depending on the relative orientation of E- and B-fields, the rms electric field within the 
ellipsoidal volume induced by a 1-mG B-field is equivalent to the electric field induced by 120-2,200V/m @ 100 Hz, and 60-1.100 V/m @ 
100 kHz. The ranges for adults are slightly higher. The partial body analysis estimated and compared maximum electric fields induced 
within spherical models by oscillating electric monopoles, electric dipoles, and magnetic dipoles, as a function of distance to each field 
source. As the sources are brought close to the body, electric field sources, particularly dipoles, become relatively more effective in 
inducing peak electric fields in the exposed portion of the body. Nevertheless, given the values of the fields measured in residences, the 
induced body fields from electric field transients are at the lower end of the range of those due to magnetic fields. This observation will 
help guide the future design of our transient measurement program. 
This work was supported by EPRI contract RP3349-01. 

I T ]  
ELECTRIC FIELD AND CURRENT DENSITY DISTRIBUTIONS INDUCED IN A MILLIMETER-RESOLUTION MODEL 
OF THE HUMAN HEAD AND NECK BY MAGNETIC FIELDS OF A HAIR DRYER AND AN ELECTRIC SHAVER. D. Wu*, 
O.P. Gandhi and J-Y. Chen. Department of Electrical Engineering, University of Utah, Salt Lake City, UT 841 12 USA. 

We have previously reported on the induced electric field and current density distributions for a 1.31-cm resolution anatomically based 
model of the human head for magnetic fields of a hair dryer [ 11. To pinpoint the magnitudes and the regions of the induced peak electric 
fields and current densities, we have used the new =-based model of the human head and neck and have also extended the calculations 
for an electric shaver for which the incident magnetic fields are even stronger than those for the hair dryer. The new model is obtained 
from MRI scans of a male human volunteer with voxel size of 1.974 x 1.974 x 3 mm. For this model the various tissues identified are 
muscle, fat, bone, cartilage, skin, brain, blood, eye, vitreous humor, sclera/comea, lens, ear, and cerebrospinal fluid. Different 
conductivities have been used for these tissues. Because of the high degree of anisotropy in the electrical properties of the skeletal muscle, 
conductivities of 0.86 and 0.068 S/m have been taken for this tissue for vertical and horizontal directions, respectively. The measured 
variations of vector magnetic fields for both the hair dryer and the electric shaver have been used to obtain the orientations and the 
magnitudes of the equivalent magnetic dipoles. Using the impedance method we have calculated the induced electric field and current 
density distributions for the spatially varying magnetic fields of both the hair dryer and the electric shaver. Whereas the layer-averaged 
values of the induced current densities for the hair dryer are very similar to those that were previously obtained for the coarser 1.3 lcm 
resolution model, the peak values of electric fields and current densities are a factor of 2 to 3 times higher. Since the new model allows a 
better definition of the tissue boundaries and interfaces, the higher values are obviously of interest. Color graphical displays have been 
obtained both for the induced electric fields and cment densities for the various sections of the head and will be shown at the meeting. 
1. S. Tofani, P. Ossola, G. &Amore, and O.P. Gandhi, "Electric Field and Current Density Distributions Induced in an Anatomically Based 
Model of the Human Head by Magnetic Fields of a Hair Dryer," Abstracts of the Fifteenth Annual Meeting of the Bioelectromagnetics 
Society, June 13-17, 1993, p. 34 (to be published inHealth Physics.) 

ELECTRIC FIELD AND CURRENT DENSITY DISTRIBUTIONS INDUCED IN A MILLIMETER-RESOLUTION HUMAN 
MODEL FOR EMFS OF POWER LINES. J-Y. Chen, 09. Gandhi, D. Wu* and V. Sarvepalli*. Department of Electrical Engineering, 
University of Utah, Salt Lake City, UT 841 12 USA. 

Since the induced currents flow preferentially through higher conductivity tissues, accurate modeling of tissue boundaries is important for 
dosimetry in the ELF range. We have, therefore, used a new high-resolution model of the human body for calculations of induced electric- 
field and current density distributions for exposure to electric and magnetic fields that are typically encountered under high-voltage power 
transmission and distribution lines. The model of the human body was obtained from the magnetic resonance imaging (MRI) scans of a 
male volunteer that were taken with a resolution of 3 mm in the vertical direction and a pixel size of 1.875 x 1.875 mm for the horizontal 
sections. One of 30 tissue types and the corresponding dielectric properties were then prescribed for each of the voxels of the model. For 
power transmission and distribution lines, ground level electric and magnetic fields are on the order of 1-10 kV/m and 5-50 kT, 
respectively. Furthermore, the ground level electric fields are typically vertical, while the magnetic fields are generally horizontal for these 
lines. For the present calculations we have used the previously described impedance method for calculations of induced fields and current 
densities for exposure to pure magnetic fields, and the combined finite-difference timedomain (FDTD)/impedance methods for exposure 
to pure electric fields or combined electric and magnetic fields. For the latter, the previously described FDTD method [l] is used to 
calculate the fields induced in the body represented by a somewhat coarser mesh of 3 times larger dimensions. The impedance method is 
then used to recalculate the induced current densities in the fmer millimeter-resolution model for each of the subregions of the body. For 
numerical calculations the anisotropic conductivities known for the skeletal muscle and heart are used. At the meeting we will show 
computer graphical displays of induced electric field and current density distributions for some representative sections f the human body. 

exceeded according to the recommendations of the IRPA Guidelines [2]. 
1. O.P. Gandhi and J.Y. Chen, "Numerical Dosimetry at Power-Line Frequencies Using Anatomically Based Models," 
Bioelectromagnetics, Supplement 1, pp. 43-60, 1992. 
2. International Radiation Protection Association (IRPA), "Interim Guidelines on Limits of Exposure to 50/60 Hz Electric and Magnetic 
Fields." Health Physics, 58(1), pp. 113-122, 1990. 

For some regions of the body, most noticeably in the head, the local induced current densities are in excess of 10 mA/m Y that should not be 
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BIOPHYSICAL EQUALITY OF ELECTRIC AND MAGNETIC FIELDS IN FREQUENCY RANGE FROM 50 HZ TO 10 MHZ. 
H.R. Korniewicz. Centralny Instytut Ochrony Racy, 00-714 Warszawa, Poland. 

Obviously, the known relations, tightening the radiation power density (p), electric field intensity (E) and magnetic field intensity (H) 
through the impedance of free space for an electromagnetic radiation: z = 120 x a, cannot be used for inductive and capacitive fields 
dispersed in a surrounding of EM sources working in frequencies below 10 MHz. 
For this case there has been introduced an idea of an effective impedance (zc) defiied as the ratio of z, = EJ &, where Ec and & are 
values of field intensity causing the same biophysical effect. 
Concept of the effective impedance has been studied in relation to power absorption and current flow. The investigations have indicated 
that the foot current is the best and simplest parameter to define zc for the purpose of protection of people against electromagnetic hazard. 
We have calculated effective impedance z, for electric and magnetic fields which are inducing the same foot current, specified as: current 
induced by the electric field: IE = 0.33* f * E. (mA, MHz, Vhn). (In the case of a cylindrical model of the stan*$ard man placed on a 
ground in vertical position, parallel to the electric field vector), current induced by the magnetic field: IH = 2.23 * f H. (mA, MHz, A/m). 
(It is a result received for a "shaking hands" model ofathe standard man with a capacitive coupling from feet to a ground. 
The corresponding effective impedance is: z e  6.76 f, (V/A, MHz) and it changes its value from 338 V/A at 50 Hz to 67.6 V/A at 10 
MHz. For known permissible electric field intensity (J3). the corresponding permissible magnetic field intensity 0 can be calculated as: 
H = E /6.76 * f, ( A b ,  V/m, MHz) 

3D EQUIVALENT-CIRCUIT (IMPEDANCE) METHOD FOR SOLVING MAXWELL'S EQUATIONS. D.N. B~ecNer*, C.H. 
Dumey and O.P. Gandhi. Department of Electrical Engineering, University of Utah, Salt Lake City, UT 841 12 USA. 

Formulation This paper describes a new method for solving Maxwell's equations based on an equivalent-circuit formulation that is 
exactly equivalent to the finite-difference approximation to Maxwell's equations [l]. This equivalent circuit, which is based on the Yee- 
cell formulation, consists of an RLC circuit on each Yeecell face, with currents and voltages representing magnetic and electric fields, 
respectively. Because this method allows natural inclusion of circuit-model active devices, such as voltage and current sources and 
transistor models, it will be especially useful for hybrid systems containing lumped elements and propagating structures. This equivalent- 
circuit method is a generalization of Gandhi's impedance method to higher frequencies; it is valid at any frequency for which cell sizes are 
smaller than 0.1 1.. This formulation is valid in both the time and frequency domains. In the time domain it is exactly the same as the 
finitedifference time-domain method. In the frequencydomain, the steady-state solution is obtained directly by solving a set of linear 
equations (Ax = b), where the mamx A is complex, symmetric, and very sparse. 
Validation The method was validated in the frequencydomain by solving the equivalent circuit equations for several simple test cases 
with LINPACK's double complex LU decomposition routine and comparing with analytical solutions. Test cases include: (a) 2x2~2 cell 
capacitor, f=l MHz, 6=1 cm, M=31, maximum error in voltage = 0.00000878%; (b) 3x2~60 cell open-ended parallel-plate waveguide, f=l 
GHz, 6= 0.5 cm, M= 1030; (c) 16x2~20 cell shorted rectangular waveguide, f=3.09 GHz, k0.3125 cm, M=1607, max error in E or H = 
2.16%, CPU time on HP9000/850S = 782.6 seconds; where 6 is the cell size and M is the number of rows and columns in the matrix. 
Figure 1 compares numerical and analytical values of E and H for the parallel-plate waveguide test case. 
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Fig. 1. Numerical and analytical electric and magnetic fields vs position in wavelengths for test case (b). 

Numerical Techniques Although we used matrix inversion to validate the formulation, it is not practical for solving large sets of linear 
equations. The successive overrelaxation method (SOR), which has been used in the impedance method, worked for test case (a), but not 
for the others, probably because the system is non-Hermitian. Since the classical conjugate gradient method works only for Hermitian 
systems, it will not work here. The most promising is a new method by Freund and Nachitgal, the quasi-minimal residual algorithm 
(QMR) [2], which is related to the biconjugate gradient method. Our initial use of this algorithm (without preconditioning) gave 
encouraging results for test case (c), which required only 20.8 seconds CPU time, and gave good results except near the source. We expect 
that with further development and refiiement this method will be practical for very large systems. 
Conclusions The equivalent-circuit method generalizes the impedance method to higher fiequencies. It will be especially useful for 
hybrid systems that include both lumped elements and propagating systems and for systems where only the steady-state solution is desired. 
In the frequency domain, the method has the disadvantage that it requires solution of simultaneous equations, but the new QMR iterative 
technique appears to be a satisfactory method for doing so. The equivalentcircuit method should be useful for many bioelectromagnetic 
applications. We are presently using it to calculate specific absorption rates in magnetic resonance imaging systems. 
[ l]  Dumey CH, Christensen DA, McArthur P (1990): Equivalent circuit for Maxwell's equations. Twelfth Annual Meeting. 
Bioelectromagnetics Society. San Antonio, Texas, June 11-14. 
[21 Freund RW, Nachtigal NM (1994): An implementation of the QMR method based on coupled two-term recurrences. SIAM Journal on 
Scientific Computing, accepted for publication. 
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SESSION C-2: THEORETICAL MODELS OF ELF INTERACTION 
CO-CHAIRS: Kenneth Joyner and Charles Polk 

IC-2-11 
MOLECULAR SIMULATIONS: A NEW TOOL FOR BIOELECTROMAGNETIC RESEARCH. G. D'Inzeo, C. Militello* and L. 
Tarricone*. Dept. of Electronics, 00184 Rome, Italy. 

In these last decades, the development of computer power and architecture has allowed the simulation of the dynamics of complex 
macromolecular systems. A new scientific branch melting point of chemisay, physics, and computer science, called computational 
chemistry, has risen, and a new possibility to investigate on the microscopic reasons of the macroscopic behaviour of systems has been 
proposed. Molecular dynamics (MD) is a method to simulate the motion and response of a molecular system at atomic level, solving 
classical mechanics equations with statistical methods, typical of many-body systems. MD evaluates the behaviour Of atomic positions in a 
system. The observations of these motions allow to foresee the response to different stimulations, and also to investigate the conformation 
and stability of a system, understanding inner properties of biological systems. A MD code is typically based on a molecular model, which 
usually means choosing a proper definition of the force field acting on each particle, due to the existence of several superimposed effects: 
chemical bonds, Coulomb forces, Van der Waals forces, and so on. A correct choice of a force field is critical. The huge power of MD 
approach is fascinating, and we want to describe how we have started the customisation of a molecular simulation's package to the needs of 
a researcher dealing with bioelectromagnetism. First of all, a number of MD packages can be found available on the market. Among 
them, we have selected GROMOS (Groningen Molecular Simulation). Its force fields looks complete, and it is specifically devoted to 
biomolecular simulations in fluids. The equation for the force field includes terms due to bond angles and lengths, torques and stretches, 
non-bonded terms due to Van der Waals forces, and a Coulomb term for electrostatic interactions [l]. In GROMOS, a package of routines 
devoted to energy minimization can be found. Here we stress our attention on the customisation of GROMOS code to deal with the 
simulation of the system response to an external electric field. A theoretical study has been performed on the consequences of an external 
electric field on the force equations. Two possible approaches, one dealing with multipoles, the other with induced dipoles and single 
charges, have been evaluated. The second has been finally implemented. An ensemble of simulations has been generated, dealing with 
polipeptides in a water bath or only with water solution (hundreds of molecules). Systems have been studied both in standard situations 
and under exposure to electric static fields of different intensity (from Vlm to lo3 V h )  and polarizations for times of 0.1-1 11s. 
Interesting observations can be done on the relaxation times of the system, justifying these different behaviour. Dynamic changes in the 
system configurational state can be observed, and energy minimization can be used to identify electrostatic effects on the stability and 
conformation of the system. Research is now developing to manage with electrodynamic external fields and with larger biomolecular 
systems. 
111 W.F. van Gunsteren and H.J.C. Berendsen. Computer simulation of molecular dynamics: methodology, applications and perspectives 
in chemistry. Angew. Chem. Int Ed. Engl. 29 (1990) 992-1023 

COLLECTIVE OSCILLATOR MODEL: BIOSENSOR AND AMPLIFIER OF NONIONIZING ELECTROMAGNETIC 
FIELDS. Z. Hummel. Public Health Department of TolM County, Szekszard, Hungary, H-7100. 

Particles that interact with EM fields: (a) electrically charged particles (e.g.: ions); (b) electric dipoles (e.g.: helix part of transmembrane 
proteins); (c) magnetic dipoles (e.g.: unpaired spin of free radical). These particles are supposed to be able to follow the oscillation of 
external extra low frequency nonionizing electromagnetic fields (ELF NEWS). Assume that the population of these interacting particles 
is large. A possible mechanism for energy amplification of ELF NEWS carrying tiny energy packages is the oscillation of huge number 
of interacting particles in the same phase (collective oscillator) reacting to the external ELF NEW. A bioamplifier: the larger the 
population of the reacting particles the larger the total energy of the collective oscillator. Could one imagine that a single air molecule is 
able to damage a bridge? Never! However, if the fluctuating wind and the vibrational eigenfrequency of the bridge are in resonance, the 
damage of the bridge could be possible by the air molecules moving in the same phase and composing the fluctuating wind. Irreversible 
change, like damage, needs stable frequency and fairly long time in the case of low frequency vibration. But it is not necessary that the 
wind should be very strong (like in a hurricane). There is a good analogy between the bridge model and the biological effect of ELF 
NEMFs. Namely, frequency window (see resonance); intensity window (no breeze-no hurricane); oscillation with a single frequency for 
fairly long time (coherence time). This collective oscillator model try to answer to one of the main physical problem in 
bioelectromagnetics. How could ELF NEWS, having extremely small energy, produce irreversible change in biosystem? 

IC-2-31 
A MODEL FOR IONIC DIFFUSION IN A LIQUID DUE TO STATIC AND TIME-VARYING E- AND B-FIELDS. AHJ. 
Fleming*l and P.M. Farrell*2. Electromagnetic Compatibility Section, Telecom Research Laboratories, Clayton, Vic. 3 168, Australia. 
*Optical Networks & Systems Section, Telecom Research Laboratories, Clayton, Vic. 3 168, Australia. 

A random walk model for ionic diffusion in a liquid due to static and time-varying E- and B-fields has been developed. Using the random. 
walk model, a novel mechanism for B-field influenced ionic diffusion has been examined and compared with a commonly used viscous 
model. in particular, the predicted motion orthogonal to the B-field differs between the two models. Unlike the viscous B-field motion 
which orbits around the origin prior to ceasing motion in the transverse plane, the motion predicted by the random walk model continues to 
diffuse in the transverse plane while exposure is present. Another observation noted is that ionic diffusion due to E-field exposure is found 
to depend on velocity offsets orders of magnitude smaller than the final velocities. To this point in time, the model has been mainly 
applied using fields appropriate for uniform wave propagation. Combinations of E- and B-fields have been studied at realistic collision 
rates up to 7.8 x 1013 cols/sec. The results have been examined for a dependence on frequency. Due to propagation of a uniform field in a 
typical biological tissue, the field levels change across ELF frequencies. Corresponding to these effects, single steps and short sequences 
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of the random walk also demonstrate an ELF frequency dependence at realistic collision rates. The dependence does not account for 
reported experimental results, although further study of non-uniform exposures due to three dimensional geometries is required. The time 
averaged diffusive effects of time oscillations for a B-field have been found to be. non-zero. Finally, ionic diffusion due to the non- 
uniform static B-field near a biogenic magnetic dipole has been examined. 

1- 
CONSISTENCY BETWEEN PREDICTIONS OF THE PARAMAGNETIC RESONANCE MODEL OF LEDNEV AND 
ATTENUATION BY ELF MAGNETIC RESONANCE EXPOSURE OF ENDOGENOUS OPIOID-INDUCED ANALGAESIA IN 
A LAND SNAIL. F.S. Prato, M. Kavaliers*, JJL. Carson and K-P. Ossenkopp*. Bioelectromagnetics Western, University of Western 
Ontario and Lawson Research Institute, Department of Nuclear Medicine & Magnetic Resonance, London, Ontario, Canada N6A 4L6. 

The Paramagnetic Resonance Model (PRM) of Lednev1v2 predicts that magnetic field effects at extremely low fresuency follow the 
behaviour of a quantum mechanical charged oscillator produced when an ion such as Ca2+ is bound by a potential well created by a 
biomolecular complex. The operative equation of the PRM is n*2wf=(q im>B~~ where n is an integer from 0 to 00, f is the frequency of 
the magnetic field in Hz, q is the ion charge, m is the ion mass and B m  is the static field. Iff, B d n are chosen so that this relation is 
satisfied for a particular ion, then magnetic field effects are predicted to be proportional to (-1~+~*Jn(n*BAC/BDc) where BAC is the 
amplitude of the ELF magnetic field of frequency f, J, is the Bessel function o order n and BAC and BDC are parallel. We have 
previously shown3 that if f is set to 60 HZ and tbe above relation is solved for d+. then the P m  predicts extent of attenuation of 
endogenous opioid-imluced analgaesia in the land snail as BAC is varied from 0 to 297 pT With B w  fixed 8t 78 &T. initial result is 
consistent with separare experiments reported by Kavaliers et ul# which have shown that these antagonistic effects of ELF exposure on 
opioid analgaesia and nociception involves a calcium dependent second messenger system. We have now replicated this original finding 
and, additionally, have investigated the concordance of the PRM with experimental data when BDC was varied from 0 to 156 pT (with f 
and BAC fixed at 60 Hz and 141 pT) and when f was varied from 0 to 240 Hz (with BAC and BE fixed at 141 pT and 78 pT 
respectively). Nociceptive sensitivity of the land snail, Cepaea nemoralis, was measured as the latency of response to an aversive thermal 
surface. Individual hydrated snails were placed on a warmed surface (40.ortO.5 "C) and the time taken for them to display a characteristic 
elevation of their fully extended foot was determined and recorded as basal nociceptive sensitivity. They were exposed to 
(B=B~~+B~c*sin(2*x*f*t))  ELF magnetic fields for 15 min and tested a second time. The snails were then injected into the haemocoei 
with the enkephalinase inhibitor, SCH34826 (10 pg in 2 p1 saline), which increases endogenous opioid (enkephalin) activity and causes 
opioid-mediated analgaesia, as evidenced by a heightened latency of the response to the warmed surface. The snails were then exposed to 
the ELF for an additional 15 min and then tested a third and final time. A total of 556 snails were exposed to various combinations of 
BAC, B x ,  and f. The ELF magnetic field exposure chamber consisted of 3 mutually orthogonal square Helmholtz coils. Statistical 
analysis involved ANOVA which, if significant @<0.01), was followed by post hoc pairwise comparisons using the Bonferroni t-test. 
After the first 15 min exposure, no effect on basal nociceptive sensitivity was seen. At least one sham exposure group, in which B ~ c 4 . 1  
pT and B x = 7 8  pT, was run each experimental day. One exposure condition which corresponded to the maximum of the Bessel function 
for n=l, Le. (-1)2J1(1.805), was common to the BAC, BDC and f sweep experiments, i.e. B ~ c = I 4 1  pT, B ~ c = 7 8  pT and f=60 Hz. Wha 
compared to shamexposed snails (n=130), these latter conditions produced a mean (n=61) reduction of 39.1% in the latency of response of 
the SCH-ueated snails. This reduction in latency was used to calibrate the PRM for all other predictions. For the BAC sweep, groups of 
snails exposed to different BAC had significantly different latencies (pd.001). Further analysis showed that the PEW predicted values ((- 
1 ) 2 J ~ ( B ~ ~ / 7 8 ) )  and the experimental data were not significantly different for BAC from 0 to 297 pT, but that the model predictions did 
significantly deviate from the data at higher BAC values (peO.001). For the B m  sweep, groups of snails exposed to different BDC values 
had significantly different latencies (p<O.OOl). Post hoc testing indicated significant reductions of latency at B x = O  and Bx=I56 pT 
which are predicted by the model ((-l)lJo(O) and (-1pJ2(1.805)) to be increases in latencies rather than decreases. For the frequency (f) 
sweep, groups of snails exposed to different f values had significantly different latencies (pcO.001). Post hoc testing indicated sigmficant 
reductions of latency at 30,35,60,65,75,90,120 and 240 Hz. The PRM model predicts an increase in latency at a sub-harmonic at 30 Hz 
((-1)3J20.61)). The effects at 35,65,75 and 90 Hz may correspond to the width of the resonances at 30 and 60 Hz, whereas the effects at 
120 and 240 Hz may correspond to harmonics which are not predicted by the PRM in its current fonn but may correspond to the existence 
of additional vibrational modes1. The PRM predicts the qualitative aspects of our data. However, the probabilities, especially the sign of 
the effect were not seen and the predicted resonances were broad rather than discrete. Further experimental and theoretical studies are 
needed to further develop the PRM. The PRM predicts that biological effects will occur even when the amplitude of the effect is reduced 
to very weak levels. Therefore, this model is attractive as it provides a biophysical explanation as to how chronic exposure to weak 
magnetic fields could give rise to biological effects in humans as suggested by epidemiological studies. 
1. Lednev VV: Bioelecuomaenetics 1991, v12, p71-75 
2. Lednev VV: Elecmcitv and IVhQnetiSm in Bioloev and Medicine. San Francisco Press, 1993, p550-552 
3. Prato FS et al: BEMS 1993, vl5, p5 
4. Kavaliers M et al: Brain Reg 1991, v554, p65-71 

LL-L-3 J 
ION CYCLOTRON RESONANCE, THE GEOMAGNETIC FIELD, AND 50/60 HZ POWER LINE EPIDEMIOLOGICAL 
STUDIES. A.R. Liboffl and B.R. McLeod2. lDepartment of Physics, Oakland University, Rochester, MI 48309 USA. 2Electrical 
Engineering Department, Montana State University, Bozeman, MT 59717 USA. 

To date, the metric of prime interest in epidemiological studies of power line effects has been AC magnetic intensity. There has been only 
one reported attempt to examine the potential involvement of the geomagnetic field (GMF); this, despite the great interest in ACDC 
combined magnetic field exposures in the laboratory. In the past decade, many experiments have been designed using ion cyclotron 
resonance (ICR) as a working hypothesis, and a number of attempts have been made to put this hypothesis on a sounder theoretical basis. 
Our objective in this work is to provide the epidemiologist with a relatively simple means of broadening 50/60 Hz power line studies to 
include potential GMF correlations. The ICR condition is determined in part by the parallel combination of the AC and DC vectors. 
Merely specifying the DC field intensity at a given AC intensity is insufficient for purposes of ICR epidemiological correlation. As a 
simple first step in this direction, the AC field is assumed to be circuitally generated by a long straight conductor parallel to the ground and 
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the DC field is taken to be the local GMF. The parallel constraint on these vectors is equivalent to forming the dot product, such that one 
determines either the projection of BT, the (total) GMF vector, on BAC, the circuital field vector, or the projection of BAC on BT. 
Although both are numerically equivalent, the former is more readily expressed in terms .of practical GMF parameters. We find that the 
component of the total GMF BT that is parallel, at the power line 
elevation B, to the field BAC, is given by the expression B = B~(s in  

(or inclination), and 8 is the angle between the axis of the power line 
and magnetic north. The shaded area in the adjoining figure shows 
the limited region imposed by this analysis within which 51 1 mG is 
found parallel to AC power line Qelds, assuming a dip angle 
common to much of the U.S., a = 70 . The range of BT, 470 to 600 
mG, corresponds to possible U.S. GMF total field values. Although 
this plot gives the loci for the 3rd ICR harmonic of K+ at 60 Hz, it is 
clear that one can obtain similar loci for any other value of DC field. 
In the case we illustrate, to search for an effect at 5 1 1 mG, one can 
superimpose the BT, B and 8 values for residences where childhood 
leukemia has occurredodirectly on this graph to see how many points 
fall (1) within the 0-90 shaded area, and (2) on the specific compass 
heading curve. This approach can be used to find the parallel 
components of the GMF at any geographic point, not only within the 
U.S., but anywhere in the world. The GMF values for the Nordic 
countries and Australia are not radically different from that of the 
U.S. The DC magnetic field corresponding to the 3rd K+ harmonic 
at SO Hz is 425.5 mG. It is worth noting that the range of BT in the 
United Kingdom is rather narrow, (470-490 mG), possibly implying 
a different mean level (Le., a different odds ratio) of powerline 
related childhood leukemia cases in the U.K. compared to the U.S. This approach also represents, in principle, an easy add-on to existing 
or planned epidemiological studies because residential access is not required. Although we have used as an example one potentially 
interesting cyclotron resonance interaction, it is not difficult to extend this analysis to other GMF combinations and orientations. In view 
of the ready availability of the variables a, B, 8, and BT, we recommend their inclusion in the design of epidemiological studies aimed at 
probing the relation between power line fields and childhood leukemia. 

a cos B + cos Q sin B sin e), where a is the geomagnetic dip angle s9. 
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INTERACTION ENERGY OF FROHLICH COHERENT VIBRATION SYSTEMS. J. Pokomy* and J. Fiala*. Faculty of Math. 
and Phys., Charles University, 121 16 Prague, Czech Republic. 

J5nergy suppIied to a FrohIich coherent vibration system is condensed in the system provided the coupling with a heat bath is nonlinear. 
Interaction between Frohlich systems changes the amount of condensed energy. We analysed the condensed energy and the interaction 
energy and their dependence on various parameters (such as energy supply, nonlinear coupling with a heat bath, and "strength" of 
interaction). The Frohlich rate equations are used for modeling of energy condensation. The Frohlich rate equations are nonlinear 
equations, analytical methods of solution yields only elementary results and, therefore, computer simulation is used. Energy condensed in 
the Frohlich systems is not distributed in normal modes in accordance with the equipartition principle. Nevertheless, energy does not 
condense only in the lowest frequency mode as predicts the elementary analytical solution. Energy may condense in certain high 
frequency modes too. Energy condensed in the high frequency modes is more liable to be reduced at low energy supply and at strong 
coupling with a heat bath than energy in the lowest fiequency mode. Energy condensation is conditioned by nonlinear coupling with a heat 
bath but strong nonlinear coupling increases energy losses and reduces the condensed energy. At certain "threshold values of energy 
supply energy condensation steeply increases. The "threshold" values depend on coupling with a heat bath. Interaction energy of the 
Frohlich systems with weak coupling with a heat bath is negative and strong forces attract the systems. The Frohlich systems with snong 
coupling with a heat bath may have interaction energy negative as well as positive and weak interaction forces may be attractive or 
repulsive. In the region of the "threshold energy supply interaction energy steeply changes its absolute values. Interaction of the Frohlich 
systems with weak coupling and with strong coupling with a heat bath is analysed too. Regions where the interaction energy is greater and 
regions where it is smaller than interaction energy of the Frohlich systems with weak coupling with a heat bath are determined which 
discloses special properties of the systems. Analysis of energy condensation and interaction between Frohlich coherent vibration system 
reveals fundamental properties of these systems and of information transfer between them. The Frohlich systems are very likely located in 
protein molecules in living cells. Strong coupling of Frohlich coherent systems with a heat bath may be caused e.g. by protein 
phosphorylation. 
Supported by COST 244. 

-1 
THE REASONS OF GREAT DIFFICULTY IN REPLICATING NONTHERMAL BIOEFFECTS OF RADIOFREQUENCY 
ELECTROMAGNETIC RADIATION FROM THE THERMODYNAMICS ASPECT. Yu.P. Chukova*. All-Russian Research 
Institute of Canning and Vegetable-drying Industry (VNIIKOP), Vidnoe, Moscow region, 142703, Russia. 

A characteristic feature of nonthermal bioeffects of radiofrequency electromagnetic radiation (EMR) is the lack replicability of the result. I 
may be permitted to assert that the experimentalists can change for the better the situation if they use the advance of thermodynamics of 
irreversible processes. In recent years thermodynamics of irreversible processes has been put forward to explain processes of nonthermal 
direct conversion of the energy of EMR into free-energy of chemical bonds (endergonic process). Thermodynamic consideration of this 
conversion for different frequencies allows to compare the results for visible, infrared, ultraviolet and radiofrequency regions and bring to 
light the singularity of each region /l/. The poor reproducibility of radiofrequency bioeffects has a fundamental origin and is formed by 
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Bose distribution. In contradistinction to visible region the radiofrequency region has a very strong dependence of the efficiency of 
endergonic processes on the absorbed power /2/. This reason has three important consequences: 1/ there is a narrow zone, where the 
dependence of the efficiency on the power EMR can be observed, 2/ even small change in the value of the absorbed power may be enough 
to convert the sign of the effect (an endergonic process becomes exoergonic one), 3/ the rate of entropy generation as a result of the 
irreversibility of the process begins to play the leading part. The last factor is a reason of why the obtained results have been not been 
confiied by the best experimentalists in this discipline. In the light of this, we can make the following pronouncement about the 
published results. It is legitimate that during processing of a large quantity of data relating to one test, the experimenter was on the 
borderline of concluding that EMR has no action, although it was clearly visible in each separate experiment. All of American researchers 
have not observed any statistically significant alteration of bacterial colicin synthesis in E. Coli. The rate of entropy generation in the 
system is the factor beyond our control. It is necessary a special planned experiment to decrease its influence. So in order to make 
progress in this discipline the experimentalists must change the ideology of setting up an biological experiment: 1/ the experimentalists 
must study the separate object, 2/ they must look for the power windows of the existence of endergonic effects, 31 they must separate 
endergonic and exoergonic processes. If this were done, the research in this area would be on a solid base. Before that the 
experimentalists will be still pretty much in the dark having poor replicability of the results. 
1. Yu. P. Chukova. Effective non-equilibrium radiation tempemure (Weinstein temperature) and fundamental thermodynamic prohibition 
of endergonic reactions.- Russian Jour. of physical Chemistry, 1990, v. 64, pp. 16-19. 
2. Yu. P. Chukova, Biological response to radiofrequency electromagnetic radiation.- Dokl. Biological Sciences. Proceedings of the 
Academy of Sciences of the USSR, 1990, v. 3 11, pp. 237-239. 

j 
THE OUT OF EQUILIBRIUM STEADY STATE OF A CELL AS REFERENCE FOR EVALUATING 
BIOELECTROMAGNETIC EFFECTS. A. Chiabrera, B. Bianco, E. Moggia* and T. Tommasi*. Dept. of Biophysical and Electronic 
Engineering, Univ. of Genoa, 16145 Genoa, Italy. 

The proposed mechanisms of interaction between electromagnetic (em) fields and cells have been reviewed in [l]. No one is, so far, 
satisfactory in explaining observed bioeffects of em exposure. This paper attempts to outline some common features and criticize some 
aspects of the available models, offering some general guidelines to the bioelectromagnetics scientific community. The paper deals with 
the early step of the interaction mechanisms, when the em signaIling must induce a change in a biological process by circumventing at 
least the thermal (white) noise. The first remark is that any cell "messenger" subjected to the em. exogenous exposure is normally affected 
by em endogenous field of forces due to the biomolecules that populate its microenvironment. Such an ndogenous field can be evaluated 

reversing its direction several times over the distance of 1 nm. The inclusion of such a space-varying endogenous force in any model 
implies non linear effects on the motion of the messenger targeted by the exogenous em field. In general, the superimposition principle is 
no longer valid, irrespective of the exogenous field being small. The large intensity gradients of the endogenous forces are then crucial in 
modelling the bioeffects of small exogenous fields. Another aspect is related to the loss of energy of the messenger suffering random 
collisions during its movement. In classical term, the phenomenon is described by means of a collision frequency which is related to the 
effective "local" viscosity. In quantum terms, the messenger decays to the ground state from any other state, with a characteristic lifetime. 
As a first thumb rule, one can assume that the order of magnitude of the quantum lifetimes is the inverse of the classical collision 
frequencies. Such a loss of energy strongly depends on the endogenous field, which may deplete the microenvironment of colliding 
(water) molecules. The onset of a Rnudsen regime occurs and the collision frequencies (decay lifetimes) become very small (large) with 
respect to the typical values found, for xample, in bulk water. This conclusion implies that the model should consider small values for the 

the existence of noise, due to the interaction of any system with a thermal bath, as an unavailable background overwhelming any small 
intensity em exposure. The model must allow the evaluation of its "output" in presence, at least, of thermal noise, without and with 
exogenous exposure. The comparison of the outputs in the two situations allows to reach a conclusion about a possible bioeffect of the 
exggenous exposure. The last and most crucial remarks, address the identification of the cell reference state, when the em exposure is 
switched off. It is widely accepted and rather acceptable the assumption that the reference is a steady state. Such an assumption, so far, 
has implied also thermd equilibrium. In other words, in absence of em exposure, the outputs of all the models so far proposed correspond, 
explicitly or implicitly, to their thermal equilibrium values. This implication has, in general, little to do with reality. In fact, the cell 
reference state is out-of-equilibrium, because of biochemical processes which maintain the living steady state. Such a source of dc power 
must enter any model, in a suitable way. A chemical field of force should be considered, in addition to the previous endogenous field 
obtained by the protein data bank. The fundamental non linearity of the model could provide the conversion of such a dc power into a 
biologically relevant output, under the "control" of the small signal em input exposure. Two examples are given for the evaluation of the 
out-of-equilibrium state in the case of the Langevin-Lorentz classical model and of the Zeeman-Stark quantum model [ 11. 
(11 A. Chiabrera, B. Bianco, G. DInzeo, Biophysical Mechanisms, Martin Blank Ed., Electricity and Magnetism in Biology and Medicine, 
S. Francisco Press, 1993, pp 4349. 
[2] A. Chiabrera, B. Bianco, E. Moggia, T. Tommasi, The Interaction Mechanism of EM Fields and Ion Adsorption: Endogenous Forces 
and Collision Frequency, 2nd EBEA Congress, Bled, Slovenia, Dec 91 1,1993 and Bioelectrochem. and Bioenerg., 1994, in press. 

by an educated guess or by the protein data bank. The corresponding force can be as large as 10- ti N and can change dramatically 

collision frequencies, e.g. less than 10 s Hz (large values for the decay lifetimes, e.g. larger than 1 ms) [2]. The third remark is related to 
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EFFECT OF THERMAL AND OTHER EXCESS MEMBRANCE NOISE ON THE AMPLITUDE AND FREQUENCY 
THRESHOLDS FOR EMF BIOEFFECTS. A.A. Rlla, P.R. Nasser* and JJ. Kaufman*. Bioelectrochemistry Laboratory, Department 
of Orthopaedics, Mount Sinai School of Medicine, New York, NY 10029 USA. 

The problem of the sensitivity of living cells and tissues to induced electric fields from exogenous EMF signals is principally related to the 
ratio of signal amplitude to that of all voltage noise sources (SNR) at the target site. The operating premise is that the exogenous EMF 
signal induces a change in transmembrane voltage: i) large enough to be detected above the background fluctuations in uansmembrane 
voltage due to noise; and ii) containing frequency components for which the amplitude is sufficient to alter the kinetics of the target 
pathway. The noise sources in biological membranes are due to thermal, flicker ( lR,  shot and conductance fluctuations. The latter three 
are termed excess (over thermal) noise and usually relate to ionic membrane processes. Excess noise is thus band limited, with the 
amplitude of its spectral components falling below that of thennal noise at frequencies above 100 Hz. The maximum amplitude in the 
excess noise spectrum depends upon the state of ionic activity of the membrane. Experimental values near DC of 1-2 orders above thermal 
noise are commonly measured. The spectral density of excess noise can be described by a Lorentzian function and simply added to the 
thermal noise spectrum for the evaluation of SNR. Thermal noise is white, Le., not band limited, having constant amplitude at all 
frequencies. The thermal noise is filtered by the overall cell array impedance to determine the final spectral density due to thermal noise. 
In this study the cell array tissue model is utilized to evaluate realistic values for S N R  in the presence of thermal and excess noise, and the 
frequency range over which these values can be obtained. A useful model for a cell amy is a distributed parameter electrical analog 
(transmission line), allowing the induced transmembrane voltage, VM, to be evaluated as a function of frequency and position along the 
array. This has been performed for membranes at which the excess noise sources are ion binding pathways coupled with follow-up 
biochemisrq. The results show that VM increases exponentially with array length, allowing several orders of magnitude higher sensitivity 
for a 1 mm cell array (e.g. Dipteran salivary gland) than for a single 10 pm cell. However, the frequency range in which maximum spatial 
amplification occurs decreases as array length increases. The longest arrays behave as low pass filters having maximum throughput at 
frequencies below 10-100 Hz. The calculation of the thermal noise spectrum, S,Q, for this membrane model shows that it depends on 
array length, extra and intracellular r sistance pathways and the transmembrane impedance. The excess noise specnum was evaluated via 

together and integrated to lo7 Hz, the upper useful frequency for membrane dielectric response. This integral was used to evaluate root 
mean square (RMS) noise, and signal to noise ratio (SNR) was evaluated as VM/RMS. This was compared to SNR evaluated using 
thermal noise alone. The results show that, for both cases, S N R  is several orders of magnitude larger for a 1 mm array, compared to a 10 
pm cell. The addition of excess noise had a negligible effect on SNR, decreasing it by a maximum of 35%. These analyses show that, in 
the presence of all membrane noise sources, the thresholds for amplitude and upper frequency are approximately mV/cm and 10-100 
Hz, respectively for 1 mm cell arrays. 

a Lorentzian function (SA0 = W[l+k 5 02]. where k is the excess noise amplitude at DC). The thermal and excess noise spectra were added 

pTj 
THERMAL ELECTRICAL NOISE IS NOT SPATIALLY COHERENT ACROSS MULTI-CHANNEL GAP JUNCTIONS. P.C. 
Gailey. Oak Ridge National Laboratory, Oak Ridge, TN 3783 1-70 USA. 

A detailed analysis of thermal or Johnson/Nyquist noise has been performed for a model of a multi-channel gap junction to investigate the 
degree of correlation between noise signals occurring at different channels in the junction. Individual channels within the gap junction are 
modeled as aqueous pores and a discrete channel resistance is calculated using a typical value for the conductivity of cytoplasm. The 
equivalent circuit for the gap junction consists of a parallel combination of resistances each representing individual channels of the 
junction. In addition to the channel resistances, the model includes calculated values for the access or spreading resistances which occur 
due to the limited volume of cytoplasm available for passage of current at the mouths of each channel. A mathematical evaluation of the 
access resistance indicates that about 90% of the total resistance occurs within a few nanometers of the mouth of the channel which is less 
than the spacing between channels. On this basis, the access resistances are approximated as discrete resistances associated with the 
mouths of each channel. Thermal noise (rms) voltages are calculated for each resistance within the equivalent circuit and a statistical 
analysis is performed to determine the degree of correlation between net noise signals experienced by arbinary channels in the junction. 
The analysis reveals that the degree of correlation depends on the number of channels in the junction as well as the relative values of the 
channel and access resistances. Normalized correlation between net noise signals occurring at different channels ranges from one for a 
junction consisting of two channels to about 0.001 for a junction consisting of 10,000 channels. This fmding is important because many 
types of gap junctions have been shown to exhibit voltage sensitivity. The minimum externally-applied potential to which a junction could 
theoretically respond is determined by the noise levels occurring at the junction. If the noise is spatially coherent across the junction, then 
the minimum detection limit is set by the total noise at the junction. If the noise occurring at each channel in the junction is incoherent, 
then direct comparison of the applied signal to the overall junction noise is inappropriate. An alternative method of calculating theoretical 
minimum detection limits can be developed by comparing the effects of the induced signal on junction conductivity to the normal 
fluctuations in conductivity predicted by statistical analysis. 
This research was supported by the Office of Energy Management, U.S. Deparunent of Energy under contract DE-AC05-84OR21400 with 
Martin Marietta Energy Systems, Inc. 

-1 
INTERFERENCE OF THE VIBRATIONAL ENERGY SUBLEVELS OF THE IONS BOUND IN THE CALCIUM-BINDING 
PROTEINS AS THE BASIS FOR THE INTERACTION OF WEAK MAGNETIC FIELDS WITH THE BIOLOGICAL 
SYSTEMS. V.V. Lednev. Institute of Theoretical and Experimental Biophysics, Russian Academy of Sciences, Pushchino, MOSCOW 
Region, Russia 142292. 

The mechanism for the influence of weak magnetic fields on biological systems, suggested earlier (V.V. Lednev, Bioelectromagnetics, 
1991, 12,71-75) has been developed further. It is shown, that weak static and modulated magnetic fields affect the biosystems due to the 
interference between the coherent vibrational energy of Zeeman sublevels of the ions bound in the calcium-binding proteins such as 
calrnodulin or protein kinase C. The weak magnetic fields affect the spatial distribution of the vibrational energy of the bound Ca/*. which 
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is considered as isotropic stochastic oscillator with the timedependent amplitude and phase of vibration. This, in its turn, influences the 
dynamics of allosteric interaction between the binding sites for Ca+2, Mg-ATP and substrate in the calmoddin-kinase complex or in the 
protein kinase C in the course of the corresponding biochemical reaction. The suggested mechanism allows us to make a number of 
quantitative predictions, which fit rather Satisfactorily most of the available experimental data. In particular it predicts that: (i) the half- 
width of the response of a biosystem to the modulated magnetic field tuned to the parametric resonance conditions is defied by the life- 
time of Ca+2 in the strong binding sites of the calcium-binding protein; (ii) the bioeffects of the static and of the seemingly non-resonant 
50 or 60 Hz alternating magnetic fields may be caused by the interaction of these fields with the weak CY2-bi ding sites in calmdulin- 
kinase complex; (iii) the interference of the coherent vibrational Zeeman sublevels of the stochastic Ca+f-oscillator provides the 
sensitivity of biosystems to the extremely weak electromagnetic signals on the background of thermal noise. The last prediction is the 
most important feature of the suggested mechanism. 

p r j  
REINTERPRETATION YF WHOLE ANIMAL DATA USING THE ION PARAMETRIC RESONANCE MODEL. JP. 
Blanchardl, C.F. Blackman , D.E. House*2. lBechte1 Corporation, Research & Development, San Francisco, CA 94119-3%5 USA. 
2US Environmental Protection Agency, Research Triangle Park, NC 2771 1-2055 USA. 

Recently reported data on the behavioral response of land snails exposed to parallel ac and dc magnetic fields (Rat0 et al., 1993) 
demonstrated limited agreement with the predictions of an interaCtion model proposed by Lednev (1991). WinteaaCtim model d d & s  
the influence of only a single ion speci 
thefitofthedatatomodelpredictions 
(Blanchard and Blackman, 1994). The IPR model corrects mathematical mors found in the Lednev d e l  and allows involvement of 
more than one ion resonance class in the interaction process. Using standard statistical methods, we characterized tbe best fit of the 
reported data to the predictions of both the Lednev model and the IPR model. Although the limited number of data points from the land 
snail study makes curve fitting to the predictions of any model tenuous, there is a substantial improvement in fit demonstrated with the P R  
model compared with the Lednev predictions. When combined with previously reported results that examined the influence of magnetic 
fields on nerve growth factor stimulated neurite outgrowth in PC-12 cells (Blackman et al., l994), these result provide funher evidence of 
a causal relation between magnetic field exposures and biological effects and suggest that IPR model predictions can be applied to whole 
animal studies. 
(JPB supported by internal funding from Bechtel R&D. CFB partially supported by DOE Office of Energy Management iAG#DE-AIOI- 
89CE34024. This is the abstract of a proposed presentation and does not necessarily reflect EPA policy.) 
Blanchard JP, Blackman, CF (1994): Clarification and Application of an Ion Parametric Resonance Model for Magnetic Field Interactions 
with Biological Systems. Submitted to Bioelectromagnetics. 
Blackman, CF, Blanchard, JP, Benane, SG, House, DE (1994): Empirical Test of an Ion Parametric Resonance Model for Magnetic Field 
Interactions with PC-12 Cells. Submitted to Bioelectromagnetics. 
Lednev VV (1991): Possible mechanism for the influence of weak magnetic fields on biological systems. Bioelectromagnetics 1 2  7175. 
Prato, FS, Kavaliers, M, Carson, JJL., Ossenkopp, K-P (1993): Magnetic Field Exposure at 60 Hz Attenuates Endogenous Opioid-Induced 
Analgaesia in a Land Snail Consistent with the Quantum Mechanical Predictions of the Lednev Model. Abstract A-1-1, Fifteenth Annual 
Meeting of the Bioelectromagnetics Society, Los Angeles, CA, June 1993. 

-1 
LOW-FREQUENCY ELECTROMAGNETIC PERTURBATIONS IN THE CA2+ OSCILLATOR FEEDBACK LOOP. A.R. 
Liboff and S. Cherng. Department of Physics, Oakland University, Rochester, MI 48309 USA. 

We have suggested (1) that the cellular Ca2+ oscillator is a likely candidate to respond to weak ELF electromagnetic (EM) perturbations: 
(a) the free energy content of the oscillator can affect voltage-gated channels; (b) the oscillator is intrinsic to the intracellular signalling 
ap aratus, such that perturbations will alter frequency-encoded messages leading to changes in cell function; (c) the oscillator is fed by a 
CE% feedback loop containing elements (ion channels, calcium-binding proteins, ...) with eigenfrequencies that may be excited by low- 
frequency EM signals, such that major changes in the dominant modes of the CaO can result from ultra-low energies. Some indication of 
this prediction is evidenced in recent work (2) showing that 1 gauss, 50 Hz sinusoidal signals are capable of inducing Ca2+ oscillations in 
Jurkat T-cells in vitro. It is also likely that the widely observed variations in free calcium in lymphocytes exposed to weak ELF magnetic 
fields, first reported by Rozek et al(3). is a manifestation of ELF inter tions with the CaO. We have extended this hypothesis to include 
the likelihood of limit cycles resulting from describing the CaO& feedback loop in terms of the Van Der Pol Equation. The 
corresponding equivalent circuit, however, requires that an inductance be included. It is interesting that recent work by Fishman (4) raised 
the possibility of "inductance-like" behavior in K+ channel conductance. Inductive circuit elements are also consistent with ion cyclotron 
resonance mechanisms. On the other hand, Adair (5) has concluded that cellular inductance is at most vanishingly small, of the order of 10 
pHenrys. We observed inductive behavior in measurements studying calcium-dependent calmodulin (CAM) activation of 
phosphodiesterase (6). Thirty minute exposures to DC magnetic fi ids ranging from 169 to 237 mG significantly enhanced activauon, 
with, however, no additional enhancement observed when 16 Hz C$+ cyclotron resonance magnetic fields were simultaneously applied. 
The large number of samples obtained over this range enabled us to calculate the autocorrelation function for the magneticallydependent 
activation process. The Fourier transform of the autocorrelation function resulted in a spectrum with a welldefmed absorption peak at 52 
Hz, implying that CaM (or the CWenzyme complex) has an intrinsic relaxation time. The appearance of a "natural frequency" for CaM, 
an important component in the cell signalling apparatus, is consistent with the larger concept that cell function is intimately related to Ca2+ 
oscillations. The fact that CaM activation is also magnetically sensitive is consistent with our argument that weak EM signals can affect 
cell function by perturbing the CaO. 

1. A.R. Liboff et al, 15th annual meeting, BEMS, Los Angeles, June 14,1993. 
2. E. Lindstrom et al, J. of Cellular Physiology 156: 395-398, 1993. 
3. R.J. Rozek et al, Cell Calcium 8: 413-427, 1987. 
4. H.M. Fishman, BEMS Supplement 1: 87-100, 1992. 
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5. R.K. Adair, Physical Review A 43: 1039-1048, 1991. 
6. A.W. Bull et al, in Elecmcitv and Magnetism in BiolQpv and Medicine, ed. M. Blank, 1993. 

COMBINED ENVIRONMENTAL EXPOSURES TO CHEMICALS AND TRANSIENT MAGNETIC FIELDS: A 
HYPOTHESIS FOR POSSIBLE HUMAN HEALTH HAZARDS. J.C. Weaver. Harvard-MIT Division of Health Sciences and 
Technology, Massachusetts Institute of Technology, Cambridge, MA 02139 USA. 

Exposure of humans to toxic chemicals is a well established environmental hazard, and has been the focus of considerable research and 
regulatory activity. An expanded, general hypothesis is that the toxic effects of some environmental chemicals might be enhanced because 
of exposure to electromagnetic fields. Although direct field modulation of local chemical reaction rates could be considered, a larger effect 
may OCCUT if fields influence the access of foreign chemicals to intracellular reaction sites. 
Here we consider a sub-hypothesis: transient magnetic fields stimulate uptake of foreign molecules that are present because of a previous 
chemical exposure. These potentially toxic molecules may not be the usual toxic molecules, as recognized toxic molecules are generally 
lipophilic, and readily permeate cell membranes. This more specific hypothesis is motivated by the foIlowing considerations: 
[ 11 Alteration of a very small subpopulation of cells can have significant biological consequences. In the extreme case of mutations, 
alteration of only one cell can be significant. Chemical induced mutations are well known; in this case the required energy originates from 
chemical free energy. Thus, if a transient magnetic field can cause molecular uptake of an external mutagen. a significant biological effect 
is achieved, but the energy involved in mutation comes mainly from chemical free energy, not field energy. 
[2] Recent fmdings of residential magnetic field transients of many different types, some of which have large B and/or dB/dt.l** Still 
larger values may occur, but far less often, and could cause uptake even if they are rare. 
[3] Rare human diseases are considered in epidemiological studies that involve environmental electromagnetic fields. A requirement that 
both a prior chemical exposure and a magnetic field exposure occur will decrease the frequency-of-occwence of any effects, with only 
chemically-exposed individuals susceptible. 
[4] Rare but large transients could exceed endogenous fields within the human body, and thereby overcome a fundamental objection that 
endogenous fields are usually believed to be much larger than those caused by environmental fields.3 
[5] Electromagnetic fields may cause stimulated uptake by "rare electroporation" or through alteration of metabolically driven transport 
pathways! 
Basic issues that should be considered in testing this hypothesis will be discussed. 
1. Guttman, J., J.C. Niple, and J.M. Silva, High-Bandwidth Measurements of Transient Magnetic Fields in Residential Environments, 
1993. Proceedings of the First World Congress for Electricity and Magnetism in Biology and Medicine, M. Blank (Ed), San Francisco 
Press, pp. 858 - 860. 
2. Guttman, J., J.C. Niple, and J.M. Silva, Preliminary Results of the California Pilot Study: A Measurement Survey of Transient Magnetic 
Fields Performed in 21 Residences, 1993. DOE Contractors Meeting, Savannah, GA 
3. Weaver, J.C., "Electromagnetic Field Dosimetry: Issues Relating to Background, Noise and Interaction Mechanisms," 
Bioelectromagnetics, vol. Suppl. 1, pp. 115 - 117,1992. 
4. Weaver, J.C., "Electroporation in Cells and Tissues: A Biophysical Phenomenon due to Electromagnetic Fields," Radio Science. 
(submitted) 

SESSION D-1: CLINICAL SYMPOSIUM ON BIOELECTROMAGNETICS 
IN MEDICINE 

(Joint BEMS-SPRBM Session) 
CHAIR: C.A.L. Bassett 

1 
INTRODUCTION. C.A.L. Bassett. Bioelectric Research Center, Riverdale, NY 10463, USA. 

[WJ 
THE USE OF PULSATING ELECTROMAGNETIC FIELD STIMULATION IN TREATMENT OF FRACTURE NONUNION - 
WILL IT BE VALID IN THE YEAR 2000? H.R. Gossling* and C.A.L. Bassett. University of Connecticut Health Center, Department 
of Orthopaedic Surgery, Farmington, CT 06034437 USA. 

The use of pulsating electromagnetic field stimulation is a clinically acceptable alternative to management of fracture nonunion in the 
orthopaedic community worldwide. Since the observation of piezoelectric current produced in mechanically stressed bone by Fakuda and 
Yasuda there has been an explosion of scientific observations related to the biological effects of electrical stimulation in living and in 
laboratory modeled environments. It is now unchallenged that electrical stimulation does in fact exert observable and reproducible 
biological responses at the cellular and molecular level. There is little challenge to the observation that electrical currents properly applied 
can alter cell metabolism in such a way to enhance fracture healing in otherwise biologically dormant environments. One of the most 
important responses to electrical stimulation both in vitro and in vivo has been the stimulation and acceleration of angiogenesis within the 
healing environment. 
It can be safely stated that clinically experiences demonstrated the following: 
(1) Pulsating electromagnetic field stimulation used in fracture healing is safe. 
(2) Primary fracture healing does not appear to be significantly benefited by elecmcal stimulation by pulsating electromagnetic fields. 
(3) Treatment with pulsating electromagnetic fields is cost-effective when properly applied. 
As these clinical successes have been recorded, scientific understanding of fracture nonunion and the genetic controls of the fracture 
environment are becoming better understood. The discovery of bone morphogenic protein and the multitude of growth factors as critical 
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elements in the fracture healing process opens new frontiers in the management of fracture healing. Further, the addition of bone 
substitutes with enhancement by enzymatic substances has opened new challenges and opportunities in the management of fracture 
nonunion. The continued validity of electrical stimulation in these environments has yet to be established. The author suggests pulsating 
electromagnetic fields will continue as a valuable tool in combination with these biological stimulants to the healing process in fracture 
nonunion. 

ID-1-31 
A DOUBLE-BLIND TRIAL OF PEMFS FOR DELAYED TIBIAL UNION - CLINICAL FOLLOW-UP. J. Sharrard, Sheffield S10 
5DL, England. 

In 1990, the results of a double-blind trial of pulsed electromagnetic fields (PEWS) for delayed union of tibial fractures was published (J 
Bone Joint Burg [Br] 72B, 147-55), based on radiographic evidence of union after 12 weeks of treatment by plaster immobilization with 
PEMFS compared with treatment by plaster immobilization alone. The radiological outcome was determined blindly either by myself or 
by a radiologist colleague. My own orthopaedic assessment had, as its endpoint, radiological evidence of union sufficient to allow 
treatment by immobilization to cease; in the active group, treated by PEMFS, 11/20 showed good progress to union compared with 8/25 
controls. The radiologists assessment had, as its endpoint, purely radiographic evidence of bony union; in the active group 10/20 showed 
union or good progress to union compared with 2/25 controls. If the results in the two assessments are combined, progress to union was 
present in 13/24) (65%) in the active group and 8/25 (32%) in the control group, a highly significant result (p = 0.009) and indicating thaf 
PEMFS do influence bone healing assessed radiologically. A positive radiological result is, howwer an intermedt. 'ateresult. Todetermine 
whether radiographic evidence of healiig after 12 weeks was able to predict a final outcome of SUCCeSSN frslcture union with restoration 
of bone function without the need for surgical treatment, long-term cWcaI data were collected and analyzed. After the end of the study, 
the choice of further treatment was left to individual surgeons, depending on the condition of the patient. Some patients were allowed to 
mobilize; 8 patients who had previously received placebo treatment, requested active PEMF treatment; others were ueated by bone 
grafting or other surgical means. The clinical condition of all the 45 patients who engaged in the uial was reviewed at an average interval 
of 2 years (median 15 months) after the initiation of treatment in the trial. Three patients, all of them in the controi group, were lost to 
follow-up. Healing without surgical treatment occurred in 17/20 (85%) of the active treatment group compared with 8/20 (36%) in the 
control group (p = 0.00134). Of the 8 patients in the control group who opted for PEMFS treatment at the end of the double-blind study, 
6/8 went on to heal without surgery and 2/8 required surgical treatment. The aim of treatment of delayed union or non-union of a fracture 
by PEWS is to enhance union by conservative management. This end-result study confirms that PEMFS significantly influence the f i  
outcome of fracture union and can be regarded as an alternative, or, in complex or infected fractures, as preferred treatment to surgical 
management. 

EFFECT OF PULSED ELECTROMAGNETIC FIELDS (PEMF'S) ON BONE FORMATION AND BONE LOSS DURING 
LIMB LENGTHENING: A PRELIMINARY REPORT. K.S. Eyre and M. Saleh. University Department of Orthopaedics, Sheffield, 
England. 

We have studied prospectively the effect of pulsed electromagnetic fields (PEWS) on bone formation and disuse osteoporosis sustained 
during limb lengthening in a double-blind study. Over an eighteen month period, 7 males (mean age 13 years, range 11 to 19 years) and 6 
females (mean age 12 years, range 9 to 19 years) randomly received either an active or a dummy unit. Limb lengthening was perFormed 
by the Villarubbias technique with a unilateral external fixator system (Orthofix or Sheffield fixator) in 11 patients (85%) and a circular 
frame system in the remaining two patients (Ilizarov and Sequoia respectively). Bone density measurements were made using dual energy 
X-ray absorptiometry (DXA) with a specially modified low-threshold analysis programme. 
7 patients (2 males and 5 females) received 'active' coils and 6 patients (4 males and 2 females) received 'dummy' coils. Although there 
was no significant age difference between the two groups (14.4 years and 13.6 years respectively), 10 segments (8 tibial and 2 femoral) 
were lengthened in the 'active group' compared to only 8 segments (6 tibial and 2 femoral) in the 'dummy group'. 
Whereas there was no significant bone loss detected in patients treated with active coils until 2 months after surgery (reduced by IO%e% 
control values), marked losses occurred eaalier in the patients ueated with dummy coils (reduced by 23%&3% and 33%*4% after one and 
two months respectively; p<O.OOOl). These difference were greater at twelve months after surgery (reduced by 87%&4% and 46%k5% 
respectively; p<O.OoOl). Although there was no signifcant effect on new bone formation with active PEWS, there was a significant 
reduction in disuse osteoporosis. Further study with PEMFs of different waveform is required to assess their effect on bone formation. 

THE TREATMENT OF OSTEONECROSIS OF THE FEMORAL HEAD WITH PEMF. R.K. Aaron1 and B.A. Pethica2. 
bthopaedic Research Laboratory, Brown University, Providence, RI 02906 USA. 2Columbia University, New Yo&, NY 10012 USA. 

Radiographically apparent osteonecrosis of the femoral head (ONFH) in the adult is generally considered to be a progressive condition in 
80-90% of patients with progression occuning within 2-3 years from the onset of symptoms. Because osteonecrosis occurs in young 
adults, a number of surgical procedures have been devised to conserve the femoral head. Each of these procedures has achieved some 
success but has had major limitations in application. This study compares results from three groups of patients with ONFH treated with 
protected weight beariig, core decompression or PEW, and characterized by the same clinical and quantitative radiographic methods. 
From this data, risk factors which correlate with more rapid progression to total hip replacement or advanced joint destruction are 
identified. The efficacy of each treatment modality is assessed in groups matched by determined risk factors for progression. 
MATERIALS AND ME "HODS; 630 hips undergoing treatment with one of three hip-preserving treatments for ONFH have been studied 
with an average follow-up of 36 months. 436 hips have been taken from a multicenter trial of the role of PEMF in ONFH. Hips were 
treated with an inductively coupled electric stimulation device (EBI) according to a protocol reported elsewhere. 110 hips underwent core 
decompression. 84 hips were treated with protected weight bearing. Demographic information was collected on all patients. Hips were 
assessed clinically with a modified dAubigne pain score. Radiographic assessment was carried out with a quantitative method reported 
elsewhere. Hip survival was measured by Kaplan-Meier l i e  table analysis. Risks factors for rapid progression were determined from the 
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life tables by the Log Rank and Wilcoxin methods. For analysis of outcome in the three treatment groups, hips treated with protected 
weight bearing or core decompression were matched with hips treated by PEMF according to the determined prognostic risk factors for 
progression. 
RESULTS: No demographic factor presented a consistent risk for more rapid progression. Neither the duration of symptoms nor the 
presumed associated etiology correlated with more rapid progression to hip failure. The pain score on initial presentation was a significant 
risk factor for progression. Radiographically, the Ficat grade on initiation of treatment correlated strongly with rate of progression. 
Analysis of hip survival in populations matched by prognostic variables demonstrated that both core decompression and PEMF preserved 
all Ficat I hips while only 38% of hips treated with protected weight bearing were preserved. Both PEMF and core decompression were 
effective in preserving Ficat stage 11 hips (76% and 70% being preserved, respectively). Of Ficat III hips. treatment with PEW preserved 
53% compared to 27% treated with core decompression. Only 10% of Ficat Ill hips treated with protected weight bearing were preserved. 
DISCUSSION This study has presented outcome results of hips matched for determined risk factors for progression for three hip- 
preserving strategies. Core decompression and PEMF both provide significantly greater hip preservation compared to protected weight 
bearing in Ficat I and I1 hips. However, treatment with P E W  results in significantly greater hip survival in Ficat 111 hips. Since core 
decompression does not appear to offer much benefit over protected weight bearing in this group, treatment with E M F  has particular 
application to hips with sn~ctural failure. 

ID-161 
FIVE YEARS FOLLOW UP IN EMF TREATMENT OF AVASCULAR OSTEONECROSIS. M. Hinsenkamp, J9. Hauzeur* and 
S. Sintzoff, Jr.*. Hospital Erasme, Brussels University, 1070 Brussels, Belgium. 

EMF stimulation was applied using a pair of Helmholtz coils. The induced single pulse, measured in a probe centered on the target area is 
a quasi-rectangular pulse of 380 microseconds wide repeated at a frequency of 72 Hz. 
The population consisted of a series of 19 patients with 29 ON of the femoral head and 2 ON of the femoral condyles, 28 of them were 
treated. The mean age was 46 equally distributed between the 30s, 40s and 50s. There were 12 men and 7 women. In our series, steroids 
were present for long term treatment in 58% of cases. The clinical results are based on 28 osteonecroses evaluated after 36 months of 
treatment and 13 after a mean period of 54 months. One case of Ficat I remained asymptomatic after 54 months. At three years all Ficat II 
had improved as they had after the longest follow-up of a mean period of 58 months(47-68). No one required surgery. In F ia t  111 after 
three years, 50% improved or showed no degradation while 50% required surgery. This increased to 59% after a mean period of 54 
months (47-68). For the Ficat IV two required surgery after 7 and 8 months' treatment and one was still improving after 54 months. 
The X-ray results. are based on 22 osteonecroses after 36 months and 13 after a mean period of 54 months (47-68). X-rays were repeated 
every 2 months in the first year and then every 3 months. CT' scans and MRI were repeated every 6 months. The comparison was made 
between the status at the beginning of the treatment and after 3 years, and after the longest follow-up ranging from 40 to 68 months. One 
case of Ficat I remained invisible on X-rays after 54 months. At 36 months in 6 cases and after a mean period of 58 months (47-68) in 4 
cases all the Ficat 11 had improved or showed no modification. In FicatqII after 3 years 50% of the X-ray lesions had altered and this 
increased to 64% after a mean period of 53 months (40-68). After 54 months the remaining Ficat IV showed an unexpected absence of 
degradation in the X-ray parameters. 
CT Scan and MRI examinations are indispensable for the classification at the beginning of the treatment. During the evolution in this 
series they reflected roughly the X-ray evolution. With a view to a statistical evaluation of the effect of the treatment, we regrouped the 
stage Ficat I1 and III with the cases improved or unaltered versus the cases with a reoentgenologic failure in the literature after a mean 
period of 20 months (16-28 months) and in the present series after 3 years. The result of the X2 test reveals a significant difference (a c 
0.001). With reservations regarding the small number of cases in this series and the presumed similarity of the populations found in the 
literature, the present results of EM stimulation in Ficat II and III are encouraging. 

ID-1-71 
OSTEOCHONDRITIS DESSICANS (KNEE): TREATMENT USING PULSATING ELECTROMAGNETIC FIELD 
STIMULATION (PEMFS). M.A. Lynch* and C.E. Henning*. Center for Sports Medicine, Wichita, KS 67214 USA. 

Osteochondritis dissecans is a form of stress fracture most commonly presenting in adolescence that when left untreated develops a 
gradually increasing defect in the articular cartilage and underlying bone. Treatment to date has involved debridement alone which did 
nothing to alter the natural history of this degenerative process in young adults. Externally applied pulsating electromagnetic field 
stimulation (PEMFs) was used to treat 88 knees in 66 patients diagnosed with osteochondritis dissecans of the medial and/or lateral 
femoral condyles in the knee. There were 9 females and 57 males in the series. Two of the 9 females (22%) had bilateral knee 
involvement and 20 of the 57 males (35%) involved both knees. The average age was 13.8 years with a range of 8-23 years. The results 
showed 75 of the 88 (85%) healed using PEMFs combined with limited activity and crutch walking. When patients were sorted by age, 49 
of 51 (96%) 16 years old or younger (range 8-16 years) healed using PEMFs. Of the 13 who did not heal with PEMFs alone, 11 opted for 
arthroscopic fixation plus PEMFs and went on to heal. 

[ E i q  
ELECTROMAGNETIC FIELD STIMULATION IN PATIENTS UNDERGOING MASSIVE BONE GRAFT: A DOUBLE- 
BLIND STUDY. R. Capanna. Insituto Onopedico Rizzoli, Clinica Ortopedica I, Universita di Bologna, 1-40100 Bologna, Italy. 

Massive bone allograft after tumor resection have been used for over 20 years. Many factors negatively influence the healing of the 
osteotomy between the allograft and the host bone: the healing rate is low and the time to union .long. The biological and mechanical 
conditions are particularly complex considering the entity of the resection, the presence of the massive allograft, the chemotherapy often 
associated and the underlying pathology. Low frequency low energy pulsing electromagnetic fields (PEWS) have been utilized to 
promote bone healing since 1974. The results of in vitro and in vivo research provide an adequate scientific support to the understanding 
of PEMF mechanism of action. In transcortical holes of metatarsal bone, PEMF have been able to increase both the mineral apposition 
rate, at early stages of the osteogenesis, and the amount of newly formed bone at later stages. Pulsing electromagnetic fields have been 
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investigated to exclude harmful effects for the patients. In vitro, the exposure of ..man lymphocytes to PEMF of the type used in this 
study did not result in genotoxicity. In vivo, the exposure to PEMF of both animals and patients with tumors did not cause tumor growth or 
negative side effects. PEWS have been used' on several thousands of patients to promote bone healing and no untoward side effects have 
been described. In recent years several double blind studies, demonstrating the positive effect of PEMF stimulation on bone healing, have 
been published. Here we have evaluated if the use of PEMF stimulation could be advantageously used in patients undergoing massive 
allograft to increase the healing rate and to shorten the time to union of the osteotomies. A double blind prospective randomized study was 
designed. Eighty-three osteotomies in 47 patients were considered. The osteotomy healing rate was the same (67%) in both control and 
active stimulated patients. A positive effect of P E W  was observed for those osteotomies with a co r t i c~ r t i ca l  contact between allograft 
and host bone. A definite effect of PEMF stimulation was observed when post-operative chemotherapy was not used. The healing time 
decreased from 9.4 months in the control group to 6.7 months in the active group (p<O.OOl). The osteotomy healing is significantly 
influenced by: chemotherapy, type of allograft contact, quality of the osteotomy and in intercalary allografts the osteosynthesis device 
used. No difference was observed between control and active group for patients' survival, number of patients with local or distal tumor 
recurrence. 

(D-1-91 
PULSED ELECTROMAGNETIC FIELDS PROTECT HYALINE CARTILAGE STRUCTURE. J.A. Bee*l, H. Liu*l and J. 
Abbou2. lDepartment of Veterinary Basic Sciences, The Royal Veterinary College, London, NW1 OTU, England. 2Electro-Biologys 
Inc., Parsippany, NJ 07054 USA. 

The physical properties of artiakw carthge are defined by the precise composition of its e x t r a c e ~ l ~  m8trix. !Sulphated pmteoglycah 

characterised by an initial elevation of sPG synthesis followed by their excessive degradation. This imbalance of matrix turnover 
progressively leads to a profound disruption of tissue structure with a corresponding loss of function. The ability of pulsed electromagnetic 
fields (PEMF) to influence extracellular matrix composition by a diverse range of skeletal tissues suggests that they might also be applied 
to the successful treatment of cartilage diseases. To elucidate the response of hyaline cartilage to PEMF, the present studies focus upon the 
effect of the Standard Fracture Healing Signal (FHS) on embryonic chick sternal cartilage explanted to culture. The influence of the FHS 
on sPG synthesis and degradation has been investigated. Compared with untreated controls maintained under identical conditions, 
cartilage explants treated with the FHS maintain tissue integrity: the synthesis of new sPG is significantly reduced while the degradation of 
pre-existing sPG is strikingly suppressed. Treatment with the FHS also significantly reduces the levels of both newly synthesized and pre- 
existing sPG released from the explant and recovered with the nutrient medium. Analysis of a diverse range of treatment regimes 
demonstrates that each of these effects is maximal in cultures exposed to the FHS for 3 hours on: 21 hours off per day. The effect of 
treatment with the FHS on the structure and biochemical behaviour of preexisting and newly synthesized SPG has also been studied in 
detail. Gel filtration chromatography on Sepharose CL-2B demonstrates that the FHS does not affect the size of sPG monomers or their 
ability to aggregate with hyaluronate. Chromatography of papain digests on Sephacryl S-200 followed by electrophoresis on cellulose 
acetate reveals that glycosaminoglycan chain size and degree of sulphation are similarly unaffected. These results, supported by parallel 
histological analysis, thus demonstrate that hyaline cartilage structure is advantageously influenced by the FHS. Treatment maintains a 
balanced extracellular matrix composition by simultaneously modulating both the synthesis and degradation of SPG. Since treatment with 
the FHS does not affect sPG molecular smcture or chemical function we conclude that PEMF should exert beneficial effects on cartilage 
disorders characterised by abnormal synthesis and turnover of proteoglycans. 
This work was supported by Electro-Biology, he.. 

(sPG) constitute the principal component of this mapix and confer compressional stiffness. Cartilage disor&ers such as os&cmbn 'tis are 

STIMULATION OF THE EARLY STAGES OF ENDOCHONDRAL OSSIFICATION BY EXPOSURE TO A P E W .  D. McK. 
Ciombor and R.K. Aaron. Orthopaedic Research Laboratory, Brown University, Providence, RI 02906 USA. 

Endochondral ossification is the basic mechanism in skeletal development, longitudinal bone growth, and fracture repair. Pulsed 
electromagnetic fields (PEMF), have been reported to affect a wide range of connective tissue functions, in particular, the formation of 
bone in fracture repair. These signals have generally been thought of as enhancing calcification of organic matrix. In earlier studies, 
however, we have shown that, in experimental endochondral ossification, exposure to PEMF increases the synthesis and accumulation of 
cartilage extracellular matrix proteins. Further, this stimulation has been shown to be effective in the earlier phases of endochondral 
ossification during which cell recruitment, proliferation, and chondrogenic differentiation occur. This study describes the stimulation of 
the chondrogenic phase of endochondral ossification by PEMF by characterizing the molecules synthesized as well as the expression of 
genes regulating the synthesis of these molecules. 
MATERIALS and METHODS: The decalcifed bone matrix @BM)-induced endochondral ossification model was used as previously 
described. Differentiation of chondrocytes and the appearance of chondroid matrix begin on day 6 and are maximal on day 8. 
Calcification of the cartilage begins on day 12 and progresses to form bony trabeculae by day 16. Animals bearing DBM implants were 
exposed to a PEMF used clinically for the treatment of fracture nonunions (EBI). The applied magnetic field consists of pulse-bursts of 
4.5 ms repeated at 15 pps. Each burst contains a sequence of 20 magnetic field pulses having a rise time of 200 p and a decay of 23 ps 
from 0-20 Gauss. An inductive sensing coil records a voltage of 19 mV which reverses to 12 mV within 200 p. Animals were exposed to 
the fields for 8 hourdday and were sacrificed on days 6 and 8 following DBM implantation, during maximal chondrogenesis. Control 
animal were treatef identically with the exception of exposure to an active field. Prior to sacrifice, the animals were injected with 150 c1 
Ci of k u l f a t  or H thymidine. DNA content was measured fluoromeuically by binding to Hoescht 33258 dye. Proliferation was 

dimethylmethylene blue and proteoglycan (PG) synthesis was assessed by 35sulfate incorporation into cartilage macromolecules. PGs 
were extracted with 4M GuHCI with protease inhibitors and resolved on Sepharose CL 2B for estimation of monomer size. Peak fractions 
were pooled and concentrated, digested with papain, and chromatographed on Sepharose CL 6B for measurement of GAG chain size. 
Peak fractions were again pooled and sequentially digested with chondroitinase ABC and ACII and resolved on Sepharose CL 6B for the 
determination of GAG composition. mRNA for PG core protein, types I1 and I1 collagen, histone H4, and TGFB were isolated and 
localized on Northern gels by hybridization with specific cDNA probes. mRNA was quantitated by dot-blot analysis. 

measured by 'j H thymidine incorporation. Glycosaminoglycan (GAG) content was determined colorimetrically by binding to 1,9 
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RESULTS: No increase in 3H thymidine incorporation or DNA conten was observed suggesting no increase in proliferation with P E W  
stimulation. A three fold increase in GAG content and incorporation of k~ulfate into cartilage macromolecules was observed in the PEMF 
stimulated ossicles compared to controls. Estimation of PG and GAG molecular size distributions indicate that the synthesis, in PEMF 
treated animals, of molecules of normal size. Chemical composition of the GAG chains were identical in experimental and control 
animals. Two fold increases in mRNA for PG core protein, and types I and I1 collagen were observed. Corresponding, but smaller, 
increases in mRNA for TGFB were observed. No inweases in mRNA for histone H4 were found. 
DISCUSS IONr These data indicate that exposure to the PEMF utilized produced alterations in the synthesis of proteins by chondrocytes. 
The expression of genes which encode for extracellular proteins was increased along with the corresponding increase in the synthesis of 
the protein products, types I and I1 collagen and PG core protein. No increased proliferation was observed during active field exposure. In 
this developmental model, stimulation occurred during the phases of celi recruitment, proliferation, and differentiation. Taken together 
with other data, this study raises the possibility of an effect of the PEMF on chondrocyte cell differentiation. 

p i r j  
STIMULATION OF PROTEOGLYCAN SYNTHESIS IN HUMAN OSTEOARTHRTflC CARTILAGE BY P E W .  R.K. Aaron, 
KJ. Ciombor and D.McK. Ciombor. Orthopaedic Research Laboratory, Brown University, Providence, RI 02906 USA. 

Cartilage has, as one of its' unique properties, the inability to repair itself after injury. In many instances this leads to degeneration and 
secondary osteoarthritis. Several reports have suggested that articular cartilage may have the ability to generate a repair response if 
subjected to appropriate stimuIi, for example, growth factors. Articular chondrocytes are known to be responsive to physical stimuli 
including mechanical strain and exogenously applied electric and magnetic fields. This study reports the fiding that PEMF can stimulate 
proteoglycan (PG) synthesis in human osteoarthritic cartilage. 
MATERIALS AND METHODS: Human osteoarthritic cartilage is obtained during total knee replacement. Biopsies of representative 
areas of the cartilage are stained with hematoxylin and eosin and safranin-0. The biopsies are graded according to the Mankii grading 
system for osteoarthritis and results are reported according to the histological-histochemical severity of the disease. The articular specimen 
obtained at surgery is placed into explant culture in multi-well plates in DhfEM:F-12 and 20% human serum. The cartilage is exposed to 
an inductively coupled electrical field for 4 hours/day for 5 days and compared to control cultures maintained under identical conditions 
without exposure to the field. The fields are applied with a Helmholtz coiled pair of 22 cm. diameter spaced 11 cm. apart. The field 
utilized was of a pulse-burst configuration with each burst of 5 ms repeated at 15 pps. Each burst contained 20 pulses having a rise time of 
200 ps and a deca time of 25 ps from 0-20 Gauss. DNA was measured fluorometrically by binding to Hoescht 33258 dye. Proliferation 
was measured by ?H-thymidine incorporation. PG synthesis was assessed by 35sulfate incorporation into cartilage macromolecules and 
glyco3yinoglycan (GAG) content determined colorimetrically by binding to 1,9 dimethylmethylene blue. Explants were pulse labeled 
with 
RESULTS: DNA content and thymidine incorporation were unchanged indicating the absence of significant chondrocyte proliferation. 
Cultures exposed to the PEMF exhibited significant elevations in PG synthesis in the pateliar trochlea, anterior weight bearing, and 
posterior condylar areas, in specimens with a relatively low histological-histochemical grade (grade 1-4). Increases in PG synthesis were 
approximately 35% in the pateliar trochlea, 27% in the anterior weight bearing, and 18% in the posterior zones. Cartilage with a higher 
histological-histochemical grade, indicating greater severity of the disease, was less responsive to PEMF stimulation. In mildly involved 
cartilage, the retention of newly synthesized PG approximated 80%. equal to control levels. GAG concentrations were increased. Pulse- 
chase experiments revealed no increase in PG degradation. 
DISCUSSION: These data indicate, for the first time, that cartilage explants from human osteoarthritic tissue can be stimulated to attempt 
to restore their damaged matrix. Matrix restoration is seen in cartilage with a milder degree of involvement. Cartilage which is very 
fibrillated, with mechanical derangement, responds less well. This is consistent with previous studies of the metabolism of osteoarthritic 
cartilage showing the potential for a repair response with lower histological-histochemical grade. In addition, the ability of cartilage to 
respond to PEMF may reflect different mechanical loadiig histories since some differences were noted between anatomic zones. PEMF 
may be useful in treating cartilage diseases in humans. Optimal signal configurations, dose regimens, and synergy with other known 
chondrocyte stimuli, such as cytokines, remain to be determined. 

sulfate on day 5 and chased for 30 days to determine PG catabolism. 

p7i r - j  
THE EFFECTS OF PULSED ELECTROMAGNETIC FIELD (PEMF) STIMULATION ON DISTRACTION OSTEOGENESIS 
IN THE RABBIT TIBIAL LEG LENGTHENING MODEL. J. Nepola*l, D. Fredericks*', J. Abbott2, R. Aper*l. T. Brown*l and J. 
Baker*l. lBone Healing Laboratory, University of Iowa Hospital and Clinics, Iowa City, IA 52319 USA. 2Electro-Biology, Inc., 
Parsippany, NJ 07054 USA. 

The purpose of this study was to determine the effects of PEMF exposure on an established tibial leg lengthening model. The applied 
stimulus was a time varying pulsed magnetic field inducing in the tissue 30 millisecond bursts of asymmetric electric fields repeated 1.5 
times a second. Previous studies using the same stimulus on fresh fractures showed a significant acceleration of fracture repair. The 
experimental model for this study involved a Gigii saw tibial osteotomy in male New Zealand White rabbits weighing 3.0-3.5 kg (n=60). 
The periosteum was preserved and the osteotomy stabilized with an external fixator. Three time periods (30,37 and 44 days) were studied 
with rabbits randomly assigned to either a one hour per day PEMF or to a sham control group. Distractions of 0.25 mm started one day 
post surgery and continued twice daily for 21 days (10.5 mm total). The PEMF signal was used beginning one day post surgery. All 
animals remained in rabbit restrainers during exposure periods. Radiographic evaluations were made weekly throughout the study. 
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Following euthanasia 16 tibiae per time period (8 PEMF, 8 
control) underwent biomechanical testing to torsional failure. The 
remaining four specimens per time period (2 PEW, 2 control) 
were submitted for histologic evaluation. Biomechanical results 
were analyzed using a Mum Whitney test and demonstrated that 
one hour per day PEMF treated groups had statistically greater 
torque to failure values when compared to sham controls. 
Compared with normal intact tibiae (4.1 Nm) the one hour per day 
PEMF exposed rabbits achieved almost normal values (3.69 Nm) 
at 37 days versus sham control group (2.57 Nm), p 10.001. 
Similarly, at 44 days the one hour per day PEMF group had 
significantly higher torque to failure values (4.5 Nm) than sham 
controls (3.39 Nm), pSO.001. This study suggests that relatively 
short daily exposures to a Pulsed Electromagnetic Field 
signdicantly decreases the time required for healing of regenerate 
bone in this distraction osteogenesis model. 

Torque to Failure 

-1 
A GROWTH FACTOR DEPENDENT MODEL FOR MAGNETIC FIELD REGULATION OF BONE FPRMATION. J.T. 
Ryabyl, RJ. Fit~simmons*~ N.A. Khin*l, P.L. C~ l l ey*~ ,  F.P. Mageel, A.M. Weinsteinl and D.J. Baylink*2. 0rthoL.o ic Corp., 
Phoemx, A2 85034 USA. 2Mineral Metabolism, Jerry L. Pettis Memorial VA Hospital, Loma Linda, CA 92357 USA. jDept. of 
Bioengineering, Arizona State Univ., Tempe, AZ 85287 USA. 

The interaction between osteoblasts and exogenous factors is very important in determining the mechanism(s) through which bone 
formation and resorption are regulated. There is an increasing literature which suggests that biophysical regulation through mechanical 
and associated electrical pathways provides additional mechanisms which contribute to the control of both skeletal homeostasis and 
remodeling. The hypothesis of the proposed research was that growth factors (GF) mediate the biophysical stimulation of bone formation 
and consequently the healing process. This hypothesis was tested in both human osteoblast-like cell cultures as well as in explanted rat 
fracture callus cultures, using insulin-like growth factor II (IGFII) as the model growth factor regulatory system. TE85 human osteoblast- 
like cells were grown in DMEM/10% CBS and plated at 20,000 cells/cm2 in DMEM/l% CBS. Cultures were grown for 24 hours, then 
transferred to serum-free DMEM for an additional 24 hours prior to the start of the experiment. The Einhorn-Bonnarens closed fracture 
model was employed in these studies using Sprague-Dawley rats. Rat fracture callus was sterilely dissected (8,ll. 14 and 17 days post-fx) 
and grown in D W 5 %  FBS for 24 hours, then transferred to serum-free DMEM containing 0.1% BSA for an additional 24 hours prior 
to the start of the experiment. Combined magnetic fields (0 were generated by an exposure apparatus consisting of a round (30 cm 
diameter) Helmholtz coil pair made from 400 turns of #28 AWG magnet wire supported by a nonconducting, nonmagnetic polymeric 
frame powered by a function generator. The CMF was a 40 pT p-p AC sine wave superimposed on a 20 pT DC (static magnetic field) 
with frequencies of 15.3 and 76.6 Hz. The duration of exposure to the CMF was 30 minutes/day with conditioned medium samples 
collected 24 hours post exposure, exposure to osteotropic agents (FTH, 10-8M) was continuous. All xposures were performed in a C@ 

material was used as an index of cellular DNA synthesis. IGF-I1 displaceable activity in conditioned serum-free medium was measured 
with a competitive radioreceptor assay. IGF-I1 receptor number was analyzed by ligand binding and Scatchard analysis using 1251-IGFII 
as ligand. Statistical analysis was performed using multivariate ANOVA. Exposure of TE85 cells to CMF at 15.3 Hz for 30 minutes 
caused an increase in DNA synthesis of 7%% @<.001) 18 hours post exposure. This response was paralleled by increased IGF-11 levels 
of 5239% (pc.01). In addition, an increase of cell membrane IGF-I1 receptor number of 84*13% (pC.01) was observed with the peak 
upregulation occurring 30 minutes post CMF exposure. These results suggest that the IGF-II receptor upregulation and stimulation of cell 
proliferation may be due to the CMF stimulation of IGF-I1 secretion. The in vitro effects of CMF on IGFII production in fracture callus 
cultures demonstrated that CMF at 15.3 Hz increased IGF-I1 levels by 250397% (w.01) with 11 day fx callus, decreasing to 97239% 
(pe.05) with 14 day. The positive control, PTH, increased IGFII levels by 56i24% (p.05) in day 11 fracture callus, with no effect 
observed in 8,14, or 17 day callus cultures. These results indicate that certain stages of fracture healing may be differentially sensitive to 
either hormonal or CMF stimuli. In addition, these results indicate that CMF and PTH stimulate the IGFII growth factor pathways in both 
cell and organ (callus) culture, providing a mechanistic link to the observed effects of CMF on experimental and clinical fracture healing. 
This work was supported by OrthoLogic COT, Veterans Administration, and NM AR42115. 

incubator at 37 "C, with temperature monitored daily with an accuracy of 0.1 'C. Incorporation of [ B Hlthymidine into TCA precipitable 

ID-1-141 
USING MAGNETIC FIELDS AND MAGNETOSOMES TO SHAPE AND ALIGN COLLAGEN DURING POLYMERIZATION 
IN MICROGRAVITY. J.W. Hobbs*, H. Wachtel and M.W. Luttges*. Department of Electrical and Computer Engineering and 
BioServe Space Technologies, University of Colorado, Boulder, CO 80309 USA. 

The effects of magnetic fields imposed on biogenic magnetite crystals (magnetosomes) have recently been debated primarily with 
reference to possible adverse health effects (e.g. carcinogenesis), however, we believe there are also possible health benefits to be derived 
from magnetosomes. In particular we have found that magnetomotive forces imposed on magnetosomes can be used to align and shape 
collagen grown in microgravity (STS-57). Since collagen is the key ingredient of many important tissues (including tendons, heart valves, 
cartilage etc ...) this could lead to substantial improvement in artifkial biomaterials used as replacements for diseased or deteriorated tissue. 
Unidirectional strength of collagen matrix can be increased by alignment of collagen monomers during assembly. The tensile strength of 
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tendons is a result of collagen fiber alignment. In our experiments fixed magnetic bacteria (Aquapirillurn Magnetotaetieum) were pulled 
magnetically through polymerizing collagen in microgravity aboard STS-57 (Endeavor). The hypothesized effect of this "magnetic 
combing" is improved monomer alignment during assembly. This alignment in combmtion with previously demonstrated positive effects 
on assembly due to microgravitational conditions results in the formation of a stronger collagen matrix. The effects of placing a magnet at 
two separate distances from the collagen solution were tested in separate FPAs (Fluid Processing Apparatus) during polymerization. An 
FPA with no magnet was included as a control. The closer of the two magnets led to distinct sculpting of the collagen matrix. This 
sculpting is seen as an elongation of the polymerized collagen in the direction of the magnetic field gradient. We have used scanning and 
transmission electron microscopy to demonstrate changes in the collagen matrix microstructure. SQUID magnetometer (NIST) 
measurements were also employed to investigate remnant magnetism as a result of magnetic combing and thereby determine how the 
magnetic particles are exerting their effect. The results on collagen shaping and alignment suggest that magnetosomes (within or without 
bacterial surround) could exert substantial influences on growing tissues in vivo and thus they have a broad potential for engendering 
beneficial as well as adverse health effects. 
This research was supported by a grant from NASA (NAGW- 1197). 

SESSION D-2: MEDICAL APPLICATIONS OF ELECTRIC AND 
MAGNETIC FIELDS 

CO-CHAIRS: Roy Aaron and Walter Chang 
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(D-2-11 
THANKS TO PULSED MAGNETIC FIELDS- A FIRST WORLD RECOVERY FROM A STREPTOMYCIN LOSS OF 
HEARING. A. Bellossil and L. Vaillant-Rousseau2. 'Laboratoire de Biophysique, Faculte de Medecine, 35043 ReMes Cedex, France. 
2Laboratoire de Sante Publique, Faculte de Medecine, 35043 Rennes Cedex, France. 

Streptomycin, an antituberculous antibiotic is an ototoxic drug which can destroy any inner ear hair cell and thus involve permanent 
hearing impairment. In 1948, a six-year-old girl who suffered at the same time from tuberculous miliary of the lungs and from tuberculous 
meningitis lost her left ear hearing after a streptomycin treatment. Year after year her case didn't really improve. On the contrary from 
1989 to 1991 it got worse as she began to suffer from serious otites on her left ear which had actually been colonized by a microscopic 
fungus Aspergillus niger. In fact, a pulsed magnetic field treatment was undertaken in May 1992 that is to say forty four years after her 
initial lesion. The Ph4F generated from a Magnobiopulse apparatus was delivered through two circular discs, each 12 cm in diameter. The 
signal consisted of unipolar asymmetrical pulses supplied with 90 ps pulse bursts. The field strength was 6 mT. The repetition frequency 
was 12 Hz or 100 Hz. For three months onwards an exposure of both ear areas took place once a week. It was to be followed by a two- 
nonconsecutive-day-twice-a-week-exposure. This 3-month-treatment proved to be successful as our patient began to recover partially 
from her left ear. Five months later (that is to say 8 months from the onset of the exposure) an audiogram was undertaken to measure her 
hearing improvement which revealed that the most important profit was to be noticed for the 1OOO-4000 Hz band frequency. Now another 
five months elapsed before a second audiogram was undertaken (that is to say on the thirteenth month from the onset) which showed a real 
improvement for the low frequencies especially and a total vanishing of this very Aspergillus niger. To conclude we may gather that the 
magnetic fields were there either to trigger a hair cell regeneration or to manage their very restoration in case of an alteration. 

-1 
THE EFFECT OF CAPACITIVELY COUPLED PULSED ELECTRIC FIELDS ON PAINFUL HIP PROSTHESES. M. 
MacDonald and M. Bonneau. West Vancouver, British Columbia, Canada V7V 4T4. 

Previous reports (1,2) have indicated a beneficial effect of pulsed electromagnetic fields on loosened endoprostheses. The study presented 
here follows on this work using capacitively coupled electric fields. It is a prospective and unblinded study. Fifteen patients Wing 
considered for revision surgery for painful hip prostheses were exposed to pulsed electric fields for eight. hours a day over a period of six 
to twelve months. There was clinical improvement .in twelve patients as judged by a modified Harris Hip Score. Of 7 initially positive 
arthrograms in this subset 3 became negative following electrical stimulation. Of 6 initially positive scintograms in this subset, 2 became 
negative following electrical stimulation. There were three clear failures; two that went on to revision surgery and one that died of 
unrelated causes but did not clinically improve during the course of stimulation. Patient. selection criteria included: 1) presence of a hip 
prosthesis, 2) pain in the area of the hip prosthesis, 3) asepsis, 4) positive imaging evidence of loosening on plain films, arthrograms, or 
radionucleide scans. Patients were provided with a pair of lycra shorts fitted with pockets positioned so as to bracket the area of pain. The 
electric field was delivered by two flexible carbon-based electrodes placed in the pockets and driven by a small portable generator (12 cm 
by 3.2 cm by 1.9 cm). The carrier frequency was 60 KHz which was modulated at 16 Hz. The device was designed to deliver an RMS 
value of 5 milliamperes at the skin. Patients were instructed in the use of the device and asked to wear it eight hours a day. At the onset of 
stimulation the patients were scored using a modified Harris Hip Score and imaging of the hip was performed. Periodically the patients 
were interviewed and rescored and after six months of stimulation imaging was performed again. Of the fifteen cases presented, all had 
positive imaging evidence of loosening on one of the three imaging processes as well as pain. There were five males and ten females, with 
an average age of 76. Ten of the prostheses were uncemented and five were cemented. The average Initial Hip Score was 35 and the 
average final Hip Score was 57. The longest period of follow up to date is four years. This study, while encouraging, is too small to draw 
conclusions from. 
References: 
1) Ascherl, R., et al. On the treatment of the Loosening of Endoprostheses by means of Pulsing Electromagnetic Fields. Bioelect and 
Bioener, 14(1985), 161-167. 
2) Kennedy, W..F., and Roberts, C.G., Treatment of Loosened Hip Prostheses with Pulsed Electromagnetic Fields, Trans. BRAGS no. 45, 
1988. 
Supported by: Biotronics Research C o p ,  1104-3760 Albert Street, Bumaby, B.C., Canada, V5C 5V8. 
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-1 
ELECTROCHEMICAL TREATMENT (ECT) OF MOUSE RIF-1 TUMOR WITH DIRECT CURRENT. C.K. C~OU, J.A. 
McDougall* and C. Ahn*. Departments of Radiation Research and Biostatistics, City of Hope National Medical Center, Duarte, CA 
91010 USA. 

Luigi Galvani (1 737-1 798) pioneered using direct current (dc) to destroy tumors, aneurysms, fungoid growths, and to stop bleeding. Dr. 
Bjom Nordenstrom of Sweden was the first in recent years to utilize dc for treating human lung tumors. His method was to insert an anode 
in the tumor center and a cathode at least one tumor diameter away in normal lung tissue. The most impressive data of 2516 cases from 66 
hospitals in China have been reported by Dr. Xin Yu-ling. He modified the method by inserting platinum ancdes into the center of a tumor 
and platinum cathodes into the tumor periphery. A direct current is maintained between the anodes and cathodes for 30 minutes to several 
hours, for a dose of 100 coulombs per cubic centimeter. Biological studies indicated that when dc is applied to cancer tissue, the living 
microenvironment of the cells is severely disturbed. Due to the ionic content of tissue, electrophoresis of positive and negative ions, 
electrolysis of tissue fluid and electroosmosis of water, the cells near the electrodes cannot survive. The pH levels near the anode decrease 
to 2 and increase to 12 near the cathode. The effective volume is about 3 cm in diameter around the electrodes. Chlorine is released at the 
anode and hydrogen at the cathode. Due to the strong acidic or basic conditions in tissues near electrodes, proteins and enzymes in the cell 
and on the cell membrane become denatured and precipitate. When they are unable to recover, cells die. ECT has become an alternative 
method for cancer treatment in China and is W i g  used in about 500 hospitals. Nordenstrom stated that the size and shape of the electric 
field is determined by the size, shape, and position of electrodes and the conductivity of tissues. There are many difficulties in defiing 
proper treatment dosage. Technical and bioIogical variables need to be understood and controlled. Dr. Xi pointed Out four factors 
controlliig the effectiveness of 2516 treatments: 1) choice of indications, 2) accuracy of electrode insertion, 3) number and distribution of 
electrodes, and 4) electrical dose delivered. We are conducting preliminary studies to evaluate the effectiveness of ECT and its dose 
response relationship on animal tumor models. RIF-1 (radiation induced fibrosarun~) tumor cells were injected subcutaneously on the 
side of female C3HIHeJ mice. When the spheroidal tumor was 10 mm in length, the animal was anesthetized and its tumm pulled through 
a plastic holder. Two platinum electrodes were inserted into the tumor at a fixed spacing (5 mm) and tumor dependent depth using a 
stereotaxic micromanipulator. Maximum voltage (V), current (mA), electrical charge (coulomb c), and time (min) were set on a ZAY4B 
instrument (Made in China). At the beginning of the study, mice were treated with a maximum of 20 volts for 0, 10, 12.5, 15 and 20 c. 
Survival results are On for 0 coulomb, 14/23 (61%) for 10 c, 1/8 for 12.5 and 15 c, and 0/4 for 20 c. All surviving anids  showed no 
tumor recurrence for up to 5 months of observation. After the dosages were reduced to 5V/5c (at N=26) and SVBc (N=20), none of the 46 
animals died within a week of treatment. All tumors showed necrosis and regression. However, later tumor recurrence reduced survival 
rates. The recurrence usually occurred within 3 weeks. The survival rates are 7/26 (27%) for the 5 c group and 6/20 (30%) of the 8 c at 
about 1-2 months post treatment. These results indicate that the electrochemical treatment is effective on the RIF-1 mouse tumor and that 
there is a optimum dosage. We will continue to vary the electrical parameters to find the optimum dose. Through better understanding of 
this method, our goal is to confidently treat patients. 

1-1 
EXPERIMENTAL TUMOUR TREATMENT BY DIRECT CURRENT ELECTROTHERAPY IN COMBINATION WITH 
TUMOUR NECROSIS FACTOR. G. Sersal and D. Miklavcic2. 'Institute of Oncology, 61000 Ljubljana, Slovenia. 2University of 
Ljubljana, Faculty of Electrical and Computer Engineering, 61000 Ljubljana, Slovenia. 

In the study the anti tumour effectiveness of electrotherapy by direct current was assessed in combination with tumor necrosis factor alpha 
(TNF) applied periturnourally. Single shot electrotherapy with 0.6 mA direct current of one hour duration was performed when 
fibrosarcoma SA-1 solid subcutaneous tumors grown in the flank of A/J mice have reached 30-40 mm3 volume. The current was delivered 
via subcutaneously implanted Pt-lr (90-10%) alloy electrodes, 1.0 mm in diameter, 22 mm long, with rounded tips. Electrodes were 
positioned one on each side of the tumor, 5-10 mm apart from the tumor edges. Recombinant human tumor necrosis factor alpha analogue 
lacking 1-3 amino acids from N-terminal end with specific activity 2.2~107 U/mg, tested on L929 cells in presence of actinomycin-D was 
used in experiments. Other properties of this TNF were described before (B Kus, A Stalc: Acta Pharm 1992,42: 117-24). TNF was 
diluted in PBS (pH 7.4) before use and administered subcufmeously 5-7 mm from the tumor margin (peritumourally) in 0.1 ml on two 
opposite sites of the tumor. TNF application dose was 2x10 U per animal, which was 10561333U of TNF per gram of animal. The dose 
was delivered in bolus either one hour before or one hour after the electrotherapy. Electrotherapy (ET) and TNF, each for itself induced 
significant tumor growth delay. In combined treatment with ET and TNF, additive antitumor effect was observed, regardless whether TNF 
was in'ected before or after the electrotherapy. More than additive antitumor effect was achieved when TNF in the same cumulative dose 

result of this therapeutic combination 40% of animals were cured. No cures were observed in groups subjected to electrotherapy and TNF 
treatment alone. Combined treatment with electrotherapy and TNF induced massive tumor destruction, confirmed by histological 
examination two days after the treatment. The results indicate that electrotherapy and TNF interact and that they can be effective in control 
of local tumor growth. 
Acknowledgements: 
Tumour necrosis factor alpha was generously provided by LEK Ljubljana, Slovenia. This research was in part supported by the Ministry 
of Science and Technology of the Republic of Slovenia. 

(2x10 4 U) was split into a priming dose (O.5x1O5U) one hour before electrotherapy and the other (1.5~10%) 24 hours thereafter. As the 

SPECIFIC PARA ETER ELECTRICAL S T F L A T I O N S  TO CLINICAL EVALUATION OF NON-UNION AND DELAY 
UNION. W. Chang Y , H-C. Liu2 and T-K. Liu2. Department of Biomedical Engineering, Chung Yuan Christian University, Chung Li, 
Taiwan 320. 2Department of Orthopaedic Surgery, National Taiwan University Hospital, Taipei, Taiwan 100. 

The clinical evaluation of non-union and delay union stimulated by the specific pulsed electromagnetic field and capacitively-coupled 
electric field was compared with that proposed by Bassett and Brighton. According to the results of animal experiments in our 
laboratories, the specific parameters of pulsed electromagnetic field and capacitivelycoupled elecmc. field have been found good for the 
enhancement of bone fracture healing. The stimulators which can generate four different kinds of stimulating parameters as shown in 
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following table were designed. Double-blind method was applied for clinical treatment in National Taiwan University Hospital. All 
studied patients had their fractured bone non-union or delay union were recommended for eight hours per day, two to three months 
treatments. Roentgenographic studies were evaluated clinically for diagnoses and inspection. This clinical evaluation has begun since 
1990. Seventy-five non-union or delay union patients have been treated under this project. Three patients were treated by double-blind 
method for one and half month. There were no effective results by roentgenographic studies. Then two of these three patients were treated 
by the normal output stimulators for three months. One of these patients was treated by orthopaedic surgery. So far, sixty-three patients 
successed and twelve patients failed. The successful rate was 85%. Further clinical evaluation shddies should allow to know the 
effectiveness of the specific parameters proposed by authors. 

BRIGHTON 

I 

WAT.TER*** 

T= 1 6.66ms 
VP-PpIQ v 

T14.66rns  
T2=5ms 
T3-0.08ms 
T4-0.02ms 

I V=2.5V I 

PEW*: Pulsed Electromagnetic Field; CCEF**: CapacitiveIyCoupled Electric Field; WALTER***: Author. 
Supported by National Science Council of ROC(NSC81-0412-B002-74) and Department of Health of ROC (DOH80-57). 

ELECTROLIPOLYSE : CORRELATION BETWEEN CLINICAL CELL'S ADIPOCYTE LOST AND GLYCEROL URINAIRE 
AND FA'lTY ACID. D. Dang-Vu-Nguyen. Centre Hospitalier de Neuilly, 75016 Paris, France. 

T 1 =I  3.88ms 
T2=0.3 8 ms 
V-lSmV 

Electrolipolyse consists in applying an electric current of low intensity impulses through metal needles implanted subcutaneously into the 
adipose tissues to be treated. Since 1981, clinical effectiveness has been proven by physicians the world over, on more than 1O.OOO 
patients. Treatment has been realized by implantation of 8 pairs of metal needles directly into the hydrolipodystrophic mass and linked 
each pair to an electrostimulation apparatus and stimulated during 50 (n'l). The total duration of treatment is a month with one session a 
week: the average weight lost is 2kg8; the reduction in abdominal circumference is on average 6 cm and the same for the hip's 
measurements (6.3 cm); The failure rate remains low (25%); This proceeding has been perfected and allowed to treat even the ptosis of 
skin and different muscles (so to practice the electrical lip0 sculpture). A histological exam shows the number of cell's fat remains the 
same, but their volume has been reduced after electrostimulation. Objective of biological exam in blood and urine is to find a relation 
between the clinical adpocyte's fat lost and the biological evaluation of the breakdown of triglyceride post treatment, especially the 
glycerol urinaire (nO2). Measurements of the triglyceride level in the blood of 15 patients has been made and showed the increase in order 
of 0.03 a. Measurements of the difference of fatty acids level on 10 patients before and after a session showed on increase in order of 
250 p o p / l .  Measurements of glycerol's level has been carried on urine of 24 hours, on 27 patients measurement of the glycerol urinaire 
has been realized according to ABBOTT Technique, with reactive ABBO'IT-A-GENT triglycerides, calculated in milligram per liter. 
Before and after session, the patients were weighed and measurements taken. Urine samples of 24 hours have been taken before and after 
an electro stimulation's session. 
a- in urine sample before a session, there is no presence of glycerol. 
b- in urine sample after a session, there is presence of gIycerol(6,8 mu) .  
Whom the level progressively increased depending on the importance of the lost of fatty volume. Electrostimulation locally directly into 
hydrolipodystrophic mass seemed favorising hydrolipolysis of "triglycerides" stocked in adipocytes. 
According the Hirsch and Liebel's theory their control is placed specially into the cell's fat. This theory goes in the same way of local 
treatment as local lipolysis. 

~1-133.33ms 
m=o. 3 ms 
V= 1 SmV 
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DANG-W-NGUYEN: 1 traitement de l’hydrolipodystrophie par electrostimulation et acupuncture. Meridien n”78: p. 12-18. 
2 Hydrolipodystrophie localisle chez la femme: Dermatologie Pratique n”5 1, March 1990. p. 18-20. 
3 Electrolipolyse, traitement de la cellulite, Masson Feb 1992 Paris 06 
M. LAFONTAN et Berlan :la mobilisation des lipides dans le site anatomique Laboratoire de pharmacologie medicale Faculte de 
Medecine, Institut Physiologie: University Press Toulouse 1990. 

1 a 
EFFECTS OF PULSED ELECTROMABNETIC FIELDS ON BONE RESORPTION BY DIgAGGREGATED RAT 
OSTEOCLASTS. BJ. Simon1, V.S. Shankar , C.M.R. Bax2(l), M. Pazianas2, A.R. Zaidi2, C.L-H. Huang and M. Zaidi2. ‘Electro- 
Biology, Inc., Parsippany, NJ USA. 2The Bone Research Unit, Division of Biochemical Medicine, St. George’s Hospital Medical School, 
London SW17 ORE, U.K. 3The Physiological Laboratory, Cambridge CB2 3EG, UX. 

It is now well-recognised that exogenously applied, low frequency, low energy, pulsed electromagnetic fields (PEMFs) affect bone 
metabolism, in vivo and in vitro. This property has prompted their use in promoting the healing of congenital and acquired 
pseudoarthroses and non-union fractures. Nevertheless, we are still relatively ignorant of how PEMFs affect the function of specific bone 
cell types. We have evaluated the effects of PEMFs on the bone resorptive function of freshly isolated rat osteoclasts in the presence and 
absence of osteoblast-like cells. Osteoclasts were isolated from the long bones of neonatal Wistar rats by mechanical disaggregation and 
dispersed at low densities on slices of devitalised cortical bone substrate. The resorption of bone was assessed by scanning electron 
microscopy by counting the number of osteoclastic excavations following incubation for 18 hours in the presence of absence of PEMFs. 
Experiments were conducted in the presence of osteoblast-like UMR.106 cells grown by conventional methods, which were then co- 
cultured on bone together with osteoclasts. In the presence of osteoblasts, there was a significant increase in the basal (unstimulated) 
resorption on bone slices exposed to PEMFs (number of excavations per bone slice f standard error of the mean; 12.86f2.59, n = 22) 
compared with those that were not so exposed (6.77fo.86, n = 22) (p< 0.05). In contrast, bone-osteoclast cultures without added 
osteoblast-like cells did not show a similar stimulation of resorption (4.14f1.28 with PEMFs vs 4.93fo.99, n = 14, p = 0.617). The 
absence of osteoblastic contamination in such cultures was shown by their lack of responsiveness to exogenously applied parathyroid 
hormone (PTH), 1,25, dihydroxyvitamin D3 (vitamin D3) and tumour necrosis factor a (TNFd, all of which were found to stimulate bone 
resorption in the presence of osteoblasts (15.1f2.16, n = 17; n = 17; 13.64f2.34, n = 22 and 15.W.36for the three agonists respectively). 
There was no stimulation compared to control when the three agonists, FTH, vitamin D3 or TNFa were applied in the presence of PEWS 
(ll.lk1.98, n = 14; 10.7 f1.87, n = 21 and 13.7f2.50, respectively). Thus, we have found (a) that the basal resorption of bone by 
osteoclasts is stimulated only in the presence of osteoblast-like cells, and (b) that the stimulated resorption of bone in the presence of 
osteoblasts and bone-resorbing agonists is blocked by PEMFs. As PEWS were found not to inhibit bone resorption by isolated 
osteoclasts, it is likely that the action is either exerted on the osteoblast or is mediated via the inhibition of a signal between the osteoblast 
y d  the osteoclast. These possibilities require further investigation. 
l)Now at London Hospital Medical School, London 

SESSION El: EPIDEMIOLOGY OF ELECTROMAGNETIC FIELDS 
CO-CHAIRS: Vincent Delpizzo and Jeff Saffer 

1 
CANCER MORBIDITY DURING THE 20-YEAR PERIOD (1970-1989) IN POLISH MILITARY PERSONNEL EXPOSED 
OCCUPATIONALLY TO RADIOFREQUENCY AND MICROWAVE RADIATION. S. Szrnigielski. Dept. Biological Effects of 
Non Ionizing Radiations, Center for Radiobiology and Radiation Safety, 00-909 Warsaw, Poland. 

Few years ago the results of retrospective analysis of cancer morbidity for the whole population of career military personnel in Poland 
during the decade of 1970-1979 have been published (S. Szmigielski et al., “Immunological and cancer related aspects of long term 
exposure to low-level microwave fields”, in Modern Bioelectricity, AA. Marino (Ed.), M .  Dekker Inc.  N .  York, 1988, p .823 ,  although ai 
that time, the exact size of the population and age distribution of the servicemen could not be. given; therefore the results and their 
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discussion were limited only to mortality rates (number of cancer cases per 100 OOO per year) for particular age groups (20-29; 30-39; 40- 
49 and 50-59 years) and localisations/types of the malignancies. About 3% of the personnel had documented occupational exposure to 
radiofrequency (RF) and/or microwave (MW) radiation and in this group nearly 9% of all malignancies diagnosed during the decade of 
1971-1980 had been registered, giving the OER (Observed/Exposed Ratio) of 3.1. This difference in cancer morbidity related only to 
particular types of malignancies (adenocarcinomias of alimetary tract with OERs of 2.9-3.2, skiin tumors - OER = 3.1 and hemopoietic 
and lymphatic neoplasms - OER = 6.7 for all age groups). Analysis of morbidity for defined types of haemopoietic/lymphatic 
malignancies has shown that the highest OERs arose for lymphosarcoma and non-Hodgkin lymphoma (8.3). acute lymphatic leukaemia 
(7.8), chronic myelocytic leukaemia (9.6) and acute myeloblastic leukaemia (5.5). However, the general conclusion for this analysis 
indicated generally low number of registered cases and a need for both increasing size of the population observed and for longer period of 
observation has been postulated. 
The present study covers again the population of military career personnel in Poland but the period of registration of cancer morbidity was 
broaden to the 20-year period (1970-1989). Size of the population varied slightly from year to year with a mean count of about 127700 
persons each year; about 3700 of them (2.98%) were considered each year as exposed occupationally to RFiMW. All subjects (non- 
exposed and exposed to R F M )  were divided into age groups (20-39; 30-39; 40-49 and 50-59). Methods applied for analysis of 
morbidity and calculation of OERs were identical as in the former study. This allowed both to analyse separately the results for the decade 
of 1980-1989 and to combine the two groups. W i g  the period of 1970-1989 a total of 2493 malignancies have been diagnosed in the 
population, 2355 (94.46%) in non-exposed and 138 (5.53%) in RF/MWexposed, giving the OER of 1.86 for the exposed subpopulation 
(significant at ~ 0 . 0 1 ) .  The differences in cancer morbidity were higher for younger age groups (20-49 years); OERs for these age groups 
ranged from 3.05 to 3.38 (all types and locations of malignancies), while for the 50-59 years old personnel with generally high morbidity 
rates of neoplasms (above 350 cases per 100 OOO per year) the difference between nonexposed and RFMW-exposed has been less 
pronounced (OER = 1.51), although still significant ( ~ 0 . 0 5 ) .  Analysis of morbidity for particular types of malignancies have shown that 
significant OERs (for all age groups) related to skin neoplasms (all types, including melanomas), brain tumours (astrocytomas and 
gliomas) and certain types of haemopieticAymphatic malignancies (lymphomas, acute myeloblastic and chronic myelocytic IeuIcaemias). 
A comparison of cancer morbidity rates during the first (1970-1979) and the second decade (1980-1989) and during the whole 20-year 
period revealed the same trends and significances for all periods, however, the higher differences in OERs were noticed during the decade 
of seventies. 

-1 
INCIDENCE OF CANCER IN NORWEGIAN FEMALE RADIO AND TELEGRAPH OPERATORS. T. Tynesl, M. Hanevik2 and 
A.I. Vistnes3. Cancer Registry of Norway, Institute of Epidemiological Cancer Research, Oslo, Norway. 2Norwegian Radiation 
Protection Authority, Osteras. 3University of Oslo, Physics Department, Oslo, Norway. 

The possibility of a causal link between exposure to extremely low frequency (ELF) electric and magnetic fields and cancer of female 
breast is suggested by the hypothesis that such exposure increases susceptibility to cancer by diminishing the pineal glands production of 
the hormone melatonin. The present study is based on a 30-year follow-up of a cohort of 2,619 Norwegian women who were certified as 
radio- and telegraph operators between 1940 and 1989 with .potential exposure to low fresuency electromagnetic fields (25 Hz, 50 Hz and 
radiofrequency fields). The cohort were linked to the Cancer registry by the personal identification number given to all citizens alive at the 
census in 1960 or born or immigrated later. Identified incident cancer cases were analysed on the basis of the standardised incidence ratio 
(SIR), with the Norwegian female population as a comparison. The SIR for total cancer was close to unity (SIR 114.95 % CI %-134). An 
excess risk was shown for breast cancer (SIR=150,95 % CI 111-198). An elevated SIR was also shown for cancer of rectum and renal 
cancer. The Central bureau of statistics have a file of 1.1 million women born between 1934 and 1969 who have lived in Norway for some 
time after 1960, for these women data on individual reproductive histories, date of death or emigration and details of any cancer diagnosis, 
are available. The certified radio- and telegraph operators were identified in a copy of this file. A Poisson regression analysis was 
performed using a model adjusting for age, calendar year, year of f ist  birth and number of children. In this model the rate ratio (RR) for 
breast cancer among female radio-and telegraph operators was 1.9. Workers with more than 20 years since first certification had a breast 
cancer RR of 2.19 using the m e  model. These findings must be viewed with caution, individual dara on exposure to ELF magnetic 
fields, radiofrequency fields or shift work were not available. These results give support to an association between work as radio- and 
telegraph operator and female breast cancer even after adjustment for fertility data. 

W] 
SUDDEN INFANT DEATH SYNDROME (SIDS) & EM FIELDS. R. Coghill. Coghill Research Labs, Lower Race, Gwent, U.K. 

Eight of ten epidemiological studies of childhood cancer in relation to EM field exposure by a variety of metrics point to a correlation 
between chronic exposure and cancer subtypes. Similarly of some 17 epidemiological studies of reproductive risk among VDT operaton, 
only three failed to find any adverse health effect. No case/referent studies to date however have explored the possibility of a correlation 
between chronic EM field exposure and SIDS (where infant is defined as between 0 and 12 months old), even though this is the single 
most important cause of infant mortality in industrial countries, with some 8000 deaths annually in the US alone. 
This study examined the location of all SIDS cases occurring in Inner North London between January 1986 and July 1988 (n=67) in 
relation to obvious sources of EM fields, and compared them with a control group which had died from non-health related causes (n = 64). 
From large-scale maps it was found that not only were SIDS infants living significantly nearer to EM sources (mean distance 126 meues) 
than controls (206 metres), but the nearer the EM sources the younger in age did the infants die. 
Mean SIDS age at death (months)/mean distance from source(metres) 

46 



sample (n) I months 
HT lines 9 2.8(SD 0.74) 
U/gmd rail 4 3.1(SD 1.02) 
Elect. rail 13 3.3(SD 2.18) 
Terminals/sms 5 3.6(SD 3.04) 
Mixed source 4 1 .O(SD 0.83) 
Other 32 3.4(SD 2.15) 
Totallmean 67 3.1(SD 2.08) 
Controls: 64 n applic. 

A prospective measured field study would establish whether this finding is confirmed, but all but one of nine SIDS homes measured to 
date, electric or magnetic ELF field readings exceeded 250 nT or 25 V/m. One may speculate that since weak EM fields act as uncoupling 
agents in oxidative phosphorylation(l), and intermittent 0 2  deprivation causes neoplasia in the absence of any other carcinogen(2), 
childhood cancers and SIDS could both arise from EM field-induced respiratory stress. I conclude that there is a correlation between 
chronic EM field exposure and SIDS. 
1. A M ,  (1952) Am. J. Physiol. 176: 247-252 

latt -552 

-1 
EXPOSURE OF RAILWAY PERSONNEL TO ELF ELECTRIC AND MAGNETIC FIELDS. M. Hietanen', P. ~ ~ ~ t i 1 . 2 ,  J. 
Juutilainen2 and A-M. Hamalainen2. lRnnish Institute of Occupational Health, Department of physics, Laajaniitynite 1,01620 Vantaa, 
Finland. 2University of Kuopio, Department of Environmental Sciences, 7021 1 Kuopio, Fiiand. 

Exposure of railway engine drivers and other personnel in electric locomotives and cabins to extremely low frequency (ELF) 
electromagnetic fields has been recognised as a potential occupational hazard. In order to clarify the actual risks, measurements of electric 
and magnetic fields were taken at various work sites. Exposure to EM fields was assessed using portable isotropic field strength meters 
and by a dosimeter. The number of engine drivers involved in the study was 11 both for electric locomotives and for metrorails. In 
addition, five working day exposures of 3 conductors were included in the measurements. The results indicated that the exposure to ELF 
fields varies greatly depending on the conditions of acceleration and deceleration of a train. The average magnetic flux density at the 
working areas of engine drivers and conductors was 0.5 pT, while the maximum values were 13.5pT and 22.5pT. respectively. For 
electric fields, engine drivers were exposed to average fields of 30 V/m and maximum fields of 1.9 kV/m. The corresponding values for 
conductors were 14 V/m and 1.2 kV/m. In conclusion, exposure of railway personnel to ELF fields is generally low compared with the 
present recommendations by various international agencies. The measured values are, however, reasonably high in comparison with the 
data of recent epidemiological studies on health risks of ELF fields. At least special groups of workers, e.g. pacemaker wearers, should 
avoid exposure to sources of the highest fields. On the basis of the study, an extensive epidemiological study based on realistic 
measurements of exposure seem to be necessary before conclusions on health effects of EM fields on railway personnel can be made. 

metres 
32(SD 18.6) 
U(SD 20.7) 
57(SD 21.4) 
69(SD 23.1) 
44(SD 11.5) 
209(SD 119.7) 
126(SD 116.3) 
206(SD 219.4) 

IE-1-51 
DISTRIBUTIONS OF SOCIODEMOGRAPHIC FACTORS IN THE FINNISH COHORT STUDY ON THE MAGNETIC 
FIELDS OF POWER LINES AND THE RISK OF CANCER. P. Verkasalo*l, E. Pukkala*2, M. H~ngisto*~, J. Val'us3, P. 
Jar~inen*~, K. Heikkila*l and M. K o s k e n ~ o * ~ .  'Department of Public Health, University of Helsinki, FIN-00014, Finland. JFinnish 
Cancer Registry FIN40170 Helsinki, Finland. 31manan Voima Oy, FIN-01019 IVO, Finland. 4Department of Public Health, University 

The Finnish cohort study on the 50 Hz magnetic fields of transmission power lines and the risk of cancer began in 1988. The objective 
was to analyze incidence of cancer among children and adults exposed to the magnetic fields of power lines. Data collection was based 
solely on the reliable population based registers. The study was restricted to people having lived in 1970-89 within 500 metres of overhead 
power lines of 110,220 or 400 kilovolts in a calculated magnetic field of 20.01 microteslas (pT). Power line data was provided by power 
companies; it includes information on the location, voltage, apparent power and tower types of altogether 18,OOO kilometres of 
transmission power lines. The routes of power lines were computerized, all buildings within 500 metres were identified, and residential 
magnetic fields were calculated separately for each of the years 1970-89. Files of the Central Population Register and Finnish Cancer 
Registry were employed for identification of the potentially exposed cohort and follow up for cancer in 1974-90. Altogether 380 OOO 
people with a total of 3.5 million person-years were thus included in the cohort. Census data from 1970 was received for conuol of 
sociodemographic variables. In the first phase of the study we examined the magnetic fields of power lines and the risk of cancer in 
general - the risk of nervous system tumours, leukaemia and lymphoma in particular - among children, and found no evidence of risk 
increase in any ty -p  of childhood cancer (BMJ 1993;307:895-899). In the ongoing second phase of the study we have turned our attention 
to cancer in the adults, focusing mainly on the risk of nervous system tumours, leukaemia, lymphoma and breast cancer. Confounding is 
more likely to play an essential role in the development of cancer in adults than in children. In our study, we have census data for each 
study subject, including e.g. their residential municipalities, social classes, educations, incomes and types of housing. Preliminary analysis 
indicates that the distributions of several of these variables differ by exposure. For instance, people living in the rural areas of F'land 
tended to have higher magnetic field exposures than those living in the urban areas. Also, people of a lower social class had hlgher 
exposures than those of a higher social class. Several of these variables have previously been shown to influence the risk of at least some 
of the cancer types that are of interest in this context. For instance, the age-adjusted incidence of nervous system tumours in Fiiand was 
higher in the urban municipalities than in the rural ones in 1974-90. These results on the distributions of the potential confounders suggest 
that their effect be carefully considered and taken into account. 

Of T ~ k u ,  FIN-20520 Turku, Finland. 
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F( 
INCIDENCE OF CANCER IN PERSONS WITH OCCUPATIONAL EXPOSURE TO ELF ELECTROMAGNETIC FIELDS IN 
DENMARK. P. Guenel*l, P. Raslanark*2, J.B. Andersen2 and E. Lyr~ge*~. lINSERM U88, F-75634 Paris Cedex 13, France. 2Aalborg 
University, DK-9220 Aalborg. 3Danish Cancer Society, Danish Cancer Registry, DK-2100 Kobenhavn 0, Denmark. 

Several studies suggest that work in electrical occupations is associated with an increased risk of cancer, mainly leukaemia and brain 
tumors. To study an unselected population the incidence of cancer was followed up over a 17 year period (1970-1987) in a cohort of 2.8 
million Danes aged 20-64 years in 1970. Each person was classified by his or her industry and occupation in 1970. Before tabulation of 
the data on incidence of cancer, each industry-occupation group was coded for potential exposure to electric and magnetic fields. Based on 
publications the threshold level for electric fields was 1 kV/m and for magnetic fields 0.3 pT. Six different codes was possible, but only 3 
codes was frequently used: No exposure, probable exposure to intermittent magnetic fields and probable exposure to magnetic fields 
continuously higher than threshold level. The assessment of potential exposure in each of the industry-occupation combinations separate 
for men and women was based on a review of published studies and a few field measurements. The coding was made independently by 
two persons and disagreed in approx 15% of the combinations, where a consensus coding was undertaken. 154OOO men and 79000 women 
were considered intermittently exposed. The numbers for continuously exposure were 18000 men and 4OOO women. Intermittent exposure 
was not associated with an increased risk of leukaemia, brain tumors or melanoma. Men with continuous exposure, however, had an 
excess risk of leukaemia; observed 39 and expected 23,80: obs/exp 1,64 95% CI 1,20-2,24 with equal contributions from acute and other 
leukaemias. These men had no excess risk of brain tumors or melanoma. A risk for breast cancer was suggested in exposed men but not in 
women. The risk for leukaemia in continuously exposed men was mainly in electricians in installation works and iron foundry workers. 
Results from other cancer sites will be presented. Besides electromagnetic fields other exposures should be considered as possible 
aetiological agents. 

jriTj 
A META-ANALYSIS OF THE SWEDISH AND DANISH STUDIES OF CANCER IN CHILDREN LIVING CLOSE TO POWER 
LINES. M. Feychtin *I, G. Schulgen*2, J.H. O l ~ e n * ~  and A. Ahlbom*l. IInstitute of Environmental Medicine, Karolinska Institut, 
Stockholm, Sweden. %Institute of Medical Biometry and Informatics, Albert-Ludwigs University, Freiburg, Germany. 3Danish Cancer 
Society, Danish Cancer Registry, Copenhagen, Denmark. 

During 1993, results from three Nordic studies investigating the relationship between residential magnetic fields from power lines and 
childhood cancer were published. A Swedish study showed about a twofold relative risk for leukemia along children exposed to magnetic 
fields of 0.2 pT or more, but no association for other types of cancer in children. A Danish study found a fivefold relative risk for 
lymphoma among exposed children, and a little less than twofold relative risk for leukemia. Both studies took advantage of the population 
registry system in the Nordic countries which made it possible to minimize the risk for selection bias. They also used a novel approach to 
exposure assessment in that magnetic fields were calculated based on power line configuration and load on the power lines for different 
points in time before diagnosis. One of the concerns in both studies are the small numbers. Since we believe that random error is the 
major reason for differences in the relative risk estimates between the two studies, we decided to combine the two datasets in order to 
increase the number of exposed cases and obtain more stable relative risk estimates. We also wanted to analyze higher magnetic field 
levels and look at the effect of duration of the exposure. Results from the joint analyses will be presented. 
A Finnish study of cancer in children living close to power lines was also published during 1993. Since this was a cohort study it could not 
be combined with the Danish and Swedish studies in a full meta-analysis. Thus, we performed a pooled analysis of the estimates from the 
three studies (1). The results of the pooled analyses yielded relative risk estimates for leukemia of 2.1 (95% CI 1.1-4.1) and for nervous 
system tumors of 1.5 (0.7-3.2). There were no evidence of an excess risk for lymphoma. The elevated relative risk for nervous system 
tumor was based partly on multiple cancers in one subject in the Finnish study. 
1. Ahlbom et al. Electromagnetic fields and childhood cancer. The Lancet 1993; 343:1295-6 

SESSION F-1: MELATONIN AND PINEAL FUNCTION 
CO-CHAIRS: Walter Rogers and Masamichi Kat0 

j 
INFLUENCE OF SHORT WAVE RADIOTRANSMITTER INDUCED ELECTROMAGNETIC FIELDS ON REPORTED 
SLEEP DISORDERS AND LEVELS OF URINE MELATONIN EXCRETION. T. Ableinl, T. Krebs1, E. Altpeterl, D. Pflugerl, H. 
Gerber2.11nstitute of Social and Preventive Medicine, University of Beme, Switzerland. 2Central Chemical Laboratory, Inselspital, 
Switzerland. 

Residents living near the short wave transmitter in Schwarzenburg (Canton of Beme) have reported various health problems they suspect 
to be related to the transmitter. We have examined this issue. In a f i t  step, a standardized interviewer-administered questionnaire was 
designed. 74% of residents from the exposed community and 55% of residents from a control community were interviewed. The results 
indicated an excess of psychovegetative disorders, in particular sleep disorders. 
Low circulating Melatonin, a hormone produced in the pineal gland may be associated with sleep disorders. A possible biological 
mechanism consists in the suppression of melatonin production by exposure to electromagnetic fields (EMF). In order to test this 
hypothesis we selected a sample of 60 participants from the first study. These volunteers completed a questionnaire. Measurements of 
EMF were performed in their bedrooms. During ten days a diary on sleep disturbancies was completed and the first urinary excretion in 
the morning was sampled. During this period, the transmitter was switched off for 3 days. The urine samples are currently being analysed 
for 6-Sulfatoxymelatonin and creatinine. 
This study design allows the assessment of the effects of short time changes in radiotransmitter induced electromagnetic fields on sleep and 
melatonin levels. Preliminary results will be presented at the conference. 
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IF-1-21 
THE EFFECT OF EMF EXPOSURE ON NEUROENDOCRINE MECHANISMS OF ENVIRONMENTAL INTEGRATION. 
K.S. Matt*, B.W. Wilson, J.E. Morris, L.B. Sasser, D.L. Miller and L.E. Anderson. Arizona State University, Tempe, AZ 85287-0404 
USA. Pacific Northwest Laboratory, Richland, WA 99352 USA. 

In the Siberian dwarf hamster, Phodopus sungorus, the photoperiodic response can be modified by numerous environmental stimuli 
including social interactions, dietary, and climatic changes. Recent studies from several laboratories have shown that EMF can act as an 
environmental stimulus that modifies the nocturnal changes in melatonin. This investigation was designed to examine the interaction 
between photoperiod and EMF on the nocturnal changes in pineal melatonin and hypothalamic neurotransmitters. In all studies animals 
were exposed either to a sham field, or 0.1 mT 6O-Hz magnetic field (horizontal axis, linearly polarized) for 15 min, 2 hours before the 
onset of darkness. Animals were then killed at 3 and 5 hours after onset of darkness. Pineal melatonin was assayed by RIA at Pacific 
Northwest Laboratory, and neurotransmitters were assayed at Arizona State University. Catecholamines were assayed in hypothalamic 
tissue homogenates, following alumina extraction, with HPLC and electrochemical detection. Results indicate that in animals exposed to 
short photoperiods exposure to EMF results in a delay in the onset and a reduction in the amplitude of the melatonin peak during the 
subsequent dark phase, similar to results seen in previous studies. Furthermore norepinephrine in the medial basal hypothalamus of 
exposed males was increased compared to controls both at 3 and 5 hours after the onset of darkness. This increase in norepinephrine in the 
medial basal hypothalamus is similar to changes in catecholamines in this area following exposure to a long photoperiod. It appears that 
EbW causes pineal and hypothalamic changes similar to those caused by exposure to increased light. Therefore, it seems that EMF effects 
would be most dramatically demonmated in animals an short daylengths with long night phases. Based oa these rea& we wouId atso 
predict that auimals on kmg photoperiods with short night phases would &ow less effkts of EMF on pineal and hypothahuk 
netlrochemisny. S ~ y ~ ~ w o \ i r d p e d i c r t h a t ~ t h a t ~ e i n s e a L p i t i v c t o t h e ~ ~ s t s i s t h e c a s e i n p h o t o r e f r a c t o r y ~  
would a h b e  relatively insensitive to the effects ofEMF. These. predictians were de in two subseqmt studies. In one study 
animals maintained on long photoperiod (LD 168) failed to show a significant suppression of pineal melatonin in response to EMF. In a 
second study, animals that were maintained on short photoperiod (LD 8:16) for longer than 8 weeks failed to show statistically significant 
suppression of pineal melatonin in response to EMF. We conclude from these studies that photoperiodic environment is an extremely 
important modifier of the response to EMF. Future studies will examine in detail the neurochemical consequences of acute daytime 
magnetic field exposure along the retinohypothalamic tract and in the retina itself. Additionally, we will examine the neuroendocrine 
mechanisms involved in the processing, integration, prioritizing, and translation of these various environmental stressors and its subsequent 
effects on the health and physiology of the animal. 
(Supported by the U.S. Department of Energy, office of Energy Management under contract DOE-AC06-76RLO 1830). 

jFiq 
EFFECTS OF DAILY 60 HZ MAGNETIC FIELD EXPOSURES ON REPRODUCTIVE DEVELOPMENT AND THE 
MELATONIN RHYTHM IN THE DJUNGARIAN HAMSTER DURING SEXUAL MATURATION. S.M. Yellon*, J.C. Smith* 
and H. Trong. Departments of Physiology and Pediatrics, Loma Linda University School of Medicine and Jerry L. Pettis Memorial 
Veterans Medical Center, Loma Linda, CA 92350 USA. 

In the male Djungarian hamster, reproductive maturation is controlled by photoperiod and the circadian pattern of melatonin in circulation. 
Puberty occurs in long days but is arrested by exposure to short daylengths. This effect of photoperiod appears to be mediated by the 
circadian melatonin rhythm because melatonin production from the pineal gland and its concentration in circulation at night are increased 
in direct proportion to the duration of darkness. In adults of this species, such critical components of the nocturnal melatonin rhythm as 
duration, peak time, and amplitude are reduced by acute exposure to a 1 gauss 60 Hz magnetic field (for 15 min 2 h before lights off) in 
some but not all studies (DOE Contractors Review 1992: A-22; 1993:A-29). This finding raises the possibility that magnetic field 
exposure alters the biological clock mechanism through which photoperiod controls the circadian melatonin rhythm. Thus, during sexual 
maturation daily magnetic field exposure would be expected to reduce the duration of the nighttime melatonin rise and induce puberty in 
hamsters in short days. To test this hypothesis, male Djungarian hamsters were transferred at 18 days of age (weaning) from long days of 
16 h l ightby (LD) to short days of 10 h light/day (SD) to delay puberty. Another group of males remained in long days to assess the 
effect of magnetic field exposure on the normal onset of puberty. From 18 to 25 days of age, hamsters in both SD and LD (males and 
comparably treated females) were exposed each day to the magnetic field for 15 min beginning 2 h before lights off (modified Merritt coil 
system used to apply a 60 Hz 1 gauss vertical field). Each day, sham controls were simultaneously placed in an adjacent coil system but 
current was not applied. Hamsters were decapitated at 25 days, at 1.5 - 4 h intervals. to determine the nighttime melatonin rhythm in the 
pineal gland and circulation. After seven days of treatment, paired testes weights of hamsters in LD were typical for a normal onset of 
puberty (mean f SE for field exposed: 283 f16 mg, n = 22 versus sham: 216 f 23 mg, n = 27; p > 0.05, ANOVA). The SD treatment 
suppressed testes development to the same extent in d e s  exposed daily to the magnetic field (1 18 f19 mg, n = 20) as in shamexposed 
controls (8 1 f18 mg, n = 23). Therefore, daily magnetic field exposure did not interfere with photoperiodic control of sexual maturation, a 
conclusion subsequently confrmed in a replicate study. For the melatonin rhythm, the duration of the nocturnal rise was reduced by the 
magnetic field treatment in LD hamsters. Melatonin concentrations in sham-exposed controls were significantly increased in the pineal 
gland and serum by 1 h after lights off compared to the delayed rise at 5 h after darkness in magnetic fieldexposed hamsters; a lag of 
several hours in the nighttime rise. In SD hamsters, the duration of the nighttime melatonin rise was extended relative to that in LD 
controls, however, there was no evidence of an effect of magnetic field treatment. Thus daily magnetic field exposure influences the 
nighttime melatonin rhythm in juvenile hamsters in long but not short days. These field effects on the melatonin rhythm are consistent 
with the conclusion that daily magnetic field treatment neither alters the normal onset of puberty in long-day maintained hamsters nor 
disrupts the mechanism of photoperiodic time measurement that mediates the short-day induced delay in sexual maturation. In contrast to 
the absence of a daily magnetic field exposure effect on the melatonin rhythm in the SD juvenile, acute exposure to this same magnetic 
field reduces the duration of the nighttime rise in SD adults. Although juveniles may be more resistant to the biological effects of magnetic 
field exposure than adult Djungarian hamsters, it is also possible that an adaptive process restrains the influence of chronic daily magnetic 
field exposure on the photoperiodic control of reproductive physiology. 
Supported by the NEHS (ROI-ESO6137) and the DOE (Office of Energy Management). 
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lF-1-41 
PINEAL FUNCTION ASSESSMENT IN F344 RATS AND B6C3F1 MICE EXPOSED TO 60 HZ MAGNETIC FIELDS. D.L. 
McCormickl, M.A. Cahill*l, J.B. Harder*l, B.M. Ryan*l, J.C. Findlay*l, L.E. Pomerantz*l, R.R. S~ymanski*~ and G.A. Boorman2. 
11lT Research Institute, Chicago, IL 60616 USA. 2National Institute of Environmental Health Sciences, Research Triangle Park, NC 
28704 USA. 

Although the mechanism(s) by which magnetic fields may influence biological processes remain largely unidentified, influences on pineal 
function have been proposed as mediators of such effects. To identify and characterize possible influences of exposure to power frequency 
magnetic fields on pineal function, F344 rats and B6C3F1 mice (12 per sex per group) received continuous exposure to pure sinusoidal 60 
Hz fields of 10 G, 2 G, 20 mG, or 0 G (sham control), or intermittent exposure (1 hr on, 1 hr off) to 10 G fields for 185 hours per day for 
10 weeks. Field strengths in exposure rooms were 32% of the target at all times during the exposure period, ambient magnetic fields in 
exposure rooms were less than 0.7 mG. Within each exposure group, 6 animals per sex per species were randomly designated for 
euthanasia at the nocturnal peak of serum melatonin, nocturnal melatonin rhythms in both sexes of F344 rats and B6C3F1 mice were 
characterized during a preliminary pilot study. Remaining animals in each group were euthanasized between hours 4 and 6 of the light 
cycle. After 10 weeks of magnetic field or sham exposures, animals were euthanized by decapitation, and uunk blood was collected. 
Serum was harvested and stored at -20 *C for analysis of melatonin (rats and mice) and 6-sulfatoxymelatonin (rats only). After blood 
collection, the pineal gland was harvested from each animal, frozen on dry ice, and held at -70 *C for analysis of melatonin levels and 
pineal activity of N-acetyl transferase (NAT), the rate-limiting enzymatic step in melatonin biosynthesis. Melatonin and 6- 
sulfatolipelatonin were quantitated via radioimmunoassay, NAT activity was determined by measuring the transfer of 14C-acetate from 
acetyl CCoenzyme A to tryptamine Ha. All assays were performed by individuals who were unaware of the group identity of 
individual serum or pineal samples. Serum and pineal melatonin levels in both species, serum 6-sulfatoxyrnelatonin levels in rats (mice 
were not evaluated), and pineal NAT activity in both species were all higher during the dark cycle than during the light cycle. Exposure to 
60 Hz magnetic fields had no clear effect on any measure of pineal function that was evaluated. These data suggest that exposure to pure 
60 Hz magnetic fields has no effect on peak nocturnal melatonin levels or NAT activity in either F344 rats or B6C3F1 mice. However, 
additional studies to determine the possible effects of transients on pineal function and to characterize possible time shifts or influences on 
duration of melatonin peaks must be performed and evaluated before influences on pineal function may be excluded as a general 
mechanism for magnetic field bioeffects in these strains of animals. 
(Supported by contract NO1-ES-25351 from the National Toxicology Program, National Institute of Environmental Health Sciences) 

” 

-1 
EFFECTS OF MAGNETIC FIELDS ON CHICKEN PINEAL MELATONIN METABOLISM IN VITRO. F.C. Leung, R.D. 
Quesenberry, R.W. Schreckhise, DL. Miller and L.E. Anderson. Battelle, Pacific Northwest Laboratories, Richland, WA 99352 USA. 

It has been reported that electric and magnetic fields si@icantly affect pineal melatonin metabolism in vivo. Whether such observed 
changes are due to a direct effect on the gland or an indirect effect of field exposure mediated through the nervous system has not been 
clearly demonstrated. The objective of this research project is to evaluate the influence of magnetic field exposure on melatonin 
metabolism of pineal glands in vitro. Chicken pineal glands are cultured in a system that includes a regulated light source for modulation 
of the light/dark cycle (12:12 L/D). As described in presentations at previous BEMS meetings, the incubator system is controlled by, but 
remote from, a standard laboratory incubator and is encircled by magnetic field exposure coils. Pineal glands from 2-6 week old chickens 
are maintained under 95% 0 2 ,  5% Co;! in a perfusion system. Both single and multiple chicken pineo$ glands have been used in the 
perfusion studies and are kept viable in the perfusion chamber by a continuous flow of medium at 39 C for up to 7 days. Melatonin 
secreted by the cultured pineal glands is measured by a melatonin radioimmun$xmay using 1251-melat0nin as the label; Perfusate samples 
are collected into a fraction collector and are subsequently kept frozen at -20 C until assays are performed. Results indicate that chicken 
pineal glands do maintain a strong rhythm of melatonin cyclicity in vitro when cultured under 12:12 L/D cycles. When chicken pineal 
glands were cultured in constant light or constant dark, melatonin rhythms were disrupted. Chicken pineal glands have been exposed to a 
reversing dc magnetic field under a variety of conditions: specifcally, the horizontal component of the earth‘s dc field (0.4 G) was reversed 
to -0.4 G with a time constant of 7 milliseconds. The reversal of the field occurred once each minute or once each hour with the principle 
exposure during the dark phase of the IJl cycle. No significant effects on pineal melatonin cycles were observed under these conditions 
of exposure. Exposures of chicken pineals to 20 G, 6O-Hz magnetic fields are currently underway. 
Research funded under Electric Power Research Institute contract F@ 2965-10. 

-1 
MELATONIN AND MAGNETIC FIELDS AFFECT GAP JUNCTIONAL INTERCELLULAR COMMUNICATION: A 
POSSIBLE MECHANISM TO INFLUENCE NEOPLASTIC PROCESSES. A. M a 1 ,  M.A. Trillol, D.E. House** and CF. 
Blackman2. 1 Hospital Ramon y Cajal, Dept. Investigacion, 28034 Madrid, Spain. 2U.S. Environmental Protection Agency, Research 
Triangle Park, NC 27711-2055 USA. 

Evidence exists that the pineal gland and its hormone, melatonin, play a role in the control of neoplastic processes. It has been reported 
that ELF magnetic fields (MFJ can alter melatonin secretion in different organisms and a 60-Hz MF has been shown to block melatonin- 
induced inhibition of cell proliferation in MCF-7 human breast cells. These and other reported effects of ELF MF are believed to be 
exerted through cell membrane-related events. Since gap junctional intercellular communication (GJIC) is known to be involved in 
controlling cell proliferation and differentiation, and seems to play a crucial role in suppression of tumor promotion, we hypothesize that 
melatonin could exert its putative oncostatic action, in part, by maintaining the proper levels of GJIC, and that ELF MF could counteract 
that action. Low density cultures of C3H l0TlPZ mouse fibroblasts were incub@xl until relatively quiescent monolayers were established 
(17-18 days). Melatonin was then applied to the cells at concentrations of IO- to lo-* M. Twenty-four hours later, the fluorescent dye 
Lucifer yellow was scrape-loaded into groups of cells and the transfer of the dye to ad’acent cells through gap junctions was scored. The 
results showed that physiological concentrations of melatonin (only M) induce a significant increase of GJIC. This 
increase was not observed with the cultures exposed to a 60-Hz, 16-Gauss (rms), sine wave MF for 30 minutes before the scrape-load 
assay was performed. The results suggest that ELF MF could exert their putative oncogenic effect by blocking the melatonin-induced 

and 
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increase in GJIC. 
Support was received from Fondo de Investigacion Sanitaria for AU (BAE 93/5127) and for AT (BAE 93/5126). CFB was supported in 
part by Department of Energy, Office of Energy Management, IAG# DE-AIO1-89CE34024. .This is the abstract of a proposed presentation 
and does not necessarily reflect EPA policy. 

ELF INHIBITION OF MELATONIN'S NATURAL ONCOSTATIC ACTION ON MCF-7 CELLS: 60 HZ DOSE THRESHOLD 
DETERMINATION. R.P. Liburdy, J.D. Harland*, C. Heffernan*, M. Seeley* and E.E. Dunham*. Bioelectromagnetics Research 
Facility, Department of Cell & Molecular Biology, Life Sciences Division, Lawrence Berkeley Laboratory, UC Berkeley, Berkeley, CA 
94720 USA. 

This research continues our investigation of the role of environmental magnetic fields in the etiology of human breast cancer, using a 
human mammary adenocarcinoma (MCF-7) in vitro model system employing melatonin as a natural growth inhibitor [l-31. 
Electromagnetic field exposure is postulated to be a risk factor in the epidemiology of human breast cancer, since circulating melatonin 
levels are reduced in animals exposed to ELF magnetic fields [4]. In addition, a recent casecontrol study of breast cancer among women 
in elecnical occ ations supports this hp thes i s  [5 ] .  Our approach measures MCF-7 cell growth over an eightday period (seeding 

411are Menitt m i l s  that eliminate any extraneous magnetic fields (refer 
expose cells simultaneously in four incubators to very uniform, low 
Reviwly, we have shown that continuous exposure of MCF-7 cells to 
This implies a second field interaction, acting distal to the pineal gland 
untreated with melatonin at 12 mG, show no difference in growth fiom control cultures. Another laboratary has begun similar studies, and 
in preliminary data has obtained results consistent with ours [6]. In this study, we have further defined the limits of this phenomenon: a 6 
mG magnetic field shows no blocking effect on inhibition by melatonin (17% inhibition; pc0.035.4 experiments), yielding similar results 
to a 2mG magnetic field (17% inhibition; p<O.OOOl, 8 experiments). Therefore, a magnetic field dose threshold apparently exists between 
6 - 12 mG; we are currently determining the effect of intermediat field intensities. We also find that 12 mG magnetic fields block 
melatonin's natural oncostatic action across concentrations of 10-pto M, suggesting this 60-Hz magnetic field effect does not 
represent a shift in melatonin's dose-response (p<0.03,3 experiments). Broadening the scope of these. studies we have begun experiments 
in which melatonin is substituted by Tamoxifen. Tamoxifen is a nonsteroidal antiestrogen that competitively blocks estrogen receptors and 
produces an antiproliferative effect; it is the most widely used antihormonal therapy of choice for treatment of breast cancer [7]. In 
preliminary studies we observe that a 12 mG field can block the oncostatic action of the drug Tamoxifen on MCF-7 cell growth; a 2 mG 
field did not. These results are similar to those for melatonin, however since Tamoxifen acts through the estrogen receptor these results 
suggest that the ER is a possible site of magnetic field interaction with MCF-7 cells. Future research will be directed at defining 1) field 
parameters, including whether the E or the B field is the operative field metric; and 2) a mechanism at the cellular level, including ER 
involvement and/or possible 60-Hz field alterations of signal transduction. Contributions of E and B field components will be tested by 
two methods: by rotating the B field ninety degrees, and by altering the culture plate radius. Our 12 mG exposures correspond to an 
of 6.9pV/cm, and both approaches can reduce this by a factor of iten while maintaining a constant B field. 
[ll S.M. Hill and D.E. Blask, (1988) Cancer Research48:6121-6126. 
[21 R.P. Liburdy, et al., (1993) J. Pineal Research 14239-97. 
131 R.P. Liburdy, et al., (1993) In "Electricity & Magnetism in Biology & Medicine", (Ed. M. Blank), San Francisco Press, San Francisco, 
pp. 398400. 
[4] R.G. Stevens, et a1.,(1992) FASEB J. 6:853-860. 
[51 D.P. Loomis, et al, (1993) Annual D.O.E. Contractors Meeting, Oct.31-Nov. 4, Savannah, GA, Abstract A-50. 
[61 D.E. Blask, et al., (1993) Ibid, Abstracts A-28, P-45. 
[71 J. Rakoff (1992) Science News 141:266-269. Supported by the Office of Energy Management, Utilities System Division, the office of 
Health and Environmental Research, of the Department of Energy, under contract DE-AC03-76SF00098, and the NM under Grant 
CA53711 from the NCI. 

density: 0.1 x 10 Y cellsfi5 mm plate; 10- M melatonin), using four identically matched incubators with mu-metal chambers enclosing 4- 
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IG-1-41 
RISK ASSESSMENT ON 50 HZ MAGNETIC FIELD AND CHILDHOOD CANCER. A. Ahlbom. Dept. of Epidemiology, 
Karolinska Institute of Env Med, S-17177, Stockholm, Sweden. 
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CO-CHAIRS: Mays Swicord and Peter Semm 

pTT5-j 
CARCINOGENIC MECHANISMS: OVERVIEW ANTI POSSIBLE RELATION TO ELF MAGNETIC FIELDS. B. Holmberg. 
Dept. of Toxicology, S-17184, Solna, Sweden. 

W 

V I  
PRESENTATION OF RESULTS FROM NORDIC OCCUPATIONAL STUDIES. B. Floderusl, T Tynesz. P. Raskmark3, J. 
Juutilainen4. lDept. of Neuromedicine, National Institue of Occupational Health, S-17184, Solna, Sweden. *Cancer Registry of Norway, 
0130 Oslo, Norway. 3Aalborg Univ., DK-9220 Aalborg, Denmark. 4Univ. of Kuopio, Dept. of Environmental Science, FIN-70211, 
Kuopio, Finland. 

IG-1-71 
POSSIBILITIES FOR EVALUATION OF THE MAGNETIC FIELD IN OCCUPATIONAL STUDIES, CANCER 
HYPOTHESES. Panel 

p n T j  
INCREASED LEVELS OF HSWO TRANSCRIPTS ARE INDUCED WHEN CELLS ARE EXPOSED TO LOW FREQUENCY 
ELECTROMAGNETIC FIELDS. R. Goodman', M. Blankz, H. Lin', L. Sooz, D. Weisbrot3 and A.S. Henderson4. lDepaNnent of 
Pathology, Columbia University Health Sciences, New York, NY 10032 USA. zDepamnent of Physiology, Columbia University Health 
Sciences, New York, NY 10032 USA. 3Deparunent of Biology, William Paterson College, Paterson, NJ USA. 4Department of 
Biological Sciences, Hunter College-CUNY, New York, NY 10021 USA. 

The molecular biology of the stress response has provided one of the best characterized paradigms for inducible gene expression. Many 
different stresses stimulate this response. The potential for interactive regulation at the uanscriptional level, following exposure of cells to 
electric and/or magnetic fields, as well as our observations in Drosophila, prompted an analysis of heat shock mRNA in cells exposed to 
EM fields. Previous experiments using transcription autoradiography showed increases in the transcription of several heat shock genes, 
including hsp70, in Drosophila salivary gland cells exposed to extremely low frequency (ELF) electric and magnetic (EM) fields. These 
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data suggested that the physiological mechanism involved in the cellular response to elf EM fields may be similar to or mimic the response 
to heat shock. We have tested the hypothesis that the stress response could be part of a possible cascade of events in cells exposed to ELF 
EM fields, applied AC or induced current. It was critical to this hypothesis that we test all exposure conditions where transcript increases 
had been previously measured. Transcript levels for both c-myc and hsp70 were increased when HL-60 cells were exposed for 20 minutes 
fo either a 60 Hz sinusoidal EM field (Helmholtz coils) (8 CLT; induced E field -11 pV/m), applied AC or induced current using a toroid 
exposure system. Alternating current applied with electrodes or induced in a toroid were used to determine the effect of an electric field 
alone (E field -6 mVEm). Both sets of conditions induced increased transcript levels for c-myc and histone H2B as well as hsp70 in human 
HL-60 cells, There was no increase in transcripts for 8-2 microglobulin under all exposure conditions (average EJC =0.99 f 0.009). 
Although the steady state level of hsp70 transcripts was significantly lower than those of c-myc transcripts, the pattern of response was the 
same. Steady-state levels of hsp70 vs. c-myc were estimated on the basis of counts bound in hybridizations, and experiments where the 
steady state levels of each transcript were compared in RNA from the same exposure. The generality of the response was tested by using 
yeast cells in experiments with Helmholtz coils (SkT,60 Hz). Transcript levels in yeast for the SSAl gene (homologous to hsp70) were 
coordinate with those for URA3, the gene for uracil metabolism. Our data suggest that the physiological mechanism in the cellular 
response to ELF EM fields may be part of a general physiological response to stress. 
References 
M Blank, 0 Khorkova and R Goodman. Changes in Polypeptide Distribution Stimulated by Different Levels of Electromagnetic and 
Thermal Stress. Bioelectrochem Bioenerg, in press. 
R Goodman, M Blank, H Lin, 0 Khorkova, L Soo, D Weisbrot and AS Henderson. Increased Levels of HSF70 Transcripts are Indud 
when Cells are Exposed To Low Frequency Electromagxak 
We thankNlEHs &DOE for their 

TRANSCRIPTION AND TRANSLATION IN A CELL-FREE SYSTEM EXPOSED TO A SINUSOIDAL MAGNETIC FIELD. 
E.M. Goodmaj~l, B. Greenebauml and M.T. -onz. lBiomedical Research Institute, University of Wisconsin-Parkside, Kenosha, WI 
53141 USA. Office of Naval Research, Arlington, VA 22217 USA. 

We are using a cell-free expression system derived from Escherichia coli to examine the promoter responses following electromagnetic 
field (EMF') exposure. Earlier cell-free experiments using an E. coli 30,000 x g supernatant extract (S-30) showed that expression of the 
cr2,B,B', and holo (012,8,8') subunits of DNA dependent RNA polymerase was enhanced following electromagnetic field exposure 
(Goodman et al. 1993 Biochim. Biophys. Acta 1202, 107). In new cell-free system experiments using both an S-30 and a reconstituted 
ribosomal system (S-300) we examined the effect of magnetic field exposure on expression of gyrase A, a protein involved in DNA 
supercoiling. The S-100 expression system uses reconstituted ribosomes thereby eliminating the possibility that cell membrane fragments 
may be involved in the EMF-response. The data show enhanced expression in both the S-30 and S-100 systems following 15 minute 
exposure to a 45 Hz, 1.1 mT (rms) sinusoidal magnetic field. We have successfully uncoupled transcription from translation in both E. coli 
systems using rifampicin, an inhibitor of RNA polymerase. Experiments are in progress to determine whether transcription and/or 
translation is altered as a result of EMF exposure. Preliminary data suggest that translation is not affected in these systems. 
These experiments were supported by the Office of Naval Research. 

(H-1-4 
DIFFERENTIAL GENE EXPRESSION IN NERVE GROWTH FACTOR-TREATED PC12 CELLS EXPOSED TO A 1 GAUSS 
SINUSOIDAL MAGNETIC FIELD AT 60 HZ. J.L. Phillips, W. Haggren*, T. Ishida-Jones*, 0. Ivaschuk* and W.R. Adey. Pettis 
Memorial VA Medical Center, Loma Linda, CA 92357 USA. 

Blackman and colleagues have reported very intriguing results in their studies of magnetic field (MF) effects on neurite outgrowth in 
PC12 pheochromocytoma cells. In particular, MF exposure of the parental PC12 cell line resulted in decreased neurite outgrowth (CF 
Blackman et al., FASEB J 7:801-806,1993)), while MF exposure of a FC12 variant, KlD, resulted in increased neurite outgrowth (CF 
Blackman et ul., Bioelectromagnetics 14:273-286.1993). A major difference between these two cell lines is that the parental line requires 
exposure to nerve growth factor (NGF) for 1 week &e., "priming") to induce neurite outgrowth, while the PC12D cell line requires no 
priming and will produce neurites after a single exposure to NGF. Additionally, it has been demonstrated that NGF priming induces the 
transcription of certain genes necessary for neurite outgrowth and which is not observed in PC12D cells. On the other hand, NGF 
treatment of PC12D cells induced gene uanscription and other events common to both cell lines. PC12 and PC12D or related cells would 
seem to constitute an ideal system with which to study possible MF effects on gene transcription and to define biological mechanisms by 
which MF exposure alters key biochemical and cellular behaviors. Techniques such as differential screening and subtractive hybridization 
are brute force methods that, over a period of months, can be useful in identifying genes expressed differentially in one group of cells as 
compared to another. We, however, have employed the recently described technique of mRNA differential display to identify genes 
expressed differentially in MF exposed and unexposed control PC12 cells that have been treated with NGF. This technique involves PCR 
amplification of sub-sets of mRNA, the same in each treatment group, and resolution of the isotopically labelled bands on a DNA 
sequencing gel, thus providing an "RNA map." In our studies, we have employed a subclone of PC12 cells similar to the PC12D l i e  used 
by Blackman and colleagues. Cells were cultured to approximately 80% confluency and then were treated with NGF. Cultures were then 
either exposed to a 1 G sinusoidal MF at 60 Hz for 6 hr or were placed in a control incubator. Total cellular RNA was isolated by an acid 
guanidinium thiocyanate procedure and was then used for differential display using materials provided by GenHunter (Brookline, MA). 
Using various arbitrary primers, we have detected a number of bands representing genes expressed smly in MFexposed cultures, expressed 
& in control cultures, and those expressed to a greater or lesser extent in MF exposed cultures. We have isolated 7 bands from RNA 
maps which represent genes expressed only in MFexposed cultures of NGF-treated cells. These bands are now being sequenced and used 
to generate probes to fully characterize the pattern of MF-induced alteration in the expression of these genes. Data will be presented in 
both of these areas. 
This work supported by the Department of Energy, Office of Energy Management, Contract DE-AIO1-90CE35035. 
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INTERACTION OF LOW-FREQUENCY, LO W-INTENSITY ELECTROMAGNETIC FIELDS WITH HAEMOPOIETIC 
STEM CELLS. B.M. Reipert, D. Allan*, R.E. Dale* and T.M. Dexter*. Paterson Institute for Cancer Research, Christie Hospital, 
Manchester, M20 9BX, U.K. 

A series of epidemiological studies including residents who live close to high voltage power lines have shown a possible link between the 
exposure to weak electromagnetic fields (Em and an increased risk for the development of leukaemia. In this context we have 
established an in vitro system to find out whether there are any effects of EMF on the short and long-term responses of haemopoietic stem 
and progenitor cells to appropriate growth factors. Our investigations, which started in 1991, have been carried out on a welldefined 
growth factor dependent non-leukaemic haemopoietic stem cell line (FDCP-mix) that was originally derived from a long-term bone- 
marrow culture of B6D2F1 mice [Spooncer et al (1984): Nature 310, 228-2301. A facility for cell culture in a well controlled EMF 
environment has been established in a temperature-controlled warm room. Fields are applied by a combination of a vertical solenoid with 
a Helmholtz coil pair set on a horizontal axis, the whole assembly mounted to permit rotation about a vertical axis. A special low- 
frequency sine-wave generator was developed to supply the AC modulation. The temperature for both experimental and control samples is 
monitored by using thermocouple probes and digital recorders. Local heating of samples due to the coil current is prevented by arranging 
forced air circulation through the cylindrical formers which surround the culture flask support. During the experiments, the local magnetic 
field environment and the temperature within the cylindrical formers, is continuously monitored and recorded by a specially developed 
data logging system. Previously, we reported results of studies concerned with the characterization of various functional parameters of 
FDCP-mix cells after exposure to different AC-fields [Reipert et al (1992): Abstr. R-4, 1. World Congress for Electricity and Magnetism 
in Biology and Medicine, Orlando, Florida] 
Our current investigations are focused on the question of whether EMF might interact with the IL-3 stimulated expression of early 
response genes (e.g. genes of the jun- andfos-family) or even stimulate such an expression in the absence of IL-3. For these studies we 
have used a modified FDCP-mix cell line that is transfected with the bcZ-2 gene [Fairbairn et al(1993) Cell 74,823-8321. All experiments 
were run in series, each series consisting of 6 single experiments run under identical (other than exposure) conditions, there being 3 paired 
exposure/control runs and 3 paired sham-exposure/control runs in each set. The subsequent analyses are blind; information on which 
experiments were exposure/control runs and which were shamexposure/control runs is reveaIed to the researcher performing all sample 
handling only on completion of all analysis. Cells were left without IL-3 for 20 hours before restimulation with JL-3 and simultaneous 
exposure to EMF for 20 min. For each mRNA analysed we performed a separate Northern blot in order to prevent losses of very small 
amounts of mRNA when washing and reprobing blots with different probes. All blots were reprobed with a probe for GAPDH in order to 
correct for small differences in loading of mRNA samples. A Phosphor imaging system from Molecular Dynamics was employed for 
analysis. So far, we have performed 14 experimental series (84 single experiments) and analysed mRNAs for jun-B, c-jun and c-fos. 
Two different EMF conditions have been used: 
1. 6 pTms, 50 Hz, vertical (induced electric field: 23 pV/m) 
2. 2000 ~TRMS, 50 Hz, vertical (induced electric field 7800 pV/m] 
All fields applied were additional to the ambient field. So far we have not found any clear indication for a significant alteration in the IL-3 
induced expression of c-fos, c-jun or jun-B due to the exposure to EMF. This work is supported by The National Grid Company 

ALTERATION OF GENE EXPRESSION BY ELF FIELDS. J.D. Saffer and SJ. Thurston*. Department of Biology and Chemistry, 
Pacific Northwest Laboratory, Richland, WA 99352 USA. 

Recent studies have suggested that extremely low frequency (ELF') magnetic fields can alter the expression of certain genes, including 
proto-oncogenes. These observations are particularly important in light of the potential increased cancer risk from environmental magnetic 
field exposures. Steady-state levels of c-rnyc and B-actin messenger RNA have been examined in HL-60 and Daudi cells after exposure to 
60 Hz ELF fields in a carefully controlled system. Previous work in other labs has shown both positive and ne tive effects in these cell 

several handling and preparation methods have been tested. Using the ribonuclease protection assay with tandem probes that detect both 
the test gene and the internal standard R-2 microglobulin, no consistent changes have been seen given the resolution of the assay (estimated 
to be 10-20%). To determine whether other genes in these cells are responsive to the ELF fields, the differential display PCR method, 
which does not require probes for specific genes, is being used for the rapid detection of transcriptional changes. This research is 
supported by the US Department of Energy, Office of Energy Management, under Contract DE-AC06-76RLO 1830. 

60 HZ ELECTRIC-FIELD-INDUCED ALTERATION OF GLOBIN GENE SPLICING. M. Verma* and S.K. Dutta. Molecular 
Genetics Laboratory, Department of Biology, Howard University, Washington, DC 20059 USA. 

The objective of these studies was to study the effects of 60-Hz electric (E) field on the splicing of the globin gene as part of our 
continuing work to understand the mechanism of altered gene transcription. The rationale for using the globin gene was the availability of 
proper recombinant construct of a globin gene containing both an exon and an intron. We have used a well-characterized splicing 
Construct containing the hemoglobin gene exons 1 and 2 and the frst intron. Confluently grown NG108 neuroblastoma cells were exposed 
for short time (30 min) at 37 OC to the E field. For each experiment internal controls (housekeeping genes 6-actin and glyceraldehyde 
phosphate dehydrogenase), sham, and actual control were included. Thus we confiied our results by including all appropriate controls. 
The transcription inhibition by this 6O-Hz E field was found to be transient because when the exposed cells were recovered in the presence 
of the epidermal growth factors (EGF) and transf rming growth factor B (TFG-B), normal levels of the transcription of the NSE gene could 
be achieved. For these experiments, RNA was 82P-labelled by in vitro transcription and incubated with nuclear extracts of conuol and 
exposed neuroblastoma cells. The resultant RNA was analyzed on native SDS-PAGE. These results suggest that the interaction of 6O-Hz 
E field starts at the pre-mRNA level by altering the normal splicing process. To the best of our knowledge, this is the first report where the 
effect of 60-Hz fields has been demonstrated on the splicing of a eukaryotic gene. 
(Supported partly by an EPA grant, and partly by an institutional training grant from NIGMS-NIH). 
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lines. A variety of conditions including field intensity (ranging from 8 pT to 1 mT) and cell concentration (4x10 Y to lx106/ml), as well as 
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SESSION H-2: NEURAL STIMULATION USING ELECTROMAGNETIC 
ENERGY 

CO-CHAIRS: John DAndrea and Damijan Miklavcic 

1- 
CRANIAL ELECTROSTIMULATION (CES DURING DETOXIFICATION AND RECOVERY FROM POLYSUBSTANCE 
ABUSE. M.E. O'Connor, D.W. Moms* and 4. Bianco, Jr.*1. The University of Tulsa, Tulsa, OK 74104 USA. lhpamnent of 
Veterans Affairs, Honolulu, HI 96850 USA. 

Two separate studies were conducted at a local substance abuse rehabilitation facility. The subjects were male and female inpatients over 
the age of 18 with the exception of pregnant women or patients with a diagnosis of major mental disorder. Patients signed an Informed 
Consent Statement describing the purpose and procedures to be used in the study and also describing the three ueatment groups to which 
they might be assigned. The three groups were a control receiving no CES, a sham group and a treatment group. After consent the 
subjects were assigned to one of the groups according to a previously established random order. Patients were given pre-aeatment and 
post-treatment tests consisting of the Brief Psychiatric Rating Scale (BPRS), Beck Anxiety Inventory, Beck Depression Inventory, 
Hamilton Standardized Anxiety Interview, Hamilton Standardized Depression Interview, and a multisymptom check list. Upon admission 

lowest on all post-test measures and ?he Hamilton anxiety and depression scores indicated statistically signitkant differences between the 
treated and the sham and control groups. There were also differences between the self report measures and the clinical standardized 
interviews. The results indicate that CES alleviates the anxiety and depression associated with drug withdrawal in volunteer patients in a 
double blind study using valid and reliable psychometric assessment techniques. 

rmzrj 
MAGNETIC STIMULATION OF BENT NEURONS. M.A. Abdeen* and M.A. Stuchly. Electrical and Computer Engineering 
Department, University of Victoria, Victoria, B.C. V8P 3P6, Canada. 

Magnetic stimulation of nerves has gained a clinical acceptance and has become a research tool in diagnosis of various disorders of motor 
neurons. One of the important aspects is localization and focusing of the stimulation. Both of these parameters are affected by the shape 
and location of the nerve and numerous parameters of the stimulating coil. Previously published research has dealt with straight nerves. 
The objective of the work presented here is to model stimulation of nerves that have a bend in order to see how it affects the location, 
strength and locality of the stimulus (activating function). The geomeay analyzed consists of a tissue halfspace containing a nerve with a 
straight part parallel to the tissue-air interface and a bent part. The bend has a quarter circle, hyperbolic cosine or parabolic shape. A coil 
placed in air above the tissue is either double square or double circular. These coil shapes have been previously analyzed and are used 
clinically. For long straight nerves it has been previously shown that the activating function is the derivative of the electric field along the 
nerve. For bent nerves analyzed here it is shown that the activating function consists of two components, one dependent on the derivative 
of the electric field and the other on the field itself. Both components have constants that depend on the bend shape. The stimulation 
location is invariably on the bent part of the nerve, and it has been determined. The double-circular coils produce stronger stimuli, but 
square coils produce more focused volume of stimulation. A nerve with a parabolically shaped bend has the smallest stimulation volume 
(most focused stimulus), while nerves with circular bends have a larger and elongated region of stimulation. The easiest to stimulate (the 
largest activating function) is a nerve with a circular bend of a radius of 1 cm. Although our model is simplified as compared with actual 
anatomy and physiology of neural stimulation, it is believed to provide some useful information for clinical applications and a starting 
point for further analysis. 
Supported by Natural Sciences and Engineering Research Council of Canada. 

-1 
HIGH ENERGY MAGNETIC STIMULATION OF LEFT VS RIGHT TEMPORO-PARIETO-OCCIPITAL CORTEX 
DIFFERENTIALLY ACTS ON THE HUMAN IMMUNE SYSTEM. V.E. Am sian*l-*, K. Henry*2, H. Durkir~*~, S. Chi~e*~ ,  J.B. 
Cracco*2, M. Somasundaram*2, N. Has~an*~, R.Q. Cracco*2, P.J. Maccabee*yand L. Eberle*l. SUNY Health Science Center, 
lPhysiology, *Neurology and 3Pathology Departments, Brooklyn, NY 11203 USA. 

While studying the effects of transcranial magnetic coil (MC) stimulation of left and right T-P-O cortex on perception and vocalization of 
briefly flashed words vs pictures of common objects, we also sought effects on immune processes. (Lesions of left and right T-P-0 cortex 
are known to differentially effect emotions, which are considered to influence immune processes and susceptibility to disease). The MC 
used (Cadwell Laboratories) was ovoid in shape (6.0 x 5.5 cm; 0.d.) and was placed with the tip 5.5 cm above the external auditory meatus 
with handle pointing posteriorly; it was energized by a damped polyphasic pulse generated by the MES-10 stimulator at 100% output 
(2.2T) for males (M) and 90% for females (F). 5 of us (3M and 2F). ages 36-68, were subjects. All are right-handed. lo0 MC stimuli 
were delivered to a given hemisphere/session, with 1-8 weeks elapsing between sessions. (The MC stimuli were delivered at times, 60-560 
ms, after the visual stimulus, the delay for vocalization beiig measwed, but not reported here.) Venous blood was drawn 1) immediately 
before stimulation (control), 2) immediately after the Stimulation session, which lasted 1.5-2.5 hrs, 3) 4-5 hrs later and 4) at intervals of 1-3 
days. Lymphocytes and Neutrophils were counted; the lymphocyte subsets: CD8+ (suppressowytotoxic), CD4+ (helper-inducer), CD3+ 
T cells, CD16 (natural-killer) and CD19 B cells were counted by flow microfluonmetry. (Hemoglobin content was also measured to 
control against the effects o f .  hemoconcentration or dilution). All 5 of us showed differential effects on one or more lymphocyte subsets 
to left vs right T-P-O MC stimulation. The CD8+ cell count rapidly increased (2M and 1F) within 5 hrs of left-sided stimulation and 
decreased (3M and IF) over a slower time course (24 hrs) with right-sided stimulation. The CD4+ cell count also rapidly increased (2M 
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and 2F) with left-sided stimulation, but responded variably with an increase or decrease with right-sided stimulation. After normalizing the 
data to control values, the maximum % change after left-sided stimulation minus that to right-sided stimulation yielded values for CD8+ 
cells: +72, +50, + 109 0, +5 and -43% 0 and for CD4+ cells: +66, +31, +66 0, -40 and -5% 0. CD16+ (NK) counts also showed the 
largest increases, +88, +29, + 131% 0, with left-sided stimulation, but were reduced, -20,-25, -68% (F), with right-sided stimulation. NK 
cell counts were usually closely correlated with CD8+ cell counts, but not with the CD4+ cell counts. By contrast, CD19+ B cells 
increased 62% (1M) and 49% (1F) with right-sided stimulation. Because Neutrophil cell counts increased with left and right-sided T- 
P-O stimulation, it seemed unlikely that an increase/decrease in a Single humoral factor could explain all our findings. In particular, 
increases in blood cortisol concentration above control did not correlate well with depression of, eg, CD4+ cell counts below control 
values, although a negative slope was detected with left-sided stimulation. (Evidently, future studies should estimate the effect of T-P-O 
stimulation on cytokines). Summarizing, left vs right-sided MC stimulation of T-P-0 cortex in humans differentially affects lymphocyte 
subsets, but patterns of response differ among individuals. It would be of interest to determine if: 1) immune deficient individual also 
show changes with MC stimulation, especially CD4+ cell increases and 2) T-P-0 stimulation can be used to predict the impact of 
emotional/cognitive effects on the immune system of the individual and hence the susceptibility to disease. 

~ 

EFFECTS OF REPETITIVE MAGNETIC STIMULATION OF MEDIAN NERVES ON THE SPINO-BULBO-SPINAL REFLEX 
OF THE H MAN BODY. T. Matsudal, S. Ueno2, A. Kyura2, A. H odo2 and M. Fujiki3. lKurume Institute of Technology, Kurume 

Magnetic nerve stimulation has been widely used in neur0physioIogical research and lid diagnosis. We have developed a method of 
localized magnetic stimulation of the human brain by means of a figure-of-eight coil!*2 We have also developed a method of repetitive 
magnetic stimulation with pulse trains. This paper focuses on realization of the spino-bulbo-spinal (SBS) reflex in human subjects by 
means of magnetic stimulation. Effects of repetitive stimulation of median nerves on the SBS reflex are also discussed. Human adult 
subjects were used in this experiment. Motor evoked potentials (MEPs) were recorded from abductor pollicis brebis (APB) and biceps 
bracii (BB) muscles following single magnetic stimulation of the antero-lateral neck by means of figure-of-eight coil. The magnetic flux 
density of the center of each coil was 0.9 T. Another figure-of-eight coil was positioned on the median nerves, and the coil was driven by a 
train of pulses with a duration 150 ms and frequency 2-10 Hz. The effects of repetitive magnetic stimulation of the median nerve on the 
SBS reflex were evaluated by the change of MEP waveforms. MEPs from APB and BB muscle after magnetic stimulation of the neck 
were clearly recorded caudaly to rostoraly direction of the induced eddy currents. MEPs consisted of early (15-18 ms) and late (300 ms) 
biphasic muscle responses. The latency of the late components were elongated 100 ms under the condition of repetitive magnet 
stimulation of the median nerve. The magnetic flax density of the repetitive stimulation was 0.25 T. This is the first report of the SBS 
reflex in human subjects by means of magnetic stimulation of the neck. Early component of the MEP may be direct response of brachial 
plexus activation by magnetic stimulation. The latter component recorded from bilateral APB and BB muscles may be associated with 
polysynaptic response by way of dorsal root of the spinal cord and reticular formation of the brainstem. This component may correspond 
to, so called, SBS reflex in animal experiments. We have also obtained the frequency effects of repetitive magnetic stimulation of the 
median nerve on the SBS reflex. When we stimulated the antero-lateral neck by single pulses (0.9 T), the peak of MEPs of the late 
biphasic muscle responses appeared at the latency of 332 ms. When the repetitive magnetic stimulation was added to the median nerve (2 
Hz, 0.25 T), the peak of MEPs of the late biphasic muscle responses was shifted at the latency of 430 ms. When the frequency of the train 
pulses was changed from 2 Hz to 6 Hz, the peak of MEP was shifted from 430 ms to 450 ms. We assume that the latency elongation on 
the SBS reflex by repetitive magnetic stimulation of the median nerve is caused by enhancement of a polysynaptic inhibitory system at the 
spinal or more higher levels such as the brainstem. 
1) S. Ueno et al: J. Appl. Physics, Vol. 64, No. 10, pp. 5862-5864, Nov. 1988 
2) S. Ueno, T. Matsuda, and M. Fujiki: IEEE Trans. on Magnetics, Vol. 26, No. 5, pp. 1539-1544, Sept. 1990 

820, Japan. Y Faculty of Eng., Kyushu University, Fukuoka 812, Japan. Medical University, Oita 879-55, Japan. 

pTTJ 
MICROWAVE-INDUCED BRAIN HYPERTHERMIA ALTERS LOCAL CEREBRAL GLUCOSE UTILIZATION. G.A. 
Mickleyl, B.L. Cobb*l, S.T. Farrell*l and C.D. Rose*2. Radiofrequency Radiation Division (ALDER), Armstrong Laboratory, Brooks 
AFB, TX 78235-5324 USA. 2Department of Biology, Trinity University, San Antonio, TX 78212-7200 USA. 

Because brain metabolism is closely tied to brain function, the study of oxygen consumption and other indicators of metabolic activity 
have received considerable scrutiny from those interested in performance measures. Although metabolic measurement techniques have 
been used for years by toxicologists, only a small portion of this research activity has been directed toward the study of microwave- 
induced hyperthermic effects on brain metabolism (Wilson et d., 1980). Metabolic measurements have now been refined through the 
development of an autoradiographic method that uses [ 14C]-2-Deoxy-D-glucose (2DG) as a marker (Sokoloff, 1984). Glucose is the 
primary energy source for brain tissue. For this reason recent investigations have concentrated on the measurement of cerebral glucose 
utilization as an indicator of both normal brain functioning and CNS damage (Sokoloff, 1984). The 2DG technique has a tremendous 
sampling advantage over other methods in that it allows for simultaneous determination of local cerebral glucose utilization (LCGU) and 
associated functional activity in all macroscopic structures of the brain. The 2DG autoradiographic method has been used to measure the 
effects of environmentally-induced temperature change on brain activity (McCulloch et al., 1982). Here, we extended this method to 
microwaveexposed rats. We increased rat midbrain temperature 2 OC and used the 2-DG method to determine LCGUs in 47 separate 
brain areas during a 45-minute period of stable hyperthermia. One, of two hyperthermic agents were used: hot-moist air (N=7) or 5.6 GHz 
microwaves (N=7). Other rats were sham irradiated w=7) and therefore experienced no brain temperature rise. All rats were anesthetized 
with ketamine HCI (50 mg/kg, i.p.) and Acepromazine (10 mg/kg, i.p.) throughout the procedure. Compared to normothermic controls, 
both microwaves and hot-moist air generally raised the LCGU of many brain areas sampled (e.g., Cingulate cortex, parietal cortex, medial 
preoptic area). However, microwave exposure produced rates of LCGU sometimes different from those recorded in hyperthermic controls 
(e.g., in lateral and posterior hypothalamus, lateral leminiscus and subatantia nigra - reticulata). In a continuing study, we then extended 
these observations by determining precise. local temperatures present in brain structures with either similar (e.g., caudate putamen), or 
dissimilar (e.g., hypothalamus) LCGUs during exposure to microwaves or hot air. Preliminary data (N=2/group) indicate that, as before, 
both hyperthermic treatment groups experienced similar midbrain and tympanic temperatures. Further, we determined that both 
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hyperthermic methods produced similar hypothalamic and caudate temperatures during the time period of stable hyperthermia when 
LCGUs were measured. However, we also discovered that microwaves caused a more-rapid rise in the temperature of both caudate and 
hypothalamus than did hot air exposure. These data suggest that stable differences in local brain temperature may not fully explain the 
disparity between microwave- and hot-&-induced LCGUs. In subsequent studies, hypothalamic LCGUs became similar when rates of 
temperature rise were matched between our microwave and hot air groups. Thus, at least in the case of the hypothalamus, different 
LCGUs recorded when rates of temperature rise were not matched (between microwave and hot air methods) may reflect (a) activity of 
non-uniformly heated afferents, or even (b) a memory of different rates of temperature rise experienced before LCGU measurements were 
begun. 

i l l z r j  
ACUTE CHANGES IN BRAIN ELECTRICAL ACTIVITY (EEG) AFTER GSM MODULATED MICROWAVE EXPOSURE 
ON RATS. G. Thuroczy*, G. Kubmyi*, N. Nagy* and L.D. Szabo*. Natl. Res. Inst. for Radiobiology and Radiohygiene, Budapest H- 
1775, Hungary. 

There is need for quantitative evaluation of the phenomena concerning central nervous system (CNS) functions in order to clarify the 

computer. Between the light stimuli EEG Power Spectral Analysis were calculated by FFT processing on 5120 ms epoch. The 40 Power 
Spectrum were averaged and the common EEG frequency bands were separated as: deltal: 0.2-1.55 Hz; delta2: 1.75-3.51 Hz; thetal: 3.70- 
5.46 Hz; the& 5.65-7.21 Hz, alphal: 7.41-9.55 Hz, a l p w  9.75-13.05 I-& betal: 13.26-18.72 Hz; beta2: 18.91-34.90 Hz. The above 
parameters were evaluated before and after (5. min and 20 min) the exposure. No changes were observed in the early (Pl, N1) nor late 
(P2, N2) latency times of VEP after the exposure. The delta bands of EEG Power Spectrum were increased definitely, the alpha and beta 
bands were decreased in the 5 min. after the exposure. These alterations were disappeared in the 20. min after the exposure. 
The research work were sponsored by the COST-PECO and PHARE-ACCORD No. 0492 projects. 

p n T j  
WHICH MEASURES BEST EVALUATE NERVE REGENERATION AND MOTOR RECOVERY FOLLOWING 
TREATMENT WITH DC ELECTRIC FIELDS? J.M. Kerns*l, S.R. Daugherty**, J.A. ranun*l and J.B. Older~haw*~. Rush 
Medical College, lAnatomy Department, *Psychology Department, Chicago, IL 60612 USA. %Jniversity of Illinois and Cook County 
Hospital, Neurosurgery, Chicago, IL 60612 USA. 

Several experimental studies have examined the influence of applied dc electric fields on nerve regeneration following various types of 
nerve lesions. Many have recently concluded that the hypothesized enhancement effect is rather minimal depending upon the level of 
stimulation, lesion type, time of evaluation, and the method selected to measure the recovery. The purpose of the present study is to 
determine the correlation among a variety of functional and structural measures and the usefulness of a combined index of regeneration to 
detect group differences. The sciatic nerve in anesthetized rats was injured by either forceps crush, transection and anastomosis, or 
transection and autograft repair. The electrodes of implanted battery stimulators were positioned to deliver either cathodal or anodal 
current over the nerve, while neutral sham stimulators served as controls. The methods used to estimate nerve regeneration and motor 
recovery during the first two postoperative months have been widely used in several laboratories. They include indices 
(experimentaVunoperated side) for the following variables: (1) sciatic functional index (Sm) of walking track behavior, (2) amplitude and 
area of twitch tension (TT) curves from the digital flexor motor units, (3) latency of the pain withdrawal reflex (PWR) from a heat source, 
(4) wet weight of the gastrocnemius muscle, (5) morphometry of the myelinated mons (eg. number, size, and myelin sheath thickness) in 
the regenerated distal nerve segment, and (6) number of lower motoneurons retrogradely labeled with horseradish peroxidase (HRP). 
Pearson's correlation coefficients and factor analysis were used to determine the usefulness of combining indices to better detect treatment 
group differences for each lesion type. The analysis is limited by the fact that not all variables were used in each experiment and the 
sample size is sometimes small. The results show that each variable or measure of regeneration is largely independent of the other 
variables. The general independence of this set of variables was confiied by factor analysis. Factor analysis failed to identify a single 
salient factor, but rather showed a circumplex relationship. The strongest correlations are for either fiber number with 'IT area (r=-.47, p 
=0.012), HRP number (r=-.53, p = 0.030). and SFI (r= -.63, p c 0.001), TT amplitude with PWR (r= .59, p = 0.005) and muscle weight 
(r=.61, p=0.013), or TI' area with SFI (e.41, p=0.012). Recovery indices of 40% are demonstrated using the SFI, muscle weight and 
fiber counts, while the other measures show recoveries ranging from 57-92%. The functional data collected at weekly intervals has the 
advantage of detecting early group differences which may be transitory. However, the recovery pattern for the PWR occurs more abruptly 
(42-49 dpo) than for the TT and SFI. Given the limitations of the data set, combinations of the variables appear not to have better 
predictive capacity for lesion and treatment than each variable used individually. The measures used were better in detecting differences 
between lesion types than treatment effects. We can also conclude that when small electrical fields are applied to peripheral nerves which 
have been injured, a small but significant enhancement effect is seen only with 'IT amplitude. 
Supported in part by NIH grant NS19769, BRSG grant 507RR5477 and the Enelow Fund. 
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1) SESSION H-3: ELECTROPORATION AND CELL STRUCTURE 
CO-CHAIRS: James Weaver and Alessandro Chiabrera 

IH-3-11 
SYNERGISM OF ELECTROFUSION AND BIOPOLYMER ADSORPTION. H. Berg, U. Grobner and M. Muller*. Laboratory 
Bioelectrochemistry, Institute of Molehlar Biotechnology, Jena, Germany. 

Electrofusion of membranes of animal cells and protoplasts of plants or micro organisms turns out to be a successful tool in modem 
genetics/l/. However the input of high electrical energy E decrease the viability of the cell by destruction of the cytoskeleton and other 
components. Therefore a synergistic combination of dielectrophoresis, biopolymer- (poly-L-lysine (PL)) addition and lowered E values 
has been tested in order to avoid such side effects on the one hand and to find out relations between models for electrofwion mechanism 
and for the chemical fusion processes/2,3/. The fusion yield determined by video-microscopy in the meander-chamber shows an 
exponential dependence on the concentration of PL fractions and an increased relative yield >1,7. This curve corresponds to a Freundlich 
adsorption isotherme approximately (see figure). According to a chemical modelf4t dehydration occurs leading to hydrophobic 
interactions between polymer and membrane besides 
osmotic forces. Additionally bridges between 

mechanisms together with dielectrophoresis form an 1.7 c 
optimal contact between two membranes and encourage 
their intermingling during the pulse. NOW 1.8 .- 
electroporation modelsRl must be extented by Y 
adsorption and insertion of the polymer into hydrophilic '16 -- 
pores (radius 21 nm) increasing their stability and life 
span. These pores are the main prerequisite for fusion 114 
after pulsation. Additionally the surface tension energy 
will be lowered and membrane interaction favoured, too. 
Up to now the cationic PL causes the highest additional 

biopolymers/3/ and consequently the applied pulse 

isotherm offers a simple proof for interactions 
(especially adsorption) of a certain substance with the membrane surface. These results promise practical 0 0.02 0.04 0.46 0.08 6.1 0.12 I 0.14 0.18 

advances as well as a deeper theoretical inside into this 
polymer-supported electrofusion. 

Figure: Dependence of relative elecuofusion yield Y from the concentration of PL 
(Mm=3970 Sigma) in 0,4M mannitol, 1 puls: E=2, lkV/cm, 45ps after preincubation lOmin, dielectrophoresis by lMHz sine wave 500V. 

PI H. Weber, W. Forster, H.-E. Jacob, H. Berg, Enhancement of yeast protoplast fusion by electric field effects, Current Development in 
Yeast Research, 03s.: G. Stewart, J. Russe), Pe-rgamon Press, Toronto (1981)219-221 
/2/ L. Zhang, U. Fiedler, H. Berg, Modification of Electrofusion of barley protoplast by membrane active agents., Bioelectrochem. 
Bioenerg 26( 199 1)87-96 
/3/ L. Zhang, H. Berg, Electrofusion yield modified by membrane-active substances. in: Charge and Field Effects in Biosystems -3. (Eds.: 
M. Allen, St. Chaty, A. Sowers, D. Shillady), Birkhauserer, Boston 1992,497-502 
141 K. Arnold, Handbook: Membranes: Their Structure and Conformation, (Eds.: R. Lipowsky and E. Sackmann) Elsevier, Amsterdam in 
print (1994) 
/5/ E. Neumann, Membrane electroporation and direct gene transfer, Bioelecirochem. Bioenerg. 28 (1992) 247-267 
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-1 
MECHANISTIC STUDY OF ELECTRIC FIELD-MEDIATED DNA UPTAKE BY MAMMALIAN CELLS, AND THE 
SUBSEQUENT EXPRESSION AND INTEGRATION OF DNA INTO THE HOST CHROMOSOME. T.Y. Tsong1*2 and T.D. 
Xie2. lHong Kong Univ. of Sci. & Tech., Clear Water Bay, Kowloon, Hong Kong. *University of Minnesota, St. Paul, MN 55108 USA. 

We have investigated the electric field-mediated uptake and expression of plasmid DNA by E. coli and NM3T3 cells. Presumably, 
electroporation of cell membranes is the cause of DNA transfection of cells. We have found that DNA uptake and DNA expression are 
different chemical events, and for the study of mechanisms of electric field-mediated DNA transfection of cells, only DNA uptake by the 
cells is relevant. Expression and/or integration of the loaded DNA depends more on the property of cells and plasmids than on the method 
for loading. Neumann and coworkers [EMBO J. 1:841-845 (1982)l have reported that the efficiency of elecuouansfection of mouse L- 
cells was much higher for the linear form than for the circular form of DNA. However, with the bacterium E. coli, we have found that 
electroporation-mediated uptake of plasmid DNA did not depend on DNA topology, although the transfection efficiency was much lower 
for the linear (In-) DNA than that for the circular relaxed (cr-) and the supercoiled circular (sc-) DNA. The transfection of W 3 T 3  mouse 
fibroblasts by the plasmids, pRSVCat, pRSV,, and pRSV was used as a model for detailed study. Surface binding before, and cell 
uptake of DNA after, electroporation were monitored by theFH]-labelled plasmids. Transfection efficiency was evaluated by the transient 
expression of antibiotic resistances by these plasmids and the appearance of permanent antibiotic-resistant transformants. Our results 
indicate that all three topological forms of DNA bound to the cell surface with equal affinities. Elecuoporation-mediated cell uptake of the 
three forms of DNA was also identical under a broad range of experimental conditions, including varying [Mg*] and electric parameters. 
However, cr-DNA and sc-DNA were approximately 5 times more efficient than In-DNA in assays for transient and permanent expression. 
These results agree with the data of E. coli but disagree with the work of Neumann et al. These results also point out that 
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electrotransfection involves several steps: 1) the cationdependent cell surface binding of DNA, 2) the electric fielddriven entrance of 
DNA into cells by electrophoresis, 3) the transient expression of the loaded DNA, and 4) the integration into the host chromosome of the 
loaded DNA. We have also found that alternating electric fields too weak to cause electroporation can also stimulate DNA transfection of 
E. coli by as much as 10,000 folds. 
References: Biophys. J. 58:13-19 (1990); 58:897-903 (1990); 63:28-34 (1992); 63:1026-1031 (1992); 65:1684-1689 (1993). 

CAN A MEMBRANE ION PUMP ABSORB FREE ENERGY FROM FLUCTUATING ELECTRIC FIELDS TO PERFORM 
CHEMICAL WORK? T.Y. Tsong1-2, T.D. Xie2, P. Marszalek2 and Y.D. Chen13. lD t. of Biochem., Hong Kong UNv. of Sci. & 
Tech., Clear Water Bay, Kowloon, Hong Kong. 2Univ. of Minn., St. Paul, MN 55108 USA. 9 NIDDKD, NIH, Bethesda, MD 20892 USA. 

Previous analysis of a membrane transport system based on the theory of electroconformational coupling (ECC) has indicated that a 
membrane pump should be able to absorb free energy from randomly fluctuating electric fields to lransport a substrate up its concentration 

diagram methods, and second, an RTF can more realistically mimic the local electric potential of a transmembrane enzyme than can a 
sinusoidal field. Our results indicate that Na,K-ATPase can recognize an electric signal, with high fidelity, for energy coupling, and that 
ECC is a plausible mechanism for cellular transduction of electric signals. 
References: DS Liu et al. J. Biol. Chem. 2& 7260,1990; RD Astumian et al. Roc. Natl. Acad. Sci.. & 434,1987; YD Chen, Roc. Natl. 
Acad. Sci., a, 729,1987; TY Tsong, Biochim. Biophys. A c t a U ,  53,1992. 

-1 
ELECTROCHEMOTHERAPY BY HIGH VOLTAGE ELECTROPORATION PULSES OF TUMOURS AND 
ELECTROTHERAPY BY DIRECT CURRENT IN COMBINATION WITH BLEOMYCIN. D. Miklavcicl, M. Cemazar*2, T. 
Jarm*l and G. luniversity of Ljubljana, Faculty of Electrical and Computer Engineering, 61000 Ljubljana, Slovenia 21nstitute 
of Oncology, 61000 Ljubljana, Slovenia. 

We have repeated previous work of Mir LM ef al. (EJC, 1991; 27: 68-72) of electrochemotherapy and compared the results obtained with 
the combined treatment of electrotherapy by direct current and bleomycin in solid subcutaneous mice tumor (Sersa G el al. Cancer Letters, 
1993; 69: 814). Fibrosarcoma SA-1 murine tumor model was used to assess the interaction between bleomycin and elecuoporation (EP) 
and electrotherapy by direct current (ET). Turnours were grown subcutaneously in the flank of the A/J mice. When tumors reached app. 
3040 mm3 mice were randomly assigned to one of the six experimental groups: i) control; ii) bleomycin (250 pg i.v. in the tail vein); iii) 
EP (1 200V amplitude, 100 ps pulse width, 8 pulses, 1 Hz repetition frequency, delivered via two parallel stainless steel plate electrodes 
leaned against the skin, 8 mm apart, tumor being in-between of them); iv) ET (0.6 mA amplitude, 1 h duration, delivered via Pt-Ir alloy 
needle electrodes, 1.0 mm in diameter, 22 mm long, positioned in parallel subcutaneously on each side of the tumor, 5-10 mm apart from 
tumor edges); v) combined EP and bleomycin, the former started 3 5  to 4 minutes after the later; and vi) combined ET and bleomycin, the 
former started 1 h after the later. Each group consisted of 8-10 animals. The antitumor effectiveness of the bleomycin alone was 
statistically non significant with tumor growth delay being 0.3M.4 days. The electroporation resulted in 1.7fo.9 days growth delay 
whereas the ET by direct current resulted in 6.7k1.3 days. The combined treatment of ET with bleomycin produced a 10.8f1.9 growth 
delay and combined treatment of EP with bleomycin as described resulted in 64% cured animals, and in those animals where tumors did 
not disappeared the induced growth delay was 21.4e.1 days. The results obtained clearly demonstrated the superiority of electroporation 
over the electrotherapy by direct current when both were combined by bleomycin. Bleomycin is an antitumor agent with action on cellular 
DNA, with its penetration ability into the cells limited by plasma membrane. According to the results reported previously high voltage 
electric pulses increase bleomycin uptake by tumor cells (Poddevin B et a1 Biochem Phannacol 1991; 42: S65-S75; Orlowski S et al 
Biochem Pharmacol 1988; 37: 4727-33). The mechanism of the interaction of bleomycin and electric direct current however is not yet 
understood. 
This research was supported by the Ministry of Science and Technology of the Republic of Slovenia. 

p T 7 q  
ELECTROPORATION IN VIVO - A NEW TECHNI UE IN THE TREATMENT OF MALIGNANT BRAIN TUMOURS. L.G. 
Salfordl, A. B m 2 ,  C. Ceberg3, P. Kongstadl, L.M. Mi % and R.B.R. Persson3. Departments of lNeurosurgery, 2Neuropathology and 
3Neurosurgery, Lund University Hospital, Lund, Sweden. 

Electroporation - since long used in virro by geneticists to open the cell membrane for short periods - may prove to be an excellent tool in 
cancer treatment. As has been shown recently by MU and colleagues, electric pulses delivered in vivo can achieve electropemeabilization 
of the cells in a tissue, which allows hydrophilic substances to pass into the cell. In order to explore the possibilities of electroporation in 
brain tumor treatment, we have studied its combination with a cytotoxic drug in a rat model, where both animals without tumors and 
animals with gliomas implanted in one hemisphere were treated. 
Normal Fischer 344 rats were given a series of 8 pulses with electrical field strength 800 - 1200 V/cm (BTX 600 electroporation Unit, San 
Diego, Ca 92109, USA) during 100 p e c  through 2 electrodes placed intracerebrally, 5 mm apart. No adverse clinical effects were 
recorded during the following month. Evans blue was administered to the animals 15 minutes before sacrifice with perfusion-fixation 
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technique. The amount of cerebral edema was studied by an immunohistochemical method at different time intervals after electroporation. 
In a second series of rats, bleomycin 1 m a g  b.w. was given i.v. before electroporation. Also these animals were found to have no adverse 
clinical symptoms during the following month. In a third series of rats, the combined effect of bleomycin and electroporation upon tumour 
growth is studied. 
Fischer 344 rats with rat glioma cells (RG2) implanted in the head of the right caudate nucleus normally have developed a large lethal 
glioma after about 3 weeks. Such rats, however, are now treated with bleomycin given 4 minutes before electroporation (8 pulses, 800 
V/cm), at different time intervals after the implantation of tumor cells and the effect upon survival is studied. Student's paired t-test is used 
for statistical analysis. Bleomycin given as single treatment 1 m a g  b.w. does not prolong the survival of the animals: treated animals 
(#lo) survived 6.711.3 (daysfSD) and controls 6.7k1.8 (daystSD) p-value=l.OOO. 
Treatment with Bleomycin and electroporation already at the 7th day after tumor cell inoculation had no effect upon survival, while this 
treatment on the loth, 1 lth or 12th day after inoculation has shown significant prolongation of survival: treated animals (#11) survived 
10.8k7.3 (daystSD) and untreated controls (#11) 6.ort3.1 (daysSD) p-value ~0.01. 
We conclude that electroporation in combination with the systemic administration of bleomycin has a significant effect upon the survival 
of rats with RG2 gliomas implanted in the brain. The mechanism of electroporation is to allow the cytotoxic drug to penetrate the cell 
membranes and to damage the DNA of the dividing cells which thereby spread their content into the surrounding tissue, where the immune 
response is alerted. The possibility to enhance this effect with immunotherapy such as local delivery of Interleukin 2 is a challenging 
extension of the treatment. 

- 
* 

IH-3-6 I 
THE CYTOSKELETON OF CULTURED CELLS DOES NOT SEEM TO BE AFFECTED BY 50 HZ SINUSOIDAL 
MAGNETIC FIELDS. M.T. Santini*, E. Straface*, W. Malomi* and G. Donelli*. Department of Ulmnuctures, Instituto Superiore di 
Sanita, Wale Regina Elena 299,00161 Rome, Italy. 

We have previously reported that 50 Hz sinusoidal magnetic fields induce changes in the membranes of different cell types. Specifically, 
we have demonstrated using dielectric relaxation studies in the radiofrequency range that these fields (1-10 mT) produce a non-linear 
change in both the membrane conductivity and membrane permittivity of differentiating chick embryo myoblasts in vitro[l]. In addition, 
utilizing scanning electron microscopy, we were also able to observe slight modifications in the cell membrane of the K562 
erythroleukemic cell line induced by these fields (50 Hz sinusoidal, 2.5 mT)[2]. Because these results seem to indicate that the cell 
membrane is a target for extremely low frequency (ELF) magnetic fields and because of the strict interrelationship that exists between the 
plasma membrane and the underlying cytoskeleton of cells, it was the purpose of the present study to determine if direct modifications to 
the cytoskeleton can also be induced by ELF fields. As a result, we have used both fluorescence microscopy as well as scanning electron 
microscopy to study the possible changes in the cytoskeleton of the A431 epidermoid cell line. This particular cell type was chosen 
because of its well-developed cytoskeleton, a characteristic of cells growing in monolayer. The results indicate that when these cells are 
exposed to a 2.5 mT/50 Hz sinusoidal magnetic field for 24 to 48 hours, very small modifications are produced. In fact, fluorescence 
microscopic examination of the F-actin microfilament and microtubule network distribution in A431 cells shows nearly the Same profile as 
controls. These preliminary results indicate that the cytoskeleton of epithelial cells seems not to be affected by ELF fields. 
This study was supported by the CNR-ENEL Project - Interactions of energy systems with human health and environment Rome, Italy. 
References 
[I] Grandolfo, M., Santini, M.T., Vecchia, P., Bonincontro, A., Cametti, C. and Indovina, P.L. (1991) Int. J. Radiat. Biol. 60,877-890. 
[21 Paradisi, S., Donelli, G., Santini, M.T., Straface, E. and Malorni, W. (1993) Bioelectromagnetics 14,247-255. 

1-1 
PARALLEL AC AND DC MAGNETIC FIELDS ALTER THE SOS RESPONSE OF E. COLI. B.R. McLeod, SJ. Rogers1 and PJ. 
Kostedl. Department of Electrical Engineering and lBiochemistry, Montana State University, Bozeman, MT 59715-0378 USA. 

The effect of parallel dc and 60 Hz ac magnetic fields set for the calcium cyclotron resonance conditions on the GE-94 strain of E. coli has 
been studied. The GE-94 strain has a su1A:lacZ fusion which allows the amount of DNA damage to be tracked by the amount of B- 
galactosidase produced. LacZ is the structural gene for the enzyme R-galactosidase which is required by E. coli for the breakdown of 
lactose. SuIA is a gene involved in the DNA SOS repair response and is repressed by the lexA protein. DNA damaging agents induce the 
cleavage of the lexA repressor thereby stimulating the production of &galactosidase. By fusing these genes, the reporter gene responds 
directly to the amount of DNA damage being done by recording the amount of repair by the SOS system. Instead of repair to the DNA by 
the SOS system, the gene produces R-galactosidase which can be measured by a colorimemc assay. 
The GE-94 is placed in an M9 buffer solution in a 150  dilution and pipetted into individual 2 ml eppendorfs, capped, and placed in 
incubators with and without a coil present. Triplicate samples are checked every 30 minutes for cell density at 600 nm in a 
spectrophotometer and then all samples are refrigerated. Using the spectrophotometer data, a growth curve versus time is established for 
both the exposed and control sets of data by averaging the three results from the tubes. The SOS chromotest is performed on the 
refrigerated triplicate samples for each growth point and averaged. 
It appears the growth of the culture grown in the coil is induced by the calcium frequency and the 13-galactosidase production is inhibited 
(see Figure 1). 
These tests are. being run in parallel with the modified Ames tests as reported at the BEMS meeting in June of 1993. It has been suggested 
by McDaniels, et. al. (Environmental and Molecular Mutagenesis 16:204-215 (1990)) that the SOS response test and the Ames test using 
the strain Salmonella typhimuium TAl00 are statistically equivalent. Our purpose is to compare these two tests to determine which is the 
most sensitive to the applied magnetic .fields and to develop a reproducible EMF test. 
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Figure 1. Effect of the 60 E, 40 microtesla ac @eak), 78.4 microTesla dc magnetic fields on the GE-94 strain of E. coli. 

) m j  
EFFECT OF MAGNETIC FIELD EXPOSURE ON THE BEHAVIOR OF GOLDFISH. J. Arkaura*, K. Kmura*, K. Misawa* and 
G. Matsumoto. Hokkaido Institute of Technology, Sapporo 006, Japan. 

Increased use of electrical energy has produced an increase in the number of overhead, high-voltage transmission lines. This increase has 
aroused public concern about electromagnetic fields and subsequently inspired many studies to determine whether there are any harmful 
effects. Fish, particularly goldfish, are often used for behavioral studies since they are easy to handle and the rearing methcd has been well 
established. In 1979, Becker showed that goldfish turn a different direction with the perception of the earth's magnetic field. On the other 
hand, Warker reported in 1986 that a goldfish was not equipped to sense a static magnetic field. These reports seem to contradict each 
other. Our objective is to clarify whether direct exposure to a 50 Hz or a static magnetic field causes any effect on the behavior of 
goldfish. An automatic system was developed to detect the position of a fish in a water tank which was exposed to a magnetic field. This 
system consisted of three parts: infrared emitters (h =930 nm), photodetectors fixed on the water tank (300(W)*5(H)*N(D) m) and a 
microcomputer to analyze the signals obtained. The light-emitting part had 16 LEDs arranged at 20 mm intervals. When a fish blocked 
the light, the output voltage of the blocked photodiodes changed. The data obtained were stored on floppy disk for later analysis of the 
swimming behavior of fish. A magnetic field was generated between two solenoidal coils. A water tank was set in the field to be exposed. 
The data of sham-exposure were obtained by turning off the electric current of the coils. The magnetic fields used in the experiments were 
50 E - 62 mT and DC 150 mT. These magnitudes were the maximum available with our equipment. To study the effect of an AC 
magnetic field on fish activity, the distance swum by goldfish was measured with the automatic system for 24 hours. In the light period, 
the difference in moving distance was clear between the exposed and the shamexposed cases. The field exposure made the distance 
apparently small. To investigate the characteristics of this effect, a fish was shamexposed for 6 days, exposed for 3 days, and then sham- 
exposed for 7 days. The activity of a fish was suppressed when it was exposed to the 50 Hz sinusoidal magnetic field. The difference 
between the preexposed and the postexposed data was statistically significant, with ~ 0 . 0 5  in the t-test. Next, we examined whether the 
depression occurred with a static magnetic field, as well as with an AC magnetic field. Sham-exposed experiments were carried out for 7 
days before and after the exposure. With the exposure, activity increased, which was not observed in the experiment with the AC magnetic 
field. There was also a clear difference ( ~ 0 . 0 5 )  between pre-exposed and exposed cases. However, no significant difference was found 
between the cases before and after the exposure. In these experiments, the activity of goldfish was suppressed with AC magnetic field 
exposure, and this effect remained for a few days after the removal of the field. On the contrary. with a DC magnetic field, the activity 
increased when the field was introduced and the effect disappeared when the field was removed. It is difficult to explain these phenomena 
based on simply the change in melatonin secretion from the pineal cells. It seems that other mechanisms should be taken into 
consideration to analyze the effect on living bodies with many complex functions. 

jmr] 
BRIEF EXPOSURE TO A 60 HZ MAGNETIC FIELD IMPROVES SPATIAL LEARNING AND BLOCKS THE INHIBITORY 
EFFECTS OF ENDOGENOUS OPIOIDS IN DEER MICE. M. Kavaliers*, D.G.L. Innes*, D.I. Kinsella*, L.A.M. Galea*, K-P. 
Ossenkopp* and F.S. Prato. Bioelectromagnetics Western and Neuroscience Programme and Division of Oral Biology, University of 
western Ontario and Lawson Research Institute, Department of Nuclear Medicine & Magnetic Resonance, London, Ontario, Canada N6A 
4L6. 

A variety of biological and physical factors have been proposed to affect spatial learning and memory in animals. In particular, 
endogenous opioid peptides have been implicated in spatial learning tasks, such that opiate antagonists facilitate and agonists impair spatial 
learning. Magnetic fields, which have been shown to affect endogenous opioid activity, have also been suggested to influence spatial 
learning and memory in rodents. The present study examined the effects of endogenous opioid activation and brief exposures to a weak 
(0.1 mT RMS) 60 Hz magnetic field on the spatial performance of reproductive adult male and female deer mice, Peromyscus municulutus. 
Spatial learning of individual mice was examined using the Morris water maze task wherein individual animals have to learn and 
remember the location of a hidden submerged platform using extra-maze visual cues. Over one day of five blocks of four trials, males 
showed both a faster rate and a greater overall level of acquisition (shorter latency to find the hidden platform) of the spatial task than did 
females. Treatment with the enkephalinase inhibitor, SCH 34826, which increases endogenous opioid (enkephalin) activity through the 
inhibition of specific proteolytic enzymes, impaired male spatial performance. The overall level and rate of acquisition of the spatial task 
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of the SCH 34826 treated mice was markedly reduced, compared to that of untreated control mice. Brief (maximum 5 min) exposure to 
60-Hz magnetic fields during the acquisition of the water maze task significantly enhanced the spatial performance of the female deer 
mice, resulting in the elimination of sex differences in water maze performances by the fifth block of trials. Brief exposure of the SCH 
34826 treated males to the 60-Hz fields during the acquisition of the water maze also significantly enhanced their spatial performance, 
blocking the inhibitory effects of endogenous opioid activation such that there were no consistent differences in the water maze 
performance of SCH 34826 treated and control male mice. These observations show that brief exposure to 6O-Hz magnetic fields can 
enhance spatial water maze performance and suggest that these effects may involve mechanisms associated with the inhibition of 
endogenous opioid activity. 

IH-4-31 
CHANGES IN RAT'S ERROR RATES IN A RADIAL ARM MAZE DURING EXPOSURE TO MAGNETIC FIELDS MAY 
HAVE A CHRONOBIOLOGICAL BASIS. R.H. Lovely, J.A. Creim*, R.L. Buschbom*, D.L. Miller and L.E. Anderson. Pacific 
Northwest Laboratory, Richland, WA 99352 USA. 

Over the last three years data from several experiments we have conducted support the hypothesis that rats exposed to specific 
combinations of ac and dc magnetic fields (MFs) would make more, or less, errors in a task that tests for spatial l d n g - - t h e  Radial ARM 
Maze (RAM)--than would their sham-exposed counterparts. The gbiective of our current work was to better understand these changes in 
behavior by evaluating the data from a different analytic framework. Specifically, when evaluating RAM performance (errors made) over 
several days, the most common approach to test for effects on spatial leaming is to analyze the data (daily errors made by each exposed 
and each sham-exposed rat) by a repeated measures analysis of variance. The factors in such an analysis are exposure vs. shamexposure 
as one factor and repeated measures (learning trials) as the second factor. This analytic approach revealed that the observed increase in 
errors in rats exposed to a combination of 0.5 G 60-Hz and 0.27 G dc MFs are replicable. This approach has also revealed that rats 
exposed to a combination of 0.5 G 60-Hz and 0.48 G dc MF's show a sig&icant decrease in errors (4 replications). Nevertheless, the 
magnitude of behavioral change resulting from exposure to either set of combined W s  is not large. Owing to the several replications for 
each of the combined MF studies with identical experimental design and test methods, we now have a sufficient number of observed error 
rates under the different MF conditions that the distribution of these data can be examined on a day-by-day basis to assess goodness of fit 
between rats exposed to MF's and their sham-exposed counterparts. The assessment for goodness of fit was carried out using the Chi 
Square statistic. When the data are evaluated this way, it is immediately apparent that the changes in error rates do not happen every day. 
Rather they occur systematically on the third day of testing in each week of the two week experiment. This suggests to us several obvious 
conclusions. First, the apparent lack of robust effect using the repeated measures analysis of variance was primarily due to combining 
three days of "no effect" with the "third day effect". Second, noting that the major source of variance recurs on the third day of exposure in 
each week of testing suggests that the alterations in error rates may be tied to an infradian rhythm. Third, the fact that differing 
combinations of MFs yielded opposite effects, supports the hypothesis that the three-day recurring pattern is not a systematic artifact. It is 
difficult to imagine how an artifact could systematically increase or decrease errors depending on the specific MF combinations. 
Supported by U.S. Department of Energy under Contract No. DE-ACM-76RLO 1830. 

p z i - j  
IN VIVO STUDIES OF THE EFFECT OF 60 HZ MAGNETIC FIELD EXPOSURE ON THE DEVELOPMENT OF 
NIGROSTRIATAL DOPAMINERGIC NEURAL SYSTEM. N. Hagino*l, G. Setalo*l, E. Dettrich*l, T. Yamaguchi*l, Y. 
Matsumoto*l, I. Matsumoto*l, D. Foster*l and W.D. Winters2. lDepartment of Cellular and Structural Biology and 2Department of 
Microbiology, The University of Texas Health Science Center at San Antonio, San Antonio, TX 78284 USA. 

Our first endeavor was focused to study the development of nigrosuiatal dopaminergic neural system TSDANS). The mitotic activity of 
dopaminergic neurons in the substantia nigra in Sprague Dawley albino rats using autoradiograph of [ Hlthymidine reached a peak on 12 
and 13 days of embryo and declined on day 14. The tyrosine hydroxylase immunopositive neurons (TH neuron) appeared in the substantia 
nigra on 12 days of embryo during the processes of cell differentiation and the axon terminals of TH neurons in the striatum became 
apparent on 18 days of embryo. A prominent development of NSDANS was seen during postnatal development. The dopamine D2 
receptors(DAD2Rs) in the striatum using radioligands were measurable in the striatum during postnatal development. Our next endeavor 
was focused to examine the effect or lack of effect of 500 mG 60-Hz CP magnetic fields (MF) exposure on the development of NSDANS 
in rats. The MF exposure facility consists of two identical exposure units mounted on individual platforms and placed 7.6 m apart in the 
direction of north and south in the same room. Each unit consists of ,2 pairs of identically consnucted Helmholtz coils (1.5 m in diameter) 
attached to rigid fiberglass tubing supports in an orthogonal, and 90 out of phase, configuration. The north-side unit was activated with 
500 mG 60-Hz CP MF continuously, and the south-side unit was not activated. Female and male rats were housed in both units prior to 
pregnancy, and only pregnant rats were housed during gestation and lactation. After completion of these experiments, female and male 
rats were housed in both units in which MF was not activated (less than 0.2 mG) prior to pregnancy, and only pregnant rats were housed in 
same units during gestation and lactation, because the south-side unit demonstrated 0.7 mG 60-Hz stray MF when the north-side unit was 
activated with 500 mG 60-Hz CP MF. Results from ambient MF exposure were used as a control. Either 500 mG 60-Hz CP MF or 0.7 
mG 60-Hz stray MF suppressed the mitotic activity of dopaminergic neurons in the substantia nigra during embryo development and 
caused a delayed development of DAD2Rs in the striatum during postnatal development. From the observations made in these studies, the 
following hypothesis has been proposed that during the processes of brain cell differentiation DNA becomes more susceptible to low 
frequency and low intensity of MF exposure and thus may bring a delayed development of NSDANS. 
(Supported by CRIEPI, Japan) 
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IH-4-51 
EFFECTS OF ELECTROMAGNETIC FIELDS ON NEUROTROPHIN-LIKE ACTIVITY IN DORSAL ROOT GANGLIA AND 
SCIATIC NERVE AFTER CRUSH OR TRANSECTION LESION. B.F. Sisken, J. Walker*, F.M. Longo*, S. Hamilton, J.F. Hyde* 
and R. Stach*. Center for Biomed. Engr. & Dept. Anat. & Neurobiol., Univ. Kentucky, Lexington, KY 40506 USA. Dept. of Neurology, 
UC San Francisco, CA 94143 USA. Div. m o p .  Surg., Univ. of Kentucky, Lexington, KY 40506 USA. Dept. Chemistry, Univ. Mich- 
Flint, Flint, MI 48502 USA. 

We have reported that pulsed electromagnetic fields ( P E m  significantly stimulate (a) the regeneration rate of rat sciatic nerve after crush 
lesion by 22% within the first week of treatment, and (b) functional recovery, walking behavior, by a comparable margin over a period of 6 
weeks (1,2). This earlier recovery has clinical importance. At the cellular level, an increase in production of new Schwann cells has been 
found at the lesion site when PEMF has been administered at appropriate times after injury. The specific objective of this study was to 
investigate the mechanism by which the stimulation occurs. Neurotrophins are growth factors that play a role in nerve growth and 
regeneration. We have investigated neurotrophic content and activity in lesioned nerves and corresponding dorsal root ganglia (DRG) in 
our rat model. The sciatic nerves of adult male rats were either crushed or uansected and then segregated equally into control and treated 
groups. Control animals were restrained for 4 hourdday; treated animals were restrained and exposed to low levels of PEMF (amplitude of 

proximal segments OT distal segments. These initial studies indicate that PEMF does not influence NGF content and neurotrophin-like 
activity in regenerating nerves. 
(1) Sisken BF, M Kanje, G Lundborg and E Herbst. Stimulation of rat nerve regeneration with pulsed electromagnetic fields. Brain 
Research 485:309, 1989. 
(2) Walker, J, JM Evans, P Resig, S Guamieri, P Meade and BF Sisken. Enhancement of functional recovery following crush lesion to the 
rat sciatic nerve by exposure to pulsed electromagnetic fields. In press, Exper. Neurol. 
Supported by NIH NS 29621-02,Ortho@c Research Education Found., NM AG 09873, United Cerebral Palsy and the V.A. 

pZi7T-j 
IN VIVO EFFECTS OF ELF MAGNETIC FIELDS ON RAT HIPPOCAMPAL THETA OSCILLATIONS. K.A. Jenrow, WE. 
Renehan*, X. Zhang* and A.R. Liboff. Henry Ford Hospital, Detroit, MI 48202. USA 

Previous investigations have established that exposure to both ELF (1) and static (2) magnetic fields may affect electrophysiological 
processes in the vertebrate central nervous system (CNS). Several of these effects exhibited a frequency dependence at frequencies 
approximating those hown to exist in discrete CNS oscillators (3). This study was designed to investigate magnetic field coupling to one 
of these oscillatory structures, the (Sprague-Dawley) rat hippocampus, which emits spontaneous theta wave activity. Rats were 
anesthetized using urethane (1.2-1.5 @g) delivered initially by I.P. injection, and subsequently by I.V. injection, and maintained on a 
temperature regulated platform at 37 "C. After exposing the dura, a platinum recording electrode was positioned stereotaxically in the CAI 
region of the hippocampus. The reference electrode was placed in the frontal cortex. The signals were then passed through a differential 
amplifier, high- and low-pass filters, and an analog-todigital converter, before being stored for processing off-line. The rats were axially 
aligned within a Helmholtz coil capable of producing two independent magnetic fields, one alternating and one static. Additional 
orthogonal Helmholtz coils were used to null the remaining static fields. Since the pyramidal cells, responsible for producing the theta 
oscillations in the hippocampus, are arranged in parallel arrays oriented approximately perpendicular to the cranial surface, a precisely 
defined target geometry with respect to the magnetic field is permitted in this preparation. In addition to direct coupling to the hainsic 
oscillatory behavior, magnetic field combinations corresponding to several of the proposed transduction hypotheses have been investigated 
(4). In all cases the magnetic field intensities were less than 1 Gauss. The signal processing initially involved power spectrum analysis, 
where field-on epochs were compared with field-off epochs. Results indicate that a 32 Hz, 209 mG peak AC magnetic field combined 
with a static field of 209 mG produces a disruption of the hippocampal theta activity causing a decay to an alternative and less coherent 
state (termed irregular slow activity in the literature (5)). No gross effects have yet been observed for magnetic field frequencies 
coinciding with those of hippocampal oscillations. We are currently applying nonlinear dynamical analysis techniques to this data to 
enable detection of more subtle effects, while simultaneously shortening the time interval required for data acquisition. 
(1) G. Bell, et. al., Brain Research 570(1-2), 307 (1992). 
(2) J.P. Dobson, et. al.. Advances in Biomagnetism, in press 1993. 
(3) H. Jagadeesh, et. al., Science 257,5069 (1992). 
(4) A.R. Liboff. J. Biol. Physics 13,99 (,1985). 
(5) B.H. Bland, et. al., Brain Research 422,277 (1987). 

EFFECTS OF AC/DC MAGNETIC FIELDS UNDER RESONANT CONDlTIONS FOR THE HYDROYEN ION ON THE NFG- 
INDUCED NEURITE OUTGROWTH IN PC-12 CELLS. M.A. Trillol, A. Ub al, J.P. Blanchard , D.E. and C.F. 
Blackman3. Hospital Ramon y Cajal, Dept. Investigacion, 28034 Madrid, Spain. gechtel Corporation Research & Development 
Department, San Francisco, CA 941 19-3965 USA. 3U.S. Environmental Protection Agency, Research Triangle Park, NC 27711-2055 
USA. 

Nerve growth factor (NGF) induce neurite outgrowth (NO) in PC-12 cells has been previously shown to be inhibited by sinusoidal ELF 
magnetic fields (MF) simultaneously tuned to resonant conditions for magnesium, vanadium and manganese according to an ion 
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parametric resonance (IPR) model (Blanchard and Blackman, 1993). The present study tests the NO response of Pc-12 cells under 
predicted resonance conditions for only a single ion, the hydrogen ion. Three different combinations of AC and DC MF were tested: 
1) The first set of tests examined the NO response in cells exposed to 45-Hz MF with a Bac ranging from 2.9 to 41.1 mG (rms) in the 
presence of DC MF of 29.6 mG, over which we expect a U-shaped response. 
2) As a control, an experiment was conducted to create "off-resonance" conditions for all ions using a 45-Hz MF, 7.9 to 20.5 mG (rms) Bac 
and 19.7 mG Bdc. 
3) Finally, we maintained the Bac and Bdc values described in 2, and tuned the field conditions for resonance of the hydrogen ion by 
changing the AC frequency to 30 Hz. Under the MF conditions 1 and 3, the IPR model predicts a "U-shaped" curve of inhibition of NO as 
a function of the B, values. After a 23-hour incubation and exposure to the MF in the presence of NGF, the NO was analyzed. The 
results showed that the NGF-stimulation of NO in PC-12 cell was affected as predicted under field conditions 1 and 3, but not condition 2. 
The values of NO fit the predictions of the IPR model (Rf=0.85> except for the short range of Bac between 1.5-2.1 mG (rms) which 
according to the model are expected to provoke the maximal response. The apparent lack of response to specific Bac values over this range 
suggests that an additional, perhaps hydrogen specific mechanism could be involved in the response of the system which could lead to a 
reversibility of the field effect on NO. 
Support was received from Fond0 de Investigacion Sanitaria for AT (BAE 93/5126) and for AU (BAE 93/5127). JPB was supported by 
internal funding from Bechtel Corporation's Research and Development Department. CFB was supported in part by Department of 
Energy, Office of Energy Management, IAG# DEAI01-89CE34024. This is the abstract of a proposed presentation and does not 
necessarily reflect EPA policy. 
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SESSION 1-1: WORKSHOP ON THE SAFETY OF MOBILE 
COMMUNICATIONS 

CO-CHAIRS: Niels Kuster and Q. Balzano 

J 

p T r j  
OVERVIEW OF MOBILE AND PERSONAL COMMUNICATIONS. W. Pavlok. Motorola, Libertyville, IL 60048, USA. 

INTRODUCTION TO DOSIMETRY - A MINI-TUTORIAL. A.W. Guy. Bioelectric Consulting, Seattle, WA 98155, USA. 

DOSIMETRY IN A REALISTIC MODEL OF THE HEAD FOR GENERIC TRANSCEIVERS. P.J. Dimbylow. National 
Radiological Protection Board, Chilton, Didcot, Oxon OX1 1 ORQ, U.K. 

This paper presents Finite-Difference Time-Domain (FDTD) calculations of the specific energy absorption rate (SAR) in an anatomically 
realistic model of the head. Computations were performed at 900 MHz and 1.8 GHz for a generic transceiver, ie, a monopole on a metal 
box, closely coupled to the head. The effect of the hand on the energy absorption in the head was also investigated by placing a block of 
tissue around the bottom of the box to simulate a hand grasping the transceiver. A fine resolution, anatomically detailed model of the head 
has been constructed directly from a sagittal MRI scan of a single subject. The MRI data were segmented into 4 million, 1 mm voxels. 
The tissues are muscle, skin, bone, brain, cerebrospinal fluid, air (sinuses) and cartilage. The hypothalamus, pituitary and pineal glands 
were edited in by hand. The original eye was of poor clarity and so has been replaced by an analytical eye of concentric spheres, the 
dimensions taken from ICRP Reference Man. The tissues in the eye are the lens, humour and a composite sclera-humour layer. The 
FDTD calculations are not tractable at 1 mm resolution so the model was rescaled to 490,000 2 mm voxels in the head. 

ELECTROMAGNETIC ABSORPTION IN THE HUMAN HEAD FOR CELLULAR TELEPHONES. O.P. Gandhi, J-Y. Chen and 
D. Wu*. Department of Electrical Engineering, University of Utah, Salt Lake City, UT 841 12 USA. 

We have used both computational and experimental techniques to obtain mass-normalized rates of electromagnetic energy absorption 
(specific absorption rates or SARs) in the human head for ten cellular telephones from four different manufacturers. For numerical 
computations we have used a newly developed high-resolution model of the human body that was obtained from the magnetic resonance 
imaging (MRI) scans of a male volunteer. For this model anatomically based tissue properties were prescribed for each of the subvolumes 
or "cells" of dimensions approximately 2 x 2 x 3 mm or 11.7 milligrams of the tissues. The wellestablished finite-difference timedomain 
technique was used to calculate the electromagnetic fields and SARs for all the regions of the body, with particular emphasis on head, 
neck, shoulders, and the upper torso for cellular phones held tilted, as for normal use, against the ears. Because of the proximity of the 
upper ear to the radiating antenna, most of the electromagnetic absorption occurs for the upper cartilagedominated part of the ear with a 
rapidly diminishing SAR for the nearby tissues in the head. For the tissues in the head, the SARs diminish rapidly to 1 percent of the peak 
SAR values for the upper ear at a depth of 3-5 cm from the side of the head against which the phone is held, and are relatively minuscule 
elsewhere. We have verified the highlights of the numerical calculations by means of a head-shaped experimental model made of tissue- 
equivalent materials simulating the electromagnetic properties (dielectric constant and electrical conductivity) of skull, brain, muscle, eyes, 
and ears developed for use at the cellular telephone frequency of 835 MHz. For this heterogeneous model, the SARs were obtained 
experimentally by measuring the radio frequency electric fields that were created by each of the telephones. The highlights of the results 
are as follows: (1) For a maximum possible antenna power of 600 mW, the power absorbed by the head and neck, depending on the 
telephone and the nature of its antenna, can vary from 23 to 65 mW. The power absorbed by the whole body is not much higher and can 
vary from 33 to 78 mW. (2) The peak SAR averaged over any 1 g of tissue defined as a volume in the shape of a cube occurs for the 
volume involving the upper ear. The peak 1 g SAR is on the order of 0.09 to 0.29 W/kg, depending on the telephone and the nature of its 
antenna. This is considerably smaller than the 1.6 W/kg suggested in the ANSI/JEEE C95.1-1992 safety guidelines. If the 1 g of tissue in 
the form of a cube is all taken to be the inside tissue such as for the brain, the peak 1 g SAR is even smaller. For the various telephones we 
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have found the peak values of the SARs for any 1 g of tissu all in the brain, to be between 0.04 to 0. 17 W/kg. For additional 
calculations we are looking at the effect of altering the antenna configuration and the newer tissue properties obtained by Gabriel et al. on 
the SAR distributions in the head and neck and will report on these results at the workshop. 

II-1-51 
A NUMERICAL ESTIMATE OF SAR LEVELS IN A HETEROGENEOUS MODEL OF THE HEAD DUE TO EXPOSURE BY 
A MOBILE PHONE. A.H.J. Fleming*. Electromagnetic Compatibility Section, Telecom Research Laboratories, Clayton, Vic. 3 168, 
Australia. 

A finite element method has been used to model exposure of the head by a realistic mobile phone operating at 835 MHz. The head model 
is composed of various tissues including brain, CSF, dura, bone, muscle and skin regions. The head is geometrically axisymmevic 
consisting of elements forming hemispheres and hemispheroids, but is modelled in three dimensions being composed of azimuthal 
.segments. The mobile phone is composed of line elements (the antenna), plate elements (various metallic sheets), as well as hexagonal 
elements (hard plastic). The feed point of the antenna is located to the side of the head. The numerical results indicate that a peak SAR 
level of 1.77 W/kg/W is located in skin, muscle and bone tissue adjacent to the ear. This result compares reasonably well to that 
previously obtained in an experimental study using a phantom head model exposed to a mobile phone (1.38 W/kg/w). The levels in brain 

azimuthal mesh density, which at present is coarse. It is considered that since the actual azimuthal fields surrounding the antenna are 
reasonably smooth, this is not affecting the solution to the degree that might be expected. 

11-1-6 I 
HAND-HELD CELL LAR TELEPHONES: SAR DEPOSITION IN PHANTOMS. G.A. Lovisolo*l, L. Raganella*l, s. 
Nocentini*l, F. Bardati Y , A. Gerardino*2 and P. Tognolatti*2. IDepartment of Environment, ENEA Casaccia, 00060 Roma, Italy. 
2Department of Electronic Engineering, Tor Vergata University, 00173 Roma, Italy. 

The use of hand-held portable transceivers has been increasing in recent years: a question often arises is whether people using them might 
be exposed to potentially harmful irradiation and whether biological damage could be produced. This paper investigates the level of 
electromagnetic exposure produced by the use of these devices and the procedures to measure the specific absorption rate in standard 
conditions, Le., a phantom simulating the head. The evaluation of the E field in proximity of the head and the estimation of the power 
absorption in the head from cellular telephones operating in the 900 MHz band were performed. Experiments were performed with 0.6 W 
phones in test mode at maximum power output. SAR value and distribution were measured in a cylindrical phantom (head $=17 cm and 
h=20 cm with neck $ =12 cm and h=12 an) filled by liquid [ 11 brain equivalent material. The thermal power pulse method was used to 
measure SAR value in a specific location within the phantom when a known EM source (a ridged horn applicator) was radiating (890 
MHz, 60 W duration of 45/60 s). The radiated power was then reduced to 0.6 W in order to calibrate a field probe (short dipole) suited for 
low power operation. The electrical permittivity of the phantom was assumed to be known. With the phones positioned both tilted and 
vertically, parallel to the cylinder axis, and by the antenna connected to a spectrum analyser the SAR distribution in the phantom has been 
obtained. The three components of the E-field were measured. SAR patterns in the cylindrical liquid phantom have been obtained by a 3D 
scanning system and a directional antenna. SAR values of about 0.9 W/kg averaged over 100 g and 1.9 W/kg averaged over 10 g have 
been found. Numerical simulations of the interaction between the human body (head) and the hand-held portable telephone require a 
flexible algorithmic tool. The FDTD method was chosen due to its applicability to such problems. For the numerical simulations we have 
considered a dielectric body similar to the phantom used in our measurements. The SAR distribution throughout the cylinder radial 
direction, as obtained by simulation, seems very similar to the one of experiments. It was estimated that 726  of the irradiated power was 
bunt off in the brain. This value is close to values recently found [2]. 
111 G. Hartsgrove, A. Kraszewsky, and A. Surowiec: Simulated Biological Materials for Electromagnetic Radiation Absorption Studies. 
Bioelectromagnetics, vol. 8, pp. 29-36, 1987. 
[2] PJ. Dimbylow: FDTD calculations of the SAR for a dipole closely coupled to the head at 900 MHz and 1.9 GHz. Phys. Med. Biof., 38, 
pp. 361-368, 1993. 

LI-1-7) 
SPECIFIC ABSORPTION RATES WITH TACS AND GSM HAND-HELD MOBILE TELEPHONES. H. Gam*, N. Pisl* and G. 
Neubauer*. Austrian Research Centre Seibersdorf, A-2444 Seibersdorf, Austria. 

Aim of this study was to estimate specific absorption rates (SARs) in the head of an operator of 900 MHz hand-held mobile telephones. 
For the analogue TACS-system, class 4 - equipment having 600 mW ERP transmitter power was considered. For the digital GSM-system, 
class 3 - equipment having 625 mW average transmitter power (5 W peak) was considered. For the TACS, class 4 is the highest power 
class in use as hand-held, though class 3 would also be permitted. For the GSM, class 3 is the highest class permitted as hand-held, but 
lower-power devices are typically used. 
We have measured electric field-strengths in the close vicinity of the transmit antennas of two commercial handies. Maximum values at 
2.5 cm distance from the antenna feedpoint of two TACS radios were 190 V/m rss (root of the sum of the squares), decreasing 
approximately inversely proportional to distance. Measurements were made using an EMCO 7130 isotropic miniature field probe 
(resistively tapered dipoles, element length 4 mm, resistive cable to readout). We have then used Prof. Kuster's published data about SARs 
in homogeneous phantoms. We f i i t  calculated the free-space field-strengths that would have been generated by the half-wave dipoles that 
he used in his experiments. By comparison of these field-strength values to the field-strengths measured at our mobiles we scaled Prof. 
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Kuster's SAR data to our exposure situation. We thus approximately estimated SARs that would occur in a human body near a handy. 
Maximum SAR in the brain was 2.5 Wkg at 2.5 cm distance for a class 3 GSM radio, 4 W/kg for a TACS class 4 radio. Maximum SAR 
in muscle tissue at 2.5 cm distance was 3 W/kg for a class 3 GSM radio, 4.8 W/kg for a class 4 TACS radio. We have furthermore 
determined SAR in the eye and compared our data to numerically calculated values published by Dr. Dimbylow. We found perfect 
coincidence between his and our results: 1.85 W/kg at 2.5 cm distance for a class 3 GSM radio, 3 W/kg for a class 4 TACS radio. All the 
data given above are valid for 2.5 cm distance between antenna and body. For e.g. 1.5 cm distance, SARs would be approximately by a 
factor of 2 higher, following Prof. Kuster's results. Our data have been derived from measurements with only two samples of commercial 
radios. These can be considered representative, but even higher SAR values might occur with some other equipment. 
Based on restrictions of local SAR given in current safety standards, our measurement results of field distribution around the handies 
investigated, and the SAR-values determined it is now easy to specify safety distances. But the application of a restriction for e.g. the eye 
of 0.4 W/kg (USA, Canada), 1 Wkg (IRPA), 2 W/kg or 10 W/kg (e.g. Germany, UX.) brings us to the most critical point in the 
assessment of radiation hazards from mobile radios: The basic criterion for a safety limit is not SAR but the tolerable temperature rise in 
the tissue! Here a reliable limit must be found from physiological considerations. This temperature rise must then be related - under worst 
case conditions - to SAR, that is the preferred quantity in current safety standards. We have therefore also measured the temperature rise in 
homogeneous phantoms of the human eye. This was done for two different kinds of transmit antennas: A resonant dipole and a resonant 
loop. In positions where the coupling between transmit antenna and phantom was maximum, approximately the Same amount of 
temperature rise occurred. We cannot yet correlate our resul for temperature rise to SARs because during initial experiments distances 
antenna - phantom were different and phantom mass was 1 hy. We will shortly repeat the experiment using appropriate parameters. 
Now two technical steps towards judgment upon health risks have been done: We have correlated transmitter power to SAR and 
transmitter power to temperature rise (this part will still need further investigations). But we still should not apply any r$saiction before 
we don't know the tolerable amount of temperature rise in the tissue! Current recommendations range between 0.1 which 
corresponds to a large difference in SAR. Furthermore this resmction will have to be set specifically for each organ and kind of tissue, 
depending on dielectric permittivity, thermal isolation and amount of cooling from blood flow. Before this basic question has not been 
solved, no final judgment about the safety of mobile radios should be given. 

and 1 

1-1 
DEVELOPMENT OF A PHANTOM MODEL FOR STANDARDIZED SAFETY COMPLIANCE TESTS OF MOBILE 
COMMUNICATION. K. Meier and N. Kuster. Electromagnetics Group, Swiss Federal Institute of Technology (ETH). Zurich, 
Switzerland. 

The recently developed laboratory for dosimetric measurements in the close near field of sources enables the performance of safety 
compliance tests of mobile transceivers [Meier and Kuster, BEMS Proceedings, Los Angeles 1993, p.361. The initial phantom which was 
used in the laboratory was an anatomically correct shaped shell phantom filled with a tissue simulating solution. The shell was made of 
fibre glass and had a thickness of approximately 2 mm. The initial test measurements on various cellular phones clearly demonstrated that 
1) under "worst case" conditions and using the homogeneous shell phantom, some devices significantly violate the basic limits of 
ANSIEEE C95.1-1992; 2) the decisive factors which determine maximal absorption are the design of the device and its orientation and 
position with respect to the body and 3) "worst case" spatial peak absorption mostly occurs in the region above and behind the ear. 
Standardized compliance tests require simple setup instructions for the measurement procedure such that the results obtained in different 
laboratories remain consistent. In addition, the tests must ensure that the compliance requirements are met regardless of the size and the 
shape of the user's head and the way the user might hold the device. Since the orientation and position of the device are critical 
parameters, geometrically complex phantoms are hardly suitable for standard phantoms. The objective of this project is to develop a 
geometrically simpler phantom that enables a reliable and accurate "worst case" exposure assessment, Le., the orientation and position of 
the device with respect to the body should depend upon the least number of degrees of freedom, whereas the crucial anatomical properties 
should still be considered. In the fust step, the influence of tissue properties were studied on different complex models. Referring to the 
most recent data [C. Gabriel, personal communication], a synthetic bone material was used to manufacture an anatomically correct shaped 
skull to simulate "in-vivo'' fat-bone tissue. The specific absorption rate was measured. As cross .reference, real bovine brain tissue was 
used. In the second step, simpler test shapes based on handling studies were used. The measurements showed that phantom simplification 
is suitable, and could also be thoroughly validated. We will present the newest data of various cellular systems and discuss the reliability 
of safety compliance tests using phantoms which are highly simplified in comparison to the human head with respect to geometry as well 
as inhomogeneity. 

p T T ]  
EVALUATION OF RADIOFREQUENCY INTERFERENCE WITH MEDICAL DEVICES FROM MOBILE 
COMMUNICATIONS TRANSCEIVERS. H.1 Bassen, P.S. Ruggera*, D.M. Witten* and J.P. Casamento*. Food And Drug 
Administration, Center For Devices and Radiological Health, Rockville, MD, 20852 USA. 

Tests have been performed on several types of electronicallycontrolled medical devices to determine their susceptibility to radiofrequency 
(RF) emissions from a number of common portable and mobile RF transmitters. Many medical device users have reported serious 
malfunctions of critical devices and injuries that were believed to have been caused by RF interference (RFI) from these transceivers. (1) 
Problem reports on electrically powered wheelchairs produced by several manufacturers stated that the devices experienced sudden 
unintended motion due to RFI. A common source of the RFI was nearby emergency vehicle transceivers. We were able to induce 
problems (brake release and changes in wheel rotation speed) in several brands of powered wheelchairs using laboratory exposures with 
field strengths as low as 5 volts per meter (V/m). Interference occurred only at specific frequencies in the 10 to 1OOO M H z  range. Several 
wheelchair manufacturers have redesigned their devices to reduce RF susceptibility. (2) A group of external cardiac defibrillators was 
recalled by one manufacturer after some units failed to function properly near transmitting ambulance transceivers. User reported 
distortion of displayed heart waves due to RFI. (3) Infant apnea monitors from one manufacturer were recalled after many deaths were 
reported for infants being monitored in their homes. The deaths were associated with unexplained failures of these devices to alarm when 
patient breathing ceased. Our laboratory and user-site tests showed that this mode of failure could be induced by RF fields with strengths 
of less than 0.1 V/m. Sources of RFI included FM radio and television broadcast stations and land mobile base stations. We measured 
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. 
emissions from several mobile radio transceivers used in emergency vehicles. Isotropic, isolated field strength meters were placed one 
meter above the ground at open area test sites. Results are presented in the table below. The International Electrotechnical Commission 
(IEC) standard 601-1-2 (1993) specifies that medical devices should be immune to 3 Vlm in the 26-1000 MHZ frequency range. We have 
shown that field strengths that exceed this immunity test level can exist near mobile radiofrequency transceivers. Thus, conformance to 
existing medical device electromagnetic compatibility standards many not prevent interference problems from occumng when these 
devices are used in close proximity to portable or mobile RF transmitters. 

Measured Field Strengths From Mobile Radio Transmitters 

WJ 
EFFECTS OF TDMA-MODULATED HAND-HELD TELEPHONE? ON PACEMAKERS. B. Eicher*l, H. R ser*l. U. Knafl*l. 
F. B. Naegeli*2, M. Deola*2, I, Bab~ ta i*~  and N. KusteP. Swiss Telecom F'T, R+D Dept., Beme. 3Kant. Spital Basel. 
3Klinik Hirslanden, Zurich. 4Swiss Federal Institute of Technology, Zurich, Switzerland. 

Modem digital mobile communications systems in Europe and other countries utilizes the GSM-standard. GSM uses TDMAcoded signal 
transmission (Time Division Multiple Access). Hand-held mobile-phones with 2 Watt RF peak-power and 0.25 Watt average power are 
used in such cellular networks. The RF-output signal is amplitude modulated with high on/off-ratio with a repetition rate of 217 Hz. 
Such amplitude modulations inherently produces higher electromagnetic interference than other modulations when radiating into other 
electronic equipment. As possible victims for perturbations from digital mobile telephones used in close proximity of the human body, 
electro-medical implants and apparatus such as pacemakers and hearing aids have been identified. First investigations on non-implanted 
pacemakers have demonstrated that perturbations may be possible. 
For a safe operation of modem digital mobile telephones, their impact on human health over direct or indirect pathways must be 
imperatively known. 
For our investigations, a two way approach has been chosen: 
- Direct measurements on individuals with implants using GSM-type mobile-phones. 
- Comparative measurements using phantoms and laboratory RF-field generation. 
In the first approach, individuals with pacemakers of different types and Unipolar/bipolar configurations have been chosen. For the entire 
tests, the individuals will be continuously monitored by cardiologists. While the individual is using various hand-held telephones at 
different operating conditions, the electrocardiogram will be continuously monitored. Worst case conditions either for the use of the 
mobile-phones and for the pacemaker programming settings will be investigated. End point for every session is the influence or non- 
influence of the ECG-pattern due to the RF-immission. Care is taken, that the mobile-phones will radiate with mnstant and calibrated RF- 
output at the levels defined by the GSM-system specifications. For this purpose, a separate, fully controllable test cell for the mobile- 
phone is established with a special GSM test insnument. Also, the ambient signals during the experiments will be checked. Much effort 
have been made to avoid every RF-influence on the monitoring ECG equipment itself. At the present time, the RF-environment of the 
experiment is already set-up. 
The second approach will get input from the first experimental set-up and will be started after several test runs on implanted pacemakers 
have been made. This will allow to optimise the placement of the pacemakers inside the tissue simulating material. The function of the 
pacemaker will be monitored using optical signal transmission from the stimulating electrode(s) to avoid distortion of the RF-field due to 
the test equipment. In this set-up, well defined fields will be generated inside an anechoic chamber. The field strength levels can be varied 
until an interference will be observed. Beside the GSM-signals at 900 MHz, the influence of other frequencies and modulation patterns 
from future mobile communication systems can be tested, too. 
The advantage of the two way approach is, that we will be able to give a clear answer, whether implanted pacemakers will be influenced 
from modem digital mobile-phones or not. If there are no influences found, the available safety margin can be determined. In addition, we 
can specify the necessary immunity levels for pacemakers for present and future mobile-phone systems. At the time of the conference, we 
will present results for a great variety of older and new implanted pacemakers in regard of possible perturbations due to the use of digital 
mobile-phones. 

pTiTJ  
INTERFERENCE AND ENERGY DEPOSITION RATES FROM DIGITAL MOBILE PHONES. K.H. Joyner, V. Anderson and 
M.P. Wood. EMC Section, Telecom Research Laboratories, Clayton, Vic. 3168, Australia. 

Telecom Australia, the largest of three public mobile communications service providers in Australia, has undertaken an extensive research 
program into the interference effects of digital mobile phones and evaluations of the specific absorption rates (SAR) in the head of users of 
mobile phones. The interference issues investigated include heating aids, cardiac pacemakers, biomedical electronics, automotive 
computer management systems and domestic electronics. The tests were conducted using either 2 W digital handsets or 8 W digital 
transportable phones operating at full power, or simulated digital transmissions up to an equivalent 25 W. The simulated signal was a 0.6 
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ms pulse at 900 MHz repeated every 4.6 ms. 
Hearing ai& With hearing aids suspended in free space it was found that interference levels 10 dB above the noise floor of the aid were 
generated at separations of between 0.17 m and 18 m from a 2 W digital handset. The behind-the-ear aids had the worst performance 
whilst in-the-ear aids had the best performance. Hearing aids with cases manufactured from metal fibre filled plastics have been trialed 
with interference rejection improved by a factor of 30. The Australian Hearing Services have carried out psycho-acoustic tests on hearing 
aid users and found that the realistic interference radius is approximately 1 m for moderate performing aids and use of the digital phones is 
possible with the latest in-theear aids. In addition, to provide access to the digital network for hearing impaired people, a solution has 
been devised which involves an acoustic coupler and a hands-free attachment. 
Cardiac Pacemakers Preliminary laboratory testing of cardiac pacemakers indicated that interference could occur to rate responsive 
pacemakers at peak field strengths around 80 Vim. However, tests on pacemaker patients have shown that there are no interference effects 
when a simulated digital signal of 25 W peak is generated 20 cm from the chest of the patient. 
Biomedical Electronic Equ iDment - Testing of hospital based biomedical electronic equipment has shown that most equipment will not 
suffer interference when exposed to peak field strengths up to 7 V/m. This produces an interference radius of around 2 m for an 8 W 
digital transportable and 1 m for a 2 W digital mobile handset. Australian hospitals are considering a ban on all mobile transceivers in 
patient critical areas and a ban on the use of mobile phones within 2 m of general biomedical electronic equipment. However, some 
hospital biomedical electronic equipment have immunity levels as low as 1 Vlm and appear to be interfered with by all mobile 
transceivers. There is an effort underway in some major hospitals to identify these particularly sensitive pieces of equipment and improve 
their immunity levels. 
Automobile Computer m e m e  nt S v s t a  . A large number of tests have been conducted on computer management systems in Australian 
made automobiles. The only two effects noticed have been interference into the sound system and blocking of the remote locking systems. 
There were no effects on airbags, automatic braking, or cruise control systems when tested with an 8W digital transportable placed 
anywhere in the vehicles. 
Domestic Electronics Interference radii for domestic electronics is generally around 2 m for an 8 W digital transportable and about 1 rn for 
a 2 W digital handset. The most noticeable effect is a 217 Hz tone on audio outputs. 
Measurement of SAR Levels in the Head The SAR level in the head of a mobile phone user was measured using a phantom skull and 
internal electric field and fibre optic temperature probes. The SAR level varies significantly with the antenna configuration and proximity 
of the antenna to the head. The highest SAR level measured was 0.83 W/kg for a 600 mW transmit power and this occurred in the brain 
with a separation of 0.01 m between the skull and the antenna. 

EVALUATION OF RADIOFREQUENCY FIELDS FROM MOBILE COMMUNICATIONS DEVICES REGULATED BY THE 
UNITED STATES GOVERNMENT AND COMPARISON WITH SAFETY STANDARDS. R.F. Cleveland, Jr. Office of 
Engineering and Technology, Federal Communications Commission, Washington, DC 20554 USA. 

The Federal Communications Commission (FCC) licenses and authorizes telecommunications facilities and devices in the United States 
except those that are operated by the Federal Government. One of the factors considered by the FCC in approving facilities and devices is 
human exposure to potentially hazardous radiofrequency (RF) fields. With respect to mobile communications devices, the FCC authorizes 
transmitters such as two-way "push to talk" radios and cellular telephones. Recently concern has been expressed over exposure to the users 
of such devices. In the past the FCC has relied upon the RF protection guidelines of the American National Standards Institute (ANSI) for 
determining whether a portable communications device would cause potentially harmful human exposure. Since the 1982 ANSI 
guidelines provided for the exclusion of devices operating with output power of seven watts or less, virtually all hand-held radios and 
telephones were previously exempted from routine certification requirements. However, in 1993, the FCC proposed to begin using the 
newly revised guidelines developed by the Institute of Electrical and Electronics Engineers (IEEE 05.1-1991) and adopted by ANSI for 
evaluating RF exposure. These new guidelines incorporate generally stricter criteria for evaluating portable devices in terms of allowable 
specific absorption rates (SAR) and radiated power. This may mean that in the future these devices will be subject to more stringent 
evaluation before an FCC authorization can be granted. For example, evidence of compliance with SAR limits may be required. The 
FCCs regulations and efforts to develop analytic procedures for mobile communications devices will be outlined in this paper. 

BIOEFFECTS OF MOBILE COMMUNICATIONS FIELDS: POSSIBLE MECHANISMS FOR CUMULATIVE DOSE. W.R. 
Adey. Jerry L. Pettis Memorial Veterans' Hospital, Loma Linda, CA 92357 USA. 

11-1-14 I 
EFFECTS OF CONTINUOUS AND PULSED RADIOFREQUENCY RADIATION ON SPONTANEOUS TRANSFORMATION 
AND RNA & DNA REPLICATION. M.L. Swicordl, E.M. Czerskal and C.C. Davis2. lDivision of Life Science, Office of Science and 
Technology, Center for Devices and Radiological Health, Rockville, MD 20857 USA. *Dept. of Electrical Engineering, University of 
Maryland, College Park, MD 20742 USA. 

We have utilized normal human lymphocytes separated from whole blood of healthy donors, and the transformed cell line Daudi, a 
Burkitt's lymphoma, to investigate cell proliferative associated responses from exposure to continuous wave (CW) and pulsed wave (PW) 
radiofrequency (RF) fields. Transformed cell lines were obtained from the American Type Culture Collection. The exposure system 
consisted of a Co;! incubator containing two identical wave guide (WR430) sections for exposed and control samples. All cells were 
exposed in either a single chamber or four chamber slide flask (Lab-Tek, Miles Lab., Mod. No 4804). For observation of alterations in the 
rate of spontaneous uansformation of human lymphocytes, lo6 cellshl in chromosome medium 1A were exposed for 5 days to CW or PW 
2450-MHz radiation beginning at non-heating levels and increasing to 12 W/Kg. The PW exposure involved 1-ps pulses at a repetition 
frequency of 100 to lo00 Hz. In these experiments PW RF caused a significant (Pc.002) increased rate of transformation at non heating 
levels while CW RF did not. For studies of alterations in observed levels of DNA and RNA a FACScan (TM) flow cytometer was utilized. 
Daudi cells were grown in suspension to a concentration of 106 cells/ml. Human lymphocytes were collected periodically during exposure. 
Both cell lines were examined for total RNA and DNA using Acridine Orange staining for simultaneous RNA and DNA fluorescence. 
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This method provided a convenient means of monitoring cell proliferation and differentiation by monitoring the RNA and DNA content of 
the cells. Cells were exposed for one hour and aliquots were taken at one hour intervals after exposure. The preliminary results of this 
study showed as much as a 20% increase of RNA 24 hours after exposure. These studies suggest that PW RF can effect cell proliferation. 

(I-1-151 
EXPOSURE OF NERVE GROWTH FACTOR-TREATED PC12 CELLS TO A RADIO FREQUENCY FIELD: EFFECT ON 
EXPRESSION OF C-FOS AND C-JUN. J.L. Phillips, 0. Ivaschuk*, T. Ishida-Jones*, W. Haggren* and W.R. Adey. Jerry L. Pettis 
Memorial VA Medical Center, Loma Linda, CA 92357 USA. 

We have reported previously that in vitro RFR exposure of long-term glial cell cultures derived from the brains of fetal rats exposed 
transplacentally to the carcinogen, ethyl nitrOSOurea 0, did not alter the expression of three genes (c-sis, tissue plasminogen activator, 
and TGFB) as compared to cells not exposed to RFR (T. Ishida-Jones et al., Fist World Congress on Electricity and Magnetism in Biology 
and Medicine, June, 1992, Orlando, FL). Since changes in the expression of these genes is not an immediate or early event in 
development, we have employed another model, nerve growth factor (NGF)-treated PC12 pheochromocytoma cells, to study the effects of 
RFR exposure on the expression of the immediate early genes, c-fos and c-jun. An NGF-responsive subclone of pC12 cells was cultured ai 

dehydrogenase, which was used as an internal standard. After washing blots under conditions of high stringency, membranes were 
wrapped in plastic and exposed to pre-flashed x-ray film. At the time of this writing, results are being analyzed by densitometry and will 
be presented. 

II-1-161 
ALTERATION OF NEURON-SPECIFIC ENOLASE GENE EXPRESSION INDUCED BY ELECTROMAGNETIC 
RADIATIONS FROM CELLULAR TELEPHONE FREQUENCIES. S.K. Dutta, B. Ghosh* and M. Verma*. Molecular Genetics 
Laboratory, Department of Biology, Howard University, Washington, DC 20059 USA. 

In commercial, social, as well as in academic fields, cellular telephones are used extensively. The frequencies used by these telephones fall 
in the range 835 to 880 MHz. Our laboratory has been working with neurobiological effects of 915-MHz electromagnetic radiations for 
several years. We have recently extended these studies to see neurobiological effects of cellular telephone frequencies 800,835,840,860 
and 880 MHz. Biological parameter used was mRNA levels of neuron-specific enolase (NSE). The selection of NSE gene transcript 
levels used based on the available reports in the literature where they had been used as a diagnostic marker for the neuron and 
neuroendocrine tumors. NG108 neuroblastoma cells were exposed to the mentioned frequencies for 30 min. Results suggest that these 
frequencies enhance the NSE mRNA levels. For different frequencies different levels of enhancement were observed. For example, we 
could observe the hybridized dot even in 1:64 dilution in the exposed sample but in the corresponding control we could see the hybridized 
dot only up to 1:16 dilution. We included internal controls (housekeeping genes B-actin and glyceraldehyde phosphate dehydrogenase 
gene) as well as sham and control. At this point we cannot correlate directly these in vitro studies with the in vivo situation, but this report 
will be the fundamental work for future studies of the mechanism involved in the interaction of cellular telephone frequencies with gene 
expression. 
(Supported partly by MGMS-NIH, and partly by an EPA grant). 

1I-1-171 
837 MHZ DIGITAL CELLULAR TELEPHONE RF FIELDS AND COPROMOTION OF FOCUS FORMATION, IN VITRO. 
C.D. Cain, D.L. Thomas*, L. Jimenez*, R.A. Jones and W.R. Adey. Jerry L. Pettis Memorial Veterans Administration Medical Center, 
Loma Linda, CA 92357 USA. 

In investigating biological mechanisms on how nonionizing electromagnetic (EM) fields may influence carcinogenesis, we have developed 
an in vitro model system that examines the effects of EM field exposures on the communication between C3H/lOT1/2 fibroblasts and their 
daughter mutant cells, W-TDTxlOe, by the measure of focus formation by UV-TDTxlOe cells in coculture with C3H/lOT1/2 fibroblasts. 
We have previously reported that 60 Hz EM field exposures at 1.0 G copromoted with a chemical tumor promoter, 12-0- 
teuadecanoylphorbol-13-acetate (TPA), by increasing focus formation 1.5-2.0 fold compared to focus formation induced by TPA alone 
(Carcinogenesis 14:995-960, 1993). We now report the effects of 837 MHz RF field exposures on TPA-induced focus formation in this 
cell culture system. Co-culture dishes incubated in TEM-mode transmission-line cells (Instruments for Industry, Model CC- 110s) powered 
by a prototype TDMA (timedomain multiple access) transmitter (Motorola Corp) that conforms to the North American digital cellular 
telephone standard. Experiments were conducted at three power densities: 0.037,0.37, and 3.7 mW/cm* given as RMS values. Two TEM 
cells, one sham and one energized TEM cell, were placed in a standard incubator (Napco, model 4300) at 37 "C and 5% Co;! so that any 
differences in focus formation could be solely attributed to RF exposures and not differences in temperature, C@, or other environmental 
conditions that could OCCUT over the course of the protocol, 28 days. To allow gas equilibration, each TEM cell contained a circular vent 
(5.1 cm) covered by a bronze screen. The RF field was applied in a repeating cycle of 20 minutes on, 20 minutes off for the duration of the 
protocol. In cocultures of C3H/lOTI/2 cells and W-TDTx cells, TPA dose dependently induced focus formation at 10.30. and 50 nghnl 
(4-6 dishes per TPA conc.) in 8 consecutive experiments. There was no difference in focus formation in terms of number, area, and 
density of foci as measured by computer-video anal sis and analyzed by two-way ANOVA between shamexposed dishes and those 

of exposed cultures was significantly different from the sham exposed cultures in 3 experiments although the pattern was not consistent 
exposed to power densities of 0.037 and 0.37 mW/cm 1 in 2 and 3 experiments, respectively. However at 3.7 mW/cm2 the focus formation 
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across the 3 experiments. In 2 of the experiments FW field exposure inhibited focus formation by an average of 50% at 50 ng/ml of TPA 
but in a third experiment RF field exposure enhanced focus formation by 40% at 30 ng/ml TPA. It remains to be determined if the power 
density of 3.7 mW/cm2 is close to a threshold that could affect focus formation and act as a copromoter. 
Supported by Motorola Corporation and Department of Energy, Office of Energy Management, Contract No DE-AIO1-90CE35035. 

11-1-18) 
PRELIMINARY STUDIES ON BIOLOGICAL EFFECTS OF MICROWAVES: "IN VNO" EXPERIMENTAL MODELS. C. 
Marino*. Department of Environment, ENEA, Casaccia, 00060 Rome, Italy. 

The exploitation of non-ionising radiations (NIR) has been central to the technological advances of the 20th century, and has resulted in a 
rapid increase in environmental exposure to electromagnetic fields. These trends seem set to continue for the foreseeable future. There 
have been suggestions, initially based on epidemiological studies, that chronic exposure to electromagnetic (EM) fields may result in an 
increased risk of certain types of cancer; other epidemiological studies have reported that several aspects of behaviour and physiology, 
such as eating, sleeping, body temperature and oxygen consumption, show a daily (circadian) rhythm which can be linked to changes in 
circulating hormone levels, and which will persist, often with a longer period. Most recent studies about the exposure of NIR on the levels 
of hormones, including those of stress, seems to indicate that the effects are mediated via the hypothalamus and influenced by the natural 
circadian rhythm of the hormone levels. According with data in literature, previously mentioned, experimental "in vivo" models (in mice) 
to assess the damage on tissues after W/MW exposure have been performed. Physiological parameters have been analysed to describe the 
function and the activity of the liver and of the kidney. Chemical analysis has been used to quantify the concentration of endogenous 
proteins of the liver and the radio-isotopic technique has been adopted to analyse the renal clearance. For this experiment, thermal 
enhancement has been obtained (41 O C  - 44 "C) and the animal temperatures were monitored during exposures. No significant damage 
was observed up to 42 OC, while just a small effect in the liver, was measured at 43 "C. Effects on nervous system connected with the 
endocrinology function will be investigated on a murine experimental model. The eventually changes of the hormones related to 
hypothalamus-hypophysis-ovary system (FSH, LH and LH-FSH-RH concentrations) after local (brain) or whole body irradiation, will be 
measured in the murine serum and in the target cells by radioimmunoassay (short, medium, long follow-up). Experimental tumor model 
has been adopted to look at the proliferation rate in different exposure conditions combined or not with ionising radiation (X-rays). A 
spontaneous, moderately differentiated mammary carcinoma, will be transplanted subcutaneously into the right hind foot of the mouse and 
tumor volume and regrowth latency will be analysed. Data obtained will be compared with those produced after X-rays alone and ELF (50 
Hz). Heating constitutes one of the most important factors in exposure to EM fields, since changes in temperature may have clearly 
detectable effects on processes such as proliferation. Therefore it is essential to maintain good temperature control, so as to ensure that EM 
field exposure does not produce heating and that just the non-thermal effects are detected. Reentrant toroidal cavities, operating at 200- 
950 M H z  have been developed; thus allow irradiation of 8 mice simltaneously in the same conditions, in a selected part of the body and is 
used for the first two experiments. A TEMcell is used to irradiate the whole body of the animals with or without tumor in the third 
experiment. 
L. Raganella et al., (1990) "A new type of RF & MW re-entrant cavity for the study of thermal and nonthermal biological effects", 
Strahlentherapie und Onkologie, 528. 
L. Raganella, et al., (1992) "Deep localized hyperthermia on murine normal tissue: technical treatment data and preliminary biological 
experience", Hyperthermic Oncology, 174. 
C. M h o ,  et al., (1993) "Deep localized hyperthermia: Effects on murine normal tissue". Book abstracts, ESHO '93,033. 
C. Marino, et al., (1993) "Microwaves overheating on murine normal tissue in deep hyperthermia: Preliminary Biological Results", Book 
abstracts, Microwaves in Medicine, 203. 

11-1-19 1 
WHAT MAY BE THE BIOLOGICAL RELEVANCE OF ALTERED EEG-SIGNALS IN MAN INDUCED BY PULSED EM. 
FIELDS? L. von Klitzing. Med. University Luebeck, D-23538 Luebeck, Germany. 

Questions about possible influences of electromagnetic fields (EM) on biological systems arose in the last years by the country-wide 
installation of a new type of wireless telecommunication, whereby a low-frequently pulsed EM-field is emitted. 
The safety guidelines (e.g. IRPA or CENELEC) for non-ionisating energies by EM-fields are calculated only for critical increases of tissue 
temperature by the conversion into Jouleenergy. On the other hand there are some controversial results in the athermic range, such as 
influences on melatonin and calcium metabolism. 
Our researches on encephaloelecmcal signals (Em) of man exposed to low-frequency pulsed EM-fields point to another type of influence 
not explained by a thermodynamic process in tissue: Test persons were exposed to an EM-field of 150 MHz,  pulsed with 217 Hz 
(rectangular, 10 ~ s )  at power density values of lower than 1 pW/cm2 or magnetic flux alterations of 10 nT T). The calculation of 
EEGdata, sampled during and after exposure points to an activation of a small frequency band of around 10 Hz (Alpha-band). The energy 
distribution of this signal is not typical for a 'normal' EEG, especially when a second signal with high energy occurs at 5-6 Hz (Theta- 
band). We found altered EEGs lasting 3 days, in one case for one week. 
Furthermore, the narrow-band signal generated in this way can be increased or decreased by an EM-field pulsed with the same EEG- 
frequency. These data point to a resonance system in the encephaloelectric network, oscillating for a longer time when activated by these 
pulsed EM-fields. 
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[I-1-201 
STRUCTURE OF A COMPREHENSIVE RESEARCH PROGRAM FOR EVALUATION OF POSSIBLE PUBLIC HEALTH 
IMPLICATIONS FROM THE USE OF PORTABLE CELLULAR TELEPHONES. G.L. Carlo*, I.C. Munro* and A.W. Guy. 
Scientific Advisory Group on Cellular Telephone Research, Washington, DC 20036 USA. 

Early in 1993, the cellular telephone industry announced that it would support a comprehensive research and evaluation program for 
portable cellular telephones. A parallel-track program was devised whereby risk evaluation and risk management research could be 
conducted concurrently. The program is based on four operating questions: (1) Is there a public health problem from the use of portable 
cellular telephones?; (2) If yes, what are the characteristics of that public health problem?; (3) What are the appropriate corrective 
interventions to address that public health problem?; and (4) What is the appropriate implementation strategy for those interventions? 
Currently, on the risk evaluation "track", the Scientific Advisory Group (SAG) on Cellular Telephone Research is developing a 
comprehensive research program to determine whether some kind of risk exists from the use of portable cellular telephones, and if so, how 
to characterize that risk. The research agenda includes an evaluation of existing data relevant u, the question of cellular phones and cancer, 
or other health effects. Where applicable, case reports, clinical studies, epidemiological studies, toxicology studies and dosimetry studies 
a e  being reviewed. Data gaps are being identified so that requests for proposals can be issued. Meanwhile, industry Task Forces are 
evaluating possible methods of risk management, including phone design changes, labeling changes, overall system power changes and 
other possibilities. If the risk evaluation track identifies elements of 

review is coordinated through the b a r d  Center for Risk Analysis. Research program results will be made public as they become 
available. 

II- l -Ll  I 
RESEARCH ON BIOLOGICAL EFFECTS OF MICROWAVE ELECTROMAGNETIC FIELDS CARRIED OUT BY GERMAN 
TELEKOM. T. Damboldt*, P. Dombek*, H. Droste*, H. Hollmann* and P. Semm*. University of Zurich, Deutsche Bundespost 
Telekom, 64276 Darmstadt, Germany. 

Telekom as one of the leading European network operators and service providers operates two mobile telephone networks, a 450 MHz 
analogue ("C-Netz") and a 900 M H z  digital GSM ("Dl-Nee") network. The installation of the GSM system in Germany was impeded by 
court orders refusing the permission for the building of the D1-net radio towers or for the operation of the radio equipment. These 
decisions were supported by general public concern claiming either adverse health effects to be caused by the ELF pulsed (217 Hz) 
electromagnetic fields or the prior proof that the inherent emissions are in no case harmful. To cope with this situation Telekom has 
intensified its research program on biological effects of microwave electromagnetic fields. Particular emphasis is given to athermal effects 
of pulsed radiation. At present, research is undertaken and sponsored by Telekom in the following areas: 
1.) Effects of (pulsed) EM fields on the spontaneous activity of nerve cells in buds and insects have been looked for. 
2.) Effects were found in the central nervous system of birds. 
3.) Investigations dealing with the effects of (pulsed) EM fields on the behaviour and the melatonin synthesis of rats showed no alterations 
of both parameters. 
4.) In contrast to the latter, melatonin synthesis of birds appears to be changed by EM fields. 
5.) An attempt to reproduce the welldocumented effects of EM fields of Grundler who observed increased as well as decreased cell 
growth rates depending on the frequency of the EM field were unsuccessful. 
6.) Positive results were obtained by neurophysiological investigations applying the PASP-method (Peripheral Autonomous Surface 
Potential). Using the results of the observations carried out with 20 volunteers, it was shown with statistical significance that some 
vegetative parameters are changed when the test persons are exposed to low-intensity EM fields. 
7.) The effects of (pulsed) EM fields on the human EEG frequently claimed by L. von Klitzing could not be confirmed in a study, 
involving 14 volunteers. 
For all experiments described above, the exposure equipment, was designed and provided by Telekom's Research Center. 

II-1-221 
EXPERIMENTAL STUDIES ON THE POSSIBLE BIOLOGICAL EFFECTS OF CELLULAR TELEPHONES (FUNDED BY 
THE FRENCH TELECOM RESEARCH CENTRE). R. de Sezel, B. Despres2, L. Mirol, J.L. Chagnaud3 and B. Veyret3. lservice 
de Biophysique medicale, University Hospital of Nimes, 30006 Nimes, France. 2CNET, 92131 Issy les Moulineaux, France. 
3Laboratoire PIOM, ENSCPB, University of Bordeaux I, 33405 Talence, France. 

In 1994 the Research Centre of France Telecom (CNET) has launched contracts with two laboratories to study the possible bioeffects of 
cellular telephones. 
I) at the University Hospital in Nimes, the study will be performed from March until December 1994 and will include experiments on 
animals and humans. The human study is still conditional since an authorisation from the French Ministry of Health is awaited. In Nimes 
the main studies will be: 1.1) Effects on the human neuroendocrine system: the level of hy-pothalamo-pituitary hormones in the blood of 
human Volunteers will be assayed, before, during and post exposure to GSM cellular phones (1 month, 6 days/wwk, 2 hours/day); 1.2) 
Effects on the rat nervous system: the level of cerebral neurotransmitters will be assayed on slices of rat brains following in vivo exposure 
(1 month exposure to plane-wave GSM-like signals, 5 days/week. 6 hours/day); 
II) Experiments will be performed in Bordeaux during 1994 on various animal and cell models. Biological samples will be exposed-to 
plane-wave GSM-like microwave (900 MHz, adjustable modulation frequency centred around 217 Hz). 11.1) In vivo, rats injected with 
benzopyrene will be exposed before the appearance of the chemically-induced tumours and the time of appearance and rate of growth of 
the tumours will be assayed. The activity of Natural Killer cells will be measured in the spleen of mice following one or two-week 
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exposures. II.2) In vitro, the proliferation of tumour cells exposed to microwaves will be assayed as well as the activation of mouse spleen 
lymphccytes. 
Considering the lack of knowledge concerning the possible bioeffects of cellular phones, these initial studies will help determine whether 
effects on biological systems can be demonstrated following exposure to fields emitted by these devices. If effects are observed, the 
second phase of the projects will be, in the coming years, to determine whether these effects are hazardous to human health. 

REVIEW OF EPIDEMILOGICAL STUDIES. M. Coleman. Thames Cancer Registry, Sutton, Surrey S M 2  5PY, UK. 

SESSION J-1: CANCER PROMOTION 
CO-CHAIRS: Martino Grandolfo and Larry Anderson 

LJ-I-1J 
THE IMPORTANCE OF DEFINING THE VALUE OF A NEGATIVE CORRELATION BETWEEN ELE5TROMAGNETIC 
FIELD EXPOSURE AND TUMOR INCIDENCE IN ANIMAL STUDIES. C.V. Byusl and W.R. Adey . lDepartment of 
Biochemistry and Division of Biomedical Sciences, University of California, Riverside, CA 92521 USA. 2Jerry L. Pettis Memorial 
Veterans Hospital, Loma Linda, CA 92357 USA. 

There continues to be a great deal of concern by the public, private industry and government agencies regarding the potential link of 
exposure of human beings to low-energy electromagnetic fields and increased cancer risk. The support for the association between 
exposure to low-energy fields and cancer has come from a variety of epidemiological studies. While these studies provide extremely 
valuable information in regard to this potential relationship in a human population, they have been criticized due to the relatively low 
increased cancer risks observed and for their inherent inability to precisely characterize the parameters of field exposure. These limitations 
have given more impetus in recent years to the performance of animal studies in which the potential relationship to electromagnetic field 
exposure and cancer could be studied in a highly-controlled environment. The advantages of animal experimentation in this regard are the 
ability. to control carefully all of the parameters involved in the electromagnetic environment and to carefully quantitate and measure the 
effect of this exposure on a number of cancer/tumor parameters. Currently there are more than 20 ongoing and planned cancer-related 
animal in vivo studies. These studies involve a variety or animal models including skin cancer, leukemia, lymphomas, brain cancer as well 
as liver tumors. The hope of many is that these well-controlled animal experiments will be definitive in nature in regards to determining 
whether exposure to electromagnetic fields presents a health risk in relation to cancer. The major limitation to these animal studies is that 
the significance of negative results has not been carefully discussed in relation to the proper evaluation of the potential risk of exposure to 
electromagnetic fields for the human population. If any of these studies are positive in showing a relationship between field exposure and 
tumorigenesis in animals, a number of conclusions can be drawn in relation to exposure of the general population in terms of increased 
potential risk. On the other hand, if the studies show no effect, does that mean there is no risk of exposure of humans to electromagnetic 
fields in terms of cancer? The difficulty with animal studies of this nature is that none of the studies is capable of detecting an increased 
cancer risk in excess of 1 and between 10 to 15. This would mean an increase of 10% in cancer incidence brought about by field exposure. 
This degree of detectability or power is common for animal tumor experiments in which chemicals are studied for their effect on 
carcinogenesis. By employing extremely high doses of chemicals well beyond what is usually found in the ambient environment 
(sometimes up to 5 orders of magnitude greater), tumor incidences can be accurately determined and the predicted tumor incidence due to 
the low environmental levels can be determined via linear extrapolation in order to determine risk. Such an approach obviates the 
requirement for unmanageably large numbers of animals per experimental group. However, in the case of electromagnetic field exposure 
it is not possible to increase the "dose" to values significantly above what is seen in &he environment. Even if all 20 of the ongoing animal 
studies were negative the power to conclude that electromagnetic fields have no effect upon cancer incidence is not increased. A negative 
study, as described, would only mean that no excess cancer greater than 1 in 10 was observed at the largest field strength and exposure 
times employed. Excess cancer risks by chemicals or radiation in the environment are routinely considered worthy of environmental 
regulation if they cause an excess of one cancer in a million in humans. It is extremely important that detailed discussions of the 
significance of negative results in proposed and ongoing animal cancer studies be performed prior to the conclusion of these investigations 
in order that the results can be properly weighted in the overall picture of risk assessment and management in this extremely important 
area. It appears that continued support of broad-based research efforts in many aspects of electromagnetic field-tissue, field-cell 
interactions, in addition to continued animal experimentation and further supportive epidemiological studies will be required to ultimately 
be able to determine whether or not there is a health risk to environmental electromagnetic fields. 
Work was supported by Department of Energy, Office of Energy Management, Contract DEA1-A101 85CE76260, and a contract from the 
Motorola Corporation. 

IJ-1-2-j 
INTERMITTENT 50 HZ MAGNETIC FIELDS AND PRENEOPLASTIC FOCI IN RAT LIVER. A. RannugL*l, U. Stenius*l, B. 
Holmbergl, T. Ekstrom*l and K.H. Mild2. 1National Institute of Occupational Health, S-171 84 Solna, Sweden. National Institute of 
Occupational Health, S-907 13 Umea, Sweden. 

A rat hepatocarcinogenesis model was used to study possible tumour promoting effects of 50 Hz magnetic fields (MF). Exposure to MF 
was performed in an intermittent fashion, assuming that on/off regimens are more biologically effective than continuously applied MF. 
Focally appearing cells, expressing an altered phenotype, develop at a low frequency in the liver of rats treated with the tumour initiator 
diethyl nitrosoamine (DENA). The experimental protocols were set up in order to investigate whether applied MF enhance the 
development of such preneoplastic cells. In each experiment approximately 40 male Sprague-Dawley rats were subjected to 70% partial 
hepatectomy followed after 24 h by 30 mg DENA/kg/bw, i.p. The initiated animals were then randomly allocated to four different 
treatment groups. Animals in group 1 received no further treatment. Groups 2 and 3 were exposed to MF for 12 weeks starting one week 
after the initiating treatment and animals in group 4 received 500 ppm Phenobarbital (PB) in the drinking water for 12 weeks. The 
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exposure equipments were constructed for the generation of 50 Hz sinusoidally alternating MF with flux densities in the 0.5 FT to 0.5 mT 
range. Animal exposures were performed for 19 - 22 h/day. The switch-on/switch-off of the fields was done automatically and control 
measurements of the flux densities were made once every week. Twice a week the animal cages changed position within the exposure 
equipment according to a rotation scheme. Liver sections were fixed and stained for the detection of loci expressing H-ras proto- 
oncogene, y-glutamyl transpeptidase (GGT) and glutathione S-transferase (GST-p). An image analysing system interfaced to a personal 
computer was used for the histological evaluation. H-ras and GSTp expressing loci but not GGT expressing loci were observed at higher 
incidence in the MF-exposed groups compared to controls, indicating that the on/off regimen has a tumour promoting potential. This is in 
contrast to the result from comparable studies using continuous MF exposures which all have been negative. 
This project was supported by several Swedish organisations and agencies, coordinated by the National Electric Safety Board, project no C 
066902-1 

IJ-1-5 I 
A TRANSPLANT LEUKEMIA MODEL FOR EXAMINING THE CLINICAL PROGRESSION OF LEUKEMIA IN RATS 
EXPOSED TO PHYSICAL, AND CHEMICAL AGENTS. JE. Moms*, L.B. Sasser, C.E. Mitchell* and L.E. Anderson. Battelle, 
Pacific Northwest Laboratories, Richland, WA 99352 USA. 

injected, health of the animal, and effects of chemical and physical agents) were identified that could influence clinical progression (time 
course) of the leukemia. 
In a dose-response study, young male Fischer-344 rats were inoculated with lo8, lo’, lo6, or 16 fresh spleen cells from leukemic rats 
The animals were weighed, evaluated for signs of leukemia, and palpated for splenomegaly twice each week. The incidence of leukemia 
increased and th time of onset of clinical signs was remarkably reduced as the number of cells injected was increased. All of the animals 

more than 85 days after injection. When the animals were killed, other endpoints of interest [spleen weight, white blood cells (WBC), 
%LGL cells in blood and spleen, % packed cell volume (PCV), etc] confirmed this dose-response effect. 
In a series of studies, male Fischer rats (8 weeks old) were acutely or chronically exposed to chemicals (trichlorophenol, benzene, and 
cyclophosphamide) or to whole body irradiated (5 Gy). Rats were inoculated with leukemic spleen cells simultaneous with the chronic 
chemical treatments. The rats were periodically bled and killed at various times after inoculation. During this period splenomegaly was 
apparent in the irradiated animals and in the untreated animals. Changes in other endpoints (white blood cell count, %LGL cells in blood 
and spleen, packed cell volume of peripheral blood, and pathology of spleen and liver) correlated with the splenomegaly. Signs of LGL 
leukemia varied depending on the treatment regime. 
These studies demonstrated that the time course of this disease can be altered or manipulated by judicious selection of the number of cells 
used in the transplant inoculae. The use of a suboptimal number of leukemic spleen cells in the inoculae expands the time between 
injection and disease onset. The time course of the disease is influenced by whole body irradiation and acute or chronic chemical 
exposure. The model appears to be an appropriate one with ample flexibility to examine the influence of magnetic field exposure on the 
clinical progression of leukemia in the laboratory. 
Work supported by EPRI under contract RP 2695-16. 

injected with 10 5 cells had splenomegaly by 35 days, whereas animals injected with lo5 cells did not show signs of splenomegaly until 

)J-1-4] 
CANCER PROMOTION IN A BREAST CANCER MODEL BY EXPOSURE TO A 10 pT; 50 HZ MAGNETIC FIELD. M. 
Mevissen*l, W. Loscher*l, A. Lerch12 and A. Stamm3. lDept. of Pharmacology, F c o l o g y  and Pharmacy, School of Veterinary 
Medicine Hannover. 21nstitute for Reproductive Medicine, University of Munster. Dept. of High Voltage Engineering, Technical 
University, Braunschweig, Germany. 

Evidence from in v i m  studies indicates that MFs (magnetic fields) are unlikely to act as primary carcinogens. Existing evidence from 
experimental studies suggest that weak MFs may affect tumor development in a manner similar to promoters or copromoters. 
The aim of the present study was to determine if an alternating MF of low flux density (10 CLT; 50 Hz) exerts tumor-promoting or co- 
promoting effects in a model of breast cancer in female Sprague Dawley rats. Mammary cancers were induced by intragastral applications 
of the chemical carcinogen 7,12dimethylbenz(a)antene (DMBA). Groups of 99 rats were either shamexposed or MF-exposed at 10 
pT; 50 Hz, 24 Wday, 7 days/week for 13 weeks. Additional groups (n =9) were MF-exposed or shamexposed without administration of 
DMBA. The exposure system consisted of six identical exposure chambers with four square coils each. Furthermore, since reduction in 
pineal melatonin has been implicated as a reason of tumor promotion by electromagnetic fields, determinations of nocturnal melatonin 
levels in serum and pineal gland were performed. The development of mammary tumors was determined by palpation once a week. 
Following termination of the exposure period of 13 weeks, all rats were sacrificed and the number and size of morphologically detectable 
tumors were evaluated. The first neoplasms appeared 6 weeks after the initial DMBA application. At the end of the exposure period, the 
tumor incidence was nearly the same in sham-exposed (62%) and MFexposed (69%) rats treated with the carcinogen. There was a 
tendency to decreased tumor latency during MF-exposure. Examination of tumor size did not indicate differences in tumor burden 
between groups. Rats without DMBA application showed no mammary cancers in both groups. Determinations of serum and pineal 
melatonin levels are under way. From the present study it can be concluded that 50 Hz MF-exposure at low flux density (10 pT) does not 
induce significant tumor promoting or co-promoting effects, at least in a model of chemically induced mammary tumors in rats. 
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immediately after the procedures of cell isolation, attaching cells to glass, and staining, Le. at least 2 h after taking blood. After harvesting 
and washing them with experimental medium, lymphocytes of the T-cell line Jurkat were treated in the same way as freshly isolated cells. 
The experimental runs were performed for up to 25 minutes without breaks. They included pre-run, magnetic field exposure, and positive 
control (concanavalin-A, C o d ,  or anti-CD3 monoclonal antibody, antiCD3). Images were captured every ten or twelve seconds. A 
homogeneous vertical magnetic field (MF) of lo0 pT, 50 Hz, was applied to the cell population (4 to 40 cells/run) in the experimental 
perfusion chamber by use of a pair of coils in Helmholtz confguration mounted above and below the chamber with equal distances to its 
bottom. Cell vitality was checked by incubation with a mixture of ethidiumhomodimer 1 and fura-2/AM (combined highly selective dye- 
exclusion test and esterase activity test) in a fluorescence microscope. As a result, only completely vital cells showed fura-2 fluorescence. 
Accordingly, only vital cells were measured. Immediately after the isolation procedure about 98% of the cells were fully vital, whereas 6 h 
later this portion was reduced to about 50%. The binding of ConA and antiCD3, used for positive controls, was monitored with fluorescent 
dyelabelled derivates of these substances. Both ConA and antiCD3 bound to the cell membranes, but in different patterns. ConA was 
distributed homogeneously whereas antiCD3 showed a spotlike pattern. During 1500 s long observations without any treatment most of 
the cells (more than 90% of 120 cells) exhibited a stable resting [Ca2+]i. But few cells developed small Ca2+-uansients with durations 
between 100 and 500 s, which appeared as single events or repeatedly. A small number of cells (about 5%) showed clearly elevated 
resting [Ca2+]i. This high [Ca2+]i was not necessarily accompanied by fluctuations in the resting concentration. Application of the MF 
(up to 800 s) caused no obvious difference in the behavior of the cells, neither of the freshly isolated cells (n=150) nor of the T-Jurkat cells 
(n=150). If the magnetic field in our experiments has any effect on [Ca2+]i, it is very small and the detection of such an effect would need 
measurement of big cell-populations. 
1. Lindstrom, E. et al. (1993) J. Cell. Physiol. m: 395-398. Supported by Berufsgenossenschaft fur Feinmechanik und Electrotechnik, 
D-50968, Koln, Germany 

lJ-Z-3 I 
ACUTE 60-HZ MAGNETIC FIELD EFFECTS ON Ca2+ (Mn2+) INFLUX IN HUMAN JURKAT T-CELLS: STRICT 
DEPENDENCE ON CELL STATE. J. Walleczek, PL. Killoran and W.R. Adey. Jerry L. Pettis Memorial Veterans Medical Center, 
Loma Linda, CA 92357 USA. 

The interference of electromagnetic fields (EMFs) with early cellular signal transduction events, including with Ca2+ signaling, is a 
reasonable candidate for mediating later-stage EMF effects such as on g ne expression or proliferation in cells of the immune system [I]. 
In order to obtain convincing results with regards to EMF effects on Ca?+-signaling, we investigated whether acute 60-Hz magnetic field 
(MF) effects on Ca2+ influx into human T-cells could be detected under stringent experimental conditions. We have developed a new 
fluorescence technique, which we named differential real-time fluorescence spectrosco y (DRFS). The unique qan tage  of DRFS over 

monitored in real-time in the MF-exposed and the control cell sample, simultaneous ly [21. The experiments were carried out with FURA- 
2-loaded human leukemic Jurkat T-cells as described previously [2]. The exposure conditions were as follows: B,,, = 2 mT, f= 60 Hz 
sine, Emax = 18 pV/cm and t = 120 sec. It was found that the biological state of the cell, as characterized by the pre-exposure initial Ca2+ 
influx rate, is a of the magnitude of the 60-Hz MF effect: No field effects (n= 65) were observed for cell preparations with 
initially high influx rates (>40,0oO photon counts/sec/min or pcs/min). In contrast, Ca2+ influx rates for T-cell preparations with low pre- 
exposure flux rates (<4O,OOO pcs/min) were sigmfkantly increased by 3.52% (n= 88; p = 0.0oOl) after a single 2-min exposure. Further, 
the mean Ca2+ influx rate for cell preparations with even lower pre-exposure flux rates (<30,000 pcs/min) was enhanced even more by the 
60-Hz MF, namely by 5.0% (n= 37; p = 0.004). Previously, we proposed the involvement of radical pair (RP) recombination steps linked 
to cellular signal transduction mechanism as possible primary MF coupling sites in T-cells and other cell types [3-51. We postulated that. 
e.g., cytochrome P-450 or other radicaldependent enzymes might be involved during the initial MF coupling to T-lymphocytes. We 
therefore tested whether the observed 60-Hz MF effect could be modulated by addition of the putative P450 inhibitor econazole (2.5 pM). 
The result was a complete inhibition and even reversal of the field effect; Le., the MF-induced flux rate change in Jurkat T-cells was 
-2.29% (n= 48; p < 0.05). Our results demonstrate that acute 60-Hz MF effects on Ca2+ homeostatis in Jurkat T-cells can be reproducibly 
detected by DRFS within 2 min. The results with the P-450 inhibitor econazole raise the possibility that transient RP or biradical 
generation may be a primary MF coupling site in T e l l s  in accord with the RP mechanism 13-51. Finally, as already shown in an earlier 
study with rat thymic lymphocytes [5 ] ,  our new results with human Jurkat T-lymphocytes illustrate again that the observation of 
stimulatory, inhibitory or no field effects is entirely dependent upon the biological state of the MF-exposed cells. Supported by the Fetzer 
Institute and the US-Department of Energy. 
References: 

[21 Walleczek J. et al (1992) In: "Electricity and Magnetism in Biology and Medicine" Blank, M (ed) San Francisco Press, pp. 303-306. 
[31 Walleczek J. et al(1993) 15* Ann Meet BEMS, Los Angeles (06/13-17), abstr. F-1-3. 
[41 Grundler et al. (1992) Nanuwissenschaeten 79,551-559. 

standard fluorescence methods is that, e.g., the intracellular Ca2+ concentration [C$ D ]i, as well as Ca2+ (Mn +) influx rates, can be 

[l] WalleCzek J. (1992) FASEB J 6,3177-3185. 

[ 5 ] Walleczek J., Budinger TF (1992) FEBS Lett 314,351-355. 

IJ-2-41 
EVIDENCE FOR EFFECTS OF EXOGENOUS ELECTRIC AND MAGNETIC FIELDS ON CALCIUM SIGNALLING 
SYSTEMS IN OSTEOBLAST-LIKE CELLS. R.D. Mullins, B.F. Sisken and J.E. Sisken*. Center for Biomedical Engineering, Dept. 
of Anatomy and Neurobiology and Dept. of Microbiology and Immunology, University of Kentucky, Lexington, KY 40506. USA 

We have investigated the effects of ELF electric and magnetic fields on cultured osteoblast-like cells. McLeod, et. al. reported that such 
cells exhibit spontaneous and transient increases in intracellular calcium concentration (calcium spikes) and that the frequency of 
occurrence of the spikes in a population of cells is affected by exogenous, time-varying electric fields [I]. Using the calcium sensitive 
photoprotein, aequorin, we have observed similar calcium spikes in populations of ROS 17/28 osteoblast-like cells. The physiological 
significance of the calcium spikes is still, however, unknown. Our aims are: 1) to determine the physiological significance of the calcium 
spikes and 2) to characterize the effects of exogenous, time-varying elecmc and magnetic fields on the calcium spiking. The cpv 
spikes we observe are of variable amplitude and duration and, in unstimulated cells, occur with a frequency of approximately 1x10- sec 
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cell-l. The frequency of occurrence of the transients in a population of cells is linearly dependent on the number of cells in the sample. 

z -, 

The distribution of amplitudes of the spikes, however, does not vary with varying number of cells. This is consistent with the idea that the 
calcium spikes are due to calcium changes within single cells or small groups of cells. Using flow cytometry and fluorescence-activated 
cell sorting we have determined that the spiking activity is limited to the most highly aequorin-loaded 20-30% of the cells. We have also 
determined the distribution of aequorin in scrape-loaded populations of osteoblast-like cells and used this to obtain approximate calcium 
concentrations for the spike amplitudes. In this manner we find that the calcium spikes correspond to calcium changes of approximately 5- 
7.5 uM. The calcium spiking is absolutely dependent on extracellular calcium. The inorganic calcium channel blocker nickel affects 
spiking activity in different ways depending upon the length of time the cells are exposed to it. Incubating the cells for 30 minutes with 
nickel, however, significantly decreases the spiking activity in a dose dependent manner and indicates that a nickel-sensitive calcium 
channel is involved in producing calcium spikes. McLeod et. al. [ 11 hypothesized that calcium spiking represents calcium transients that 
occur in single cells during mitosis. To test this hypothesis we blocked cells in S phase with excess thymidine or in mitosis with colcemid 
and then measured calcium spiking activity. We find that calcium spiking is not altered by blocking cells in either S phase or mitosis and, 
therefore, that calcium spiking is not coupled to the cell cycle. We do find, however, that osteoblast calcium spiking activity is 
significantly increased in serum-starved cells relative to nonsmed cells. Furthermore, calcium spiking activity is significantly decreased 
by the activation of protein kinase C. These findings are consistent with the idea that the spontaneous calcium transients are linked to the 
activity of a protein kinase C-sensitive calcium channel. Finally, our preliminary experiments with inductivelycoupled electric field 
stimulation indicate that 16 Hz elecmc fields from 1 mV/cm to 4 mV/cm transiently increase the spiking frequency in the cells and then 
subsequently decrease the spiking frequency for as long as the field remains on. Immediately upon Nning off the field, however, there is 

111. McLeod, KJ., Donahue, H.J., Levin, PEE. and Rubin, C.T. Low frequency sinusoidal electric fields alter calcium fluctuations in 
osteoblast-like cells. in Electromagnetics in Biology and Medicine. C.T. Brighton and S.R. Pollack, eds. .San Francisco Press, San 
Francisco, Calif. pp. 11 1-1 15,1991. 
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IN VITRO EXPOSURE TO A PULSED MAGNETIC FIELD ALTERS CYTOSOLIC FREE CALCIUM IN RAT THYMIC 
LYMPHOCYTES. JJ.L. Carson1D2, J. Sykes*l, and F.S. Prato1-2. lLawson Research Institute and Department of Nuclear Medicine and 
Magnetic Resonance, St. Joseph's Health Centre, London, Ontario, Canada N6A 4L6. *Bioelectromagnetics Western and Department of 
Medical Biophysics, University of Western Ontario, London, Ontario, Canada. 

The effect of in v i m  exposure to a 20 Hz pulsed magnetic field was assessed in rat thymic lymphocytes. Resting and stimulated cytosolic 
free calcium concentration ( [Ca2+]i) was measured using cuvette-based fluorescence spectrophotometry with the calcium sensitive 
fluorescent probe indo-1. Fluorescence was monitored with a modified fluorescence spectrophotometer where the sample was located 
within a Helmholtz coil approximately 1 m away from the xenon lamp, photomultiplier tube, monochromators and electronics. During 
experiments, samples were maintained in suynsion with a mechical nonmagnetic mixer and were kept at 37M.1 "C with a circulating 
bath. During each experiment, 40 min of [Ca +]i data was collected from indo-1-loaded cells during simultaneous exposure to a unipolar 2 
mT 20 Hz square wave with rise and fall times of 0.1 ms. The maximum induced electric field was estimated to be approximately 0.02 
mV/cm. Ten minutes into the exposure 5 or 20 pg/ml of the mitogenic plant lectin concanavalin-A (conA) was added to the sample. Each 
exposed run was accompanied by a sham run, which was similarly prepared and handled except the pulsed magnetic field was not applied. 
[Ca2+]i curves were analyzed with 2 way ANOVA (factors being magnetic field exposure and time). Results of the analysis show that 
there was no effect of exposure in those samples given 5 pg/d conA (p>0.8) and no effect of exposure with time (pS.5, Fig. 1A). 
However, in those samples given 20 pg/ml conA (Fig. 1B) there was a significant effect of magnetic field exposure with time (P<O.OOl). 
Further piecewise analysis demonstrated that rhere was no effect of exposure (p>0.18, p>O.ll) or any interaction between exposure and 
time (p>0.5, p>0.32) during the f is t  and last 10 min of data collection. But analysis of the period from 10 - 30 min (Le the early phase of 
the conA response) showed a significant effect of magnetic field exposure ( ~ 4 . 0 5 )  and a significant effect of magnetic field exposure with 
time (p<O.OOl). These results suggest that the lymphocyte response to the pulsed magnetic field does not occur in resting or weakly 
stimulated cells. It also demonstrates that the response to pulsed magnetic fields occurs soon after the addition of a strongly stimulating 
dose of C o d ,  which may mean that pulsed magnetic fields act on intracellular calcium mobilizing mechanisms. 

A" ¶m.. + 100. 
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15-2-61 
EFFECTS OF 50 HZ MAGNETIC FIELDS ON INTRACELLULAR CALCIUM OSCILLATIONS IN JURKAT CELLS: 
SINGLE-CELL FLUORESCENCE MICROSCOPE IMAGING STUDIES. D.E. Callahanl, R.P. Liburdyl, V.L. Eckert*l, E.E. 
Dunham*l, M.F. Maestre*2, B. P a r ~ i n * ~  and W.E. Johnston*3. 'Bioelectroma netics Research Facility, Dept. Cell & Molecular Biology, 
Life Sciences Division, 2Dept. Subcellular Smcture, Life Sciences Division, $Imaging Technology Group, Information and Computing 
Sciences Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720 USA. 

Oscillations in intracellular free calcium ([Ca+2]i) have been observed in the human leukemic T-cell line Jurkat following application of a 
1 G, 50 Hz sinusoidal magnetic field (MF) in the presence of a colinear 550 mG static MF [l]. We have obtained Jurkat cell from these 

cells. In the study noted above, a photometry microscope system was employed. Thus, only one cell can be monitored per experiment, 
changes in cell morphology cannot be detected, and no information on the distribution of [Ca+']i can be obtained. We have developed 
imaging systems to address these issues. A completely nonmetallic, thermoregulated exposure and perfusion cell chamber has been 
designed for an upright Zeiss Axioskop fluorescence microscope [2]. Vertical AC magnetic fields were generated by a 6 in (15.25 cm) 
square coil frame that rested on the microscope stage and was attached to the cell chamber heating block. The cell chamber was located in 
center of the coil. MF exposures were performed in the absence of any perfusion with a 1 G, 50 Hz sinusoidal vertical AC MF. The 
vertical component of the DC MF was 570 mG. With the coil unenergized, the AC MF was 1.5 mG and the DC MF was 670 mG. Jurkat 
cells were loaded with FURA-ZAM and immobilized on poly-L-lysine coated coverslips. The chamber temperature was 37 OC and ratio 
imaging was performed (100X objective) by acquiring two 128x128 pixel images (0.5 s exposure time) from a cooled CCD camera at 
excitation wavelengths of 345 and 385 nm, respectively. A pair of images were saved every 8 s for 1800 s and each image contained 2 or 3 
cells at a resolution of 0.23 microns per pixel. The AC MF was applied at 600 s and left on for 1200 s. Preliminary results have been 
obtained for 10 cells and [Ca+2]i oscillations were not induced in these cells upon application of the field; however, 20% of the cells were 
undergoing oscillations prior to application of the field. Perfusion experiments (5 ml/hr) in the absence of an applied AC or DC MF were 
performed by starting perfusion at 600 s and perfusing for the duration of the experiment. In the first instance, anti-CD3 monoclonal 
antibody (0.5 u ml) was perfused and 13 cells were monitored. Two cells (15%) responded to anti-CD3 at this concentration with an 
increase in [Ca+q]]i oscillations, 62% demonstrated no [Ca+2]. oscillations and 23% exhibited oscillations prior to injection of anti-CD3. It 
should be noted that in several instances, the onset of [Ca+']i oscillations caused active, irregularly shaped cells to become round and 
immobile, a fact that may have im rtant implications for microdosimetry. When buffer only was perfused through the chamber 22% of 9 

under the laboratory conditions we used, Jurkat cells were not sensitive to applied magnetic fields but did respond to anti-CD3. 
Fluorescence cuvette studies of Jurkat cells in suspensions were conducted simultaneously d in many of our microscope experiments 

rapidly analyze the responses of large numbers of cells at a variety of AC/DC MF field combinations, field strengths, frequencies, and anti- 
CD3 concentrations, we have begun to develop an imaging system that takes advantage of the high performance computing and 
communications resources at LBL. Cooled CCD images (1317x1035 pixels, 2.7 MB per image) containing 75 Jurkat cells at 0.17 micron 
resolution have been obtained, and a dedicated FDDI fiber optic network link that can transfer data at the rate of 3.5 MB/s to the LBL 
computer center has been established. This network link is 25 fold faster than the previous Ethernet link. A computer program has been 
developed that can detect, track, and outline individual cells on a frame by frame basis. This program searches for instances of circular 
geometry (individual cells) in each frame and then refines the cell outline using local shape features for each cell so that the significant 
changes in cell morphology we observe can be monitored and quantified. The significance of the program is that it is highly tolerant to 
noise, shading, and wide variations in contrast because it focuses on high level geometric properties of the cells. Efforts are underway to 
perform calcium ratio image analysis on images containing up to 100 cells at 8-10 s intervals using a high speed network and remote 
compute server. 
[ll E. Lindstrom, et al. (1993) J. Cellular Physlol. 156:395-398. 
[2] D. Callahan, et al. Electricity and Magnetism in Biology and Medicine (Blank, M., Ed.) pp. 328-330 (1993) San Francisco Press, 
San Francisco, CA. 
131 M. Payet, et al. (1991) Cell Calcium 12325-334. 
Support provided in part by the Office of Energy Management, Utilities System Division, the Office of Health and Environmental 
Research, U.S. Department of Energy under contract DE-AC03-765F00098, and the NIH under grants CA53711 (RPL) and A108427 
(MFM). 

investigators and have begun experiments designed to monitor the effects of magnetic fields on both the morphology and [Ca +3 ]y of Jurkat 

cells exhibited spontaneous [Ca +P ]i oscillations, a phenomenon that has previously been reported for variants of this cell line [3]. Thus, 

(see companion abstract) and resting Jurkat cells in suspension do not exhibit increases in [Ca +Y ]i during field exposure. Given our need to 

CHARACTERIZATION OF THE ONSET OF BOMBESIN-INDUCED CALCIUM OSCILLATIONS IN RAT C6 GLIOMA 
CELLS EXPOSED TO A 60 HZ MAGNETIC FIELD. R.B. Stagg*. WJ. Thomas* and W.R. Adey. Jerry L. Pettis Memorial Veterans 
Medical Center, Lorna Linda CA 92357 USA. 

In this series of studies we have used single cell digital image analysis of fura-2 fluorescence to characterize the initial calcium response in 
cells stimulated with the neurotropic factor bombesin. Cells were either exposed or sham exposed to a magnetic field (MF) during the first 
minutes of cell activation. Bombesin stimulation of C6 cells induces large fluctuations of intracellular calcium that form oscillations with 
intervals of 90-240 seconds. The onset of oscillations is concentration dependent and requires the presence of extracellular calcium for 
sustained response. These oscillations in free calcium ions are believed to trigger specific biological responses such as hormone release 
and gene transcription. For our experiments C6 cells were grown on 25 mm round glass cover slips, loaded with fura-2 (5 @I> and 
exposed or sham exposed to MF at room temperature (22-24 "C). Bombesin (1, 10, and 100 nM) was added after collecting a baseline 
[Cali for 1-2 minutes depending on the specific experiment. C6 cells were exposed to a vertical 100 microTesla,, 60 Hz sinusoidal 
magnetic field generated by a 14 cm single coil mounted in an acrylic microscope stage specifically constructed for these experiments. 
Exposure protocols includes MF preexposure then bombesin addition, MF exposure during the initial response to bombesin addition and 
MF exposure beginning after addition of bombesin and establishment of oscillations. At 10 nM bombesin concentration cells responded 
(86%) with an initial population [Cali spike immediately after addition followed by repetitive calcium oscillations several minutes later in a 
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subpopulation of cells (45%). At 1 nM bornbesin responding cells (63%) did not exhibit a population spike but began oscillations (84%) 
with a delayed latency of several minutes. Oscillations in single cells were not synchronized and occur randomly in the microscopic field. 
When MF exposed and sham exposed cells are compared, no differences were observed in the number of responding cells, the number of 
oscillating cells and the number of oscillations during the exposure period. 
This research is sponsored by the Department of Veterans Affairs and the Department of Energy, Office of Energy Management, Contract 
NO. DE-AI01 -9OCE35035. 
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SESSION 5-3: SIGNAL TRANSDUCTION I 

CO-CHAIRS: Jan Walleczek and Robert Liburdy 

IJ-3-1j 
DO ELF MAGNETIC FIELDS INTERACT WITH COMPONENTS OF THE CELL PLASMA MEMBRANE? J. Eberhardt, M. 
Olbe*, M. Sommarin* and B.R. Persson. Department of Radiation physics, Lund University, 221 85 Lund, Sweden. 

ATP to the medium. 
The biological system was exposed to a DC magnetic field of 21 pT combined with low frequency AC magnetic fields in a Helmholtzcoil 
arrangement and Ca-influx was determined with Ca45 as a tracer [2]. 
Active (ATPdependent) Calcium transport was studied under a number of physical and physiological conditions. Of the many field 
combinations investigated, a sinusoidal AC magnetic field with a frequency of 12 Hz and an amplitude of 60 pT (peak-to-peak) 
perpendicular to the static magnetic field, in four separate experiments consistently and with statistical significance raised the activity of 
the Ca-ATPase, in average by 1433%. For the above frequency also the dependence of Ca-ATPase activation as function of the amplitude 
of the AC magnetic field was studied for amplitudes between 30 and 600 pT (peak-to-peak). Only within an amplitude window around 60 
pT calcium uptake was elevated. In similar experiments for the European power-line frequency of 50 Hz, no effects on Ca-ATPase 
activity were observed within an amplitude interval of 30 - 300 pT. 
The present study constitutes evidence for proteins in the cell membrane being a site of interaction with ELF magnetic fields. 
[ I ]  M. Olbe and M. Sommarin. Physiologia Plantarum 83 (1991) 535-543. 
[21 B.R.R. Persson, L.G. Salford, J.L. Eberhardt, M. Lindvall. L. Malmgren 
and M. Sommarin. Nanobiology l(4) (1992) 483490. 

IJ-3-21 
THE ACTION OF 50 HZ MAGNETIC FIELDS UPON THE CAMP-SIGNAL TRANSDUCTION PATHWAY AND THE 
INTERCELLULAR COMMUNICATION IN MONOLAYERS AND SPHEROIDS OF MAMMALIAN CELLS. J. 
Schimmelpfeng, J-C. Stein* and H. Dertinger*. Nuclear Research Centre Karlsruhe, Institute of Toxicology, 76021 Karlsruhe, FR 
Germany. 

Physiological parameters are believed to modulate the response of cells to low frequency electromagnetic fields. In order to investigate the 
influence of cell density and three-dimensional cell contact, mouse fibroblasts (cell-line SV40-3T3) were cultured as monolayers or as 
multicellular spheroids. These aggregates harbour cells in different stages of proliferation and develop radial gradients of metabolites and 
signal molecules along with a three-dimensional pattern of intercellular communication. 
Monolayers or spheroids were exposed for five minutes in the air gap of an electromagnet at 2 mT flux density. At the end of this interval, 
alterations of the cellular second messenger cyclic AMP were quantified by cold extraction and subsequent radioimmune assay. Gap 
junctiondependent intercellular communication was determined from the rate of Lucifer Yellow dye exchange. 
The magnetic field caused a flattening of the radial CAMP-profile in spheroids: In the outer cells, the CAMP-response to the magnetic field 
was equivocal and subjected to considerable scatter. On the average, a net CAMP-increase of 5% over the control value was noted. An 
elevation of cAMP to 141% of the controls was obtained for the inner non-cycling spheroid cells. Since gap junctions are permeable to 
CAMP, the observed flattening of its radial concentration profile could be due to an increase in junctional permeability. In fact we 
observed a stimulation of the intercellular communication b the field to 160% of the control level. A different CAMP-response was seen 

of the controls. In monolayers of lower cell density (100.000 cells per cm2) field exposure resulted in a stimulation of cAMP to 123% of 
the controls in accordance with earlier findings [I]. 
With respect to intercellular communication and radial CAMP-gradient in spheroids, the 50-Hz magnetic field acted in a similar way as low 
concentrations of the anti-cancer drug retinoic acid [2]. Therefore, our findings do not support a possible rumour-promoting action of 
these fields. 
[ l l  Schimmelpfeng, J. and Dertinger, H. (1993): The action of 50-Hz magnetic and electric fields upon proliferation and cyclic AMP 
content of cultured mammalian cells. Bioelecuochem. and Bioenergetics, 30,143-150 
[21 Stein, J.C.; Weibezahn, K.-F. and Derringer, H. (1994): Modulation of intercellular communication by retinoic acid changes CAMP- 
and cell cycle distribution in multicellular spheroids. J. Cancer Res. and Clin. Oncol. (in press) 
Financially supported by the trade co-operative society for elecmcal and precision engineering, Koln, FRG 

in the monolayers: At a cell density of 300.000 cells per cm 3 , which is the level of the outer spheroid cell-layer, cAMP decreased to 88% 
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IJ-3-3 I 
EM - YEAST CELLS INTERACTION: MOLECULAR SIGNAL AS INFORMATION CARRIER. L. Bolognani*, F. Causa*, M. 
Costato and M. Milani*. Biochemistry Laboratory, Modena University, 1-41 100 Modena, Italy. 

The interaction of EM energy in the visible range with biosystems has been studied from experimental and theoretical point of view in 
Saccharomyces cerevisiue yeast cells, where the release of a memory-carrying supernatant molecular signal and its interaction with low 
intensity low frequency electromagnetic fields (L2EMF) has been investigated. 
The effect of interaction was studied in yeast sucrose fermentative activity and was monitored measuring (manometric Hayduck system) 
the total C02 production in a 30 min interval at 36 "C in irradiated and control samples (six measurements per experimental point). 
Samples of 4 ml of the cellular yeast suspension (2 mg/l) where obtained from a solution made of 1 g of sucrose (5.8 mol/l) dissolved 
in 50 ml of phosphate buffer (pH 7.0) where 100 mg of yeast were suspended. Irradiation was obtained by continuous wave laser beams 
(HeNe 632 nm and InGaAsP 670 nm) which could be made partially incoherent. The delivered power reaching the front surface of the 
sample cuvette ranged from 0.25 to 2.0 mW for different irradiation times (5-90 min). The supernatant (2 ml) obtained from the irradiated 
yeast cell suspension (13 OOO g centrifugation) was added to an identical b t non irradiated yeast suspension (4 ml), and again (2% 

shape) to study the possible consequences on its fermentative activity. All experiments, except fermentation, were carried at 22 OC. 
Controls were kept in dark. 
Results show an enhancement (>20%) of C02 production at 632 nm with a window bell-shaped behaviour as a function of the delivered 
energy (2-8 J). Coherence does not seem to be the relevant factor. No effect was found for the 670 nm radiation. The fermentative 
activity vs. control of non irradiated samples to which the supematant was added is increasing of the same order of magnitude as if yeast 
cells had underg ne actual 632 nm irradiation. The supematant observed properties were found to survive for times longer than 30 min 

The fermentative activity involves redox-ATP coupled activity which is an enzymatic activated process occurring typically at the inner 
cellular membrane-cytoplasm region, and the 632 nm irradiation is understood to enhance the enzymatic activity (with a non-linear 
dependence on the delivered energy) in agreement with literature. The release of a molecular soluble factor supports the hypothesis that 
intercellular communication takes place into the biosystem that is able to switch between two states (zero and one). This communication 
network is protected against unwanted interference from external electromagnetic signal as can be seen by the disappearance of any effect 
of irradiation (upper limit of the bell shaped behaviour). A theoretical approach is in agreement with experimental results, that is based on 
a nonlinear dissipative description of the ATPase enzyme activity in cellular systems. 

production was measured vs. control. The supernatant was also exposed to L Y EMF (Helmholtz coils, 20 gauss, 80 Hz, Igea Wizer wave 

and for applied L s EMF. Experimental errors are in general in the range of 5%. 

p3Z-j 
THEORETICAL MODELING OF INTRACELLULAR CALCIUM-SIGNALING PATHWAYS UNDER THE INFLUENCE OF 
EXTERNAL ELECTRIC AND MAGNETIC FIELDS. C.F. Eichwald and F. Kaiser. Institute of Applied Physics - Nonlinear 
Dynamics, Technical University of Darmstadt, D 64289 Darmstadt, Germany. 

The study of non-thermal interactions of external electric and magnetic fields in the extremely-low-frequency (ELF) range with cellular 
systems has revealed many new insights within the last years[l]. The results of investigations with cells of the immune system. in 
particular T-lymphocytes, suggest that the external field interacts with the biological system at the level of intracellular calcium-signaling 
pathways[21. Based on these fiidings a theoretical concept is presented that includes detailed descriptions of specific cellular signal 
transduction pathways in connection with the calcium metabolism of the cell[3]. The model incorporates microscopic derivations of (i) the 
signal pathway between the activated receptors at the plasma membrane and the production of the second messenger inositol(l,4,5)- 
nisphosphate in the cell (this pathway operates via the activation of specific G-proteins), and (ii) the signal pathway that operates between 
the intracellular calcium stores and external calcium influx through the plasma membrane. Both components have been considered to be 
involved in interactions with external electric and magnetic fields [1,2,4,5]. The modeling approach makes possible to take into account 
the influence of external modulations on the signal pathways discussed above. These processes lead to changes in the calcium balance of 
the cell. Depending on the combination of some cell-specific parameters that are connected with the individual calcium fluxes and the 
physical parameters (field frequency and amplitude) different kinds of behavior of the cellular system are observed[3]. The changes in the 
calcium balance of the cell are investigated under the influence of periodic modulations and in the presence of noise. As a concrete 
coupling mechanism the influence of the magnetic field component on the recombination process of a spin-correlated radical pair is 
considered (radical-Dair-mechan ism). Recently it has been suggested that this process could account for the field effects found in 
lymphocytes[5]. In this cell type the radical-pair-mechanism could be connected with the reaction scheme of a cytochrome P450 enzyme 
in combination with the signaling pathway that operates between the intracellular calcium stores and external calcium influx into the 
ce11[51. A simple model that describes the radical. pair recombination process on the cytochrome P450 enzymes is presented. An external 
magnetic field exerts an influence on the kinetics of the recombination process. The model has been included into the general concept of 
calcium signaling pathways discussed above. In this way a conclusive concept is established that makes possible the formulation of a 
consistent overall description of the cellular events that are connected with the calcium metabolism of the cell including non-thermal 
interactions with external fields. This ConceDt is in aneement with the bioDhvsical consmints (thermal motion etC.) 
[l] Grundler, W., Kaiser, F., Keilmann, F., Walleczei, J. (1992) Naturwissexkhaften 79,551-559. 

[3] Eichwald, C., Kaiser, F. (1993) Biophys. J. 65,2047-2058. Eichwald, C., Kaiser, F., submitted to Bioelectromagnetics. 
[4] Luben, R.A. (1991) Health Phvs. 61, 15-28. 
[5] Walleczek, J., Budinger, T.F. (1992) FEBS LetL 314,351-355. Walleczek, J., Miller, P.L., Tosk, J.M., Adey. W.R. (1993), 15* Ann 
Meet BEMS, Los Angeles (06/13-17), abstract F-1-3. 

[2] Wallecxk, J. (1992) FASEB L 6,3177-3185. 
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r j  
CD45 PHOSPHATASE ACTIVITY IN JURKAT CELLS IS NECESSARY FOR INTRACELLULAR CALCIUM INCREASE 
SEEN AS A RESPONSE TO AN APPLIED MF. E. Lindstroml, A. Berglund2, K.H. Mild2, P. Lindstrom3* and E. Lundgrenl*- IDept. 
Cell & Mol. Biol., Umea University, S-901 87 Umea, Sweden. 2National Institute of Occupational Health, Umea, Sweden. 2Dept. 
Histology and Cell Biology, Umea University, Sweden. 

Measurement of intracellular calcium concentrations ([Ca2+]i) is a useful method to detect early effects of low frequency magnetic fields 
@@). A rapid response, seen as an increase (u to ten times of basal concentration levels), were observed when in the human leukemic 
cell line Jurkat were ex sed to 50 Hz, 100 pT1? The MF effect has further been characterised between 5-100 Hz, 100 pT and for 50 Hz 
25-200 pT and the [C&i increase was found to be maximal for 50 Hz, 100 pT2). Measurements of [Ca2+]i in different mutant clones 0; 
Jurkat, shows that the response to MF (100 pT, 50 Hz) is lost, in clones deficient of CD45 phosphatase activity. The major phosphatase in 
lymphocytes is the CD45 molecule, a 200 kD transmembrane molecule, present on all hematopoietic cells. The phosphatase activity is 
located at the cytoplasmic tail of the protein. Jurkat cells lacking CD45, does not respond upon MF stimulation. However the response 
can be restored in mutant cells with reconstituted phosphatase activity. We propose that the targets in Jurkat cells for MF are the 
phosphatase 045, or molecules involved in the T-cell receptor signalling complex. 
1) Lindsaom et al. J. Cell. Physiol. 156:395-398 (1993). 
2) Lindstrom et al. Poster presentation BEMS 1993, manuscript submitted Bioelectromagnetics. 

ENSCPB, Universite Bordeaux I, 33405 Tala&? Cedex: FrGce. 2i)ivision of Life Sciences, Radiation Biology Branch, CDRH, FDA, 
Rochille, MD 20857 USA. 

The effects of square-wave magnetic fields on the calcium level in Concanavalin A activated rat spleen lymphocytes were investigated 
using flow cytometric measurements of Rue-3 fluorescence. Experiments were performed in two laboratories, in Rockville, USA and in 
Bordeaux, France. 
Exposure to 5-mT, 0.8-Hz magnetic fields led to an increase in calcium in lymphocytes in the presence of 5-10 pg/ml Con A over 30 mn at 
37 OC. This siflicant increase of the calcium signal of up to 20% was observed during exposure. 
In order to assess the efficacy of temperature control and the intrinsic variability between samples, control experiments were performed 
with samples placed in the two solenoids, neither of which being energized. The largest difference between samples was 5% (statistically 
non significant). 
Changes in intensity of the field from 5 to 0.1 mT or in frequency from 0.8 to 16 Hz led to the disappearance of the effect. Exposure of the 
cells to an increased induced electric current brought no further change in the effect. Experiments performed with older animals (7-10 
weeks rather than 5 weeks old) resulted in a decrease or postponed effect. 
Cod-activated lymphocytes undergo calcium oscillations due to an equilibrium between calcium release and influx: what is the role of the 
calcium oscillations in the effect of exposure to the magnetic field? Further experiments using flow cytometry will tell more about the 
mechanisms of this phenomenon. 

IJ-3-71 
IMMEDIATE EFFECT OF LOW FREQUENCY MAGNETIC FIELD (50 HZ) ON SIGNAL TRANSDUCTION IN T- 
LYMPHOCYTES IN VZTRO. I. Korzh-Sleptsova*l, E. Lindstroml, K.H. Mild2 and E. Lundgren*l. 
Molecular Biology, University of Umea, S-90187. 2National Institute of Occupational Health, S-90713. Umea, Sweden. 

Department of Cell and 

Ca++ plays a role in the signalling in the leukemic T-cell line Jurkat. Magnetic field (MF) poduce~ very rapid effects on the intracellular 
Ca* (Lindstrom et al 1993). To study the molecular mechanisms involved, we have measured inositol-l,4,5-phosphate (InsP3), which is 
an important regulator of intracellular Ca++. For that reason we used the method of determination of InsP3 based on the competition 
between labelled and unlabelled InsP3 for the binding sites (Amersham). 
It was shown in a number of reproducible experiments that a treatment with MF (50 Hz, 100 pT) of cells in vitro leads to increase of 
intracellular h P 3  with a peak after 2 min. MF induced increase of Insp3 is more intensive than that induced by anti-CD3 monoclonal 
antibody (Mab) at time point 6 min. In control experiments using ionomycin and the Ca++ chelator BAPTA/AM we show that the target 
for the effect of MF on the level of InsP3 must be located upstream of phospholipase C. 
In a second part of our study, using method for determination of phosphorylation of specific tyrosine residues by western immunoblot, we 
have shown that MF increases the amount of tyrosine phosphorylated proteins, specifically within 30-33 KDa range. 
Taken together these results leads to the conclusion that MF (50 Hz, 100 pT) causes immediate within minutes effect on the level of InsP3 
and tyrosine phosphorylation in the Jurkat T-lymphocytes in vitro. 
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SESSION 5-4: TERATOLOGY AND TOXICITY 
CO-CHAIRS: Jocelyne Leal andMary Ellen OConnor 

15-4-11 
THE GENETIC EFFECTS OF MAGNETIC FIELDS USING THE TWO SYSTEMS OF SOMATIC MUTATION DETECTION 
IN DROSOPHILA MELANOGASTER. I. Yoshikawal, M. Iwasaka2 and S. Ueno2. lNagasaki University School of Medicine. 2Kyushu 
University, Fukuoka 812, Japan. 

To ascertain possible genetic effects of magnetic fields, somatic reversion at the white locus and somatic recombination of mwh andfry 
genes in D. melanogarter were quantitative1 examined after larval exposure during 8 hours with static magnetic field (8 T) or sinusoidal 

genetically combined so as to detected mosaic spots on eye facets and on wing blades in single individuals. The reverse eye color mutation 
from white-ivory (w') to wild type (w+) is associated with the loss of 2.9-kilobase DNA fragment duplicated in the white locus on the X 
chromosome. The formation of mutant spot on the wing blades results from recombination at wing anlage cells in larvae trans- 
heterozygous for the mutations multiple wing hairs (mwh) andjlare cflr) on the 3rd chromosome. 
The static magnetic fields with 8 T were effective in producing the eye spots caused by intragenic mutation and the wing hair spots 
resulting from somatic recombination. The frequencies of the exposure groups are 1.7 tim s for the eye spots and 1.4 times for wing hair 

somatic spots. 

magnetic field of varying time (3.3 x 10- 1 T). We have developed a mutation assay system in which both types of mutations are 

spots compared to control groups. However, the sinusoidal magnetic fields with 3.3 x 10- s T are not more efficient for induction of both 

15-4-21 
EFFECTS OF LOW FREQUENCY MAGNETIC FIELDS ON PREGNANCY IN CBA MICE. J. Juiitilainenl, H. Huuskonen2 and 
H. Komulainen2. IDepartment of Environmental Sciences, University of Kuopio, FIN-7021 1 Kuopio, Finland. *National Public Health 
Institute, FIN-70701 Kuopio, Finland. 

In most studies, no or only slight effects on fetal development have been observed in mammals exposed to low frequency magnetic fields 
(1). In a series of experiments with CBAIS mice, however, Frolen et al. (2) observed a consistent and highly significant increase 
(doubling) of placental resorptions when the animals were exposed to 20-kH2 magnetic fields with sawtooth waveform. The present study 
attempted to replicate the results of the Frolen study, and to investigate the effects of 50-Hz sinusoidal fields on fetal development in CBA 
mice. In the first experiments, pregnant females of the strain CBA/CA (from B&K Universal Ltd., North Humperside, England) were 
exposed continuously to 50-Hz sinusoidal or 20-kHz sawtooth magnetic fields until necropsied on day 18 of pregnancy. At 20 kHz, 53 
dams were exposed to a magnetic field strength of 12 A/m peak to peak (flux density 15 pT). At 50 Hz, 54 animals were exposed to 10 
A/m (12.6) rms, and 41 sham-exposed animals served as controls. In another experiment with 50-Hz, lOO-A/m fields, 31 exposed and 34 
control mice were used. No increase in resorptions, fetal deaths, soft tissue malformations or any other endpoint were found. The 
skeletons have not yet been analyzed. To investigate whether the difference of the results from those of Frolen et al. (2) was due to strain 
differences, further experiments were carried out using CBAIS mice obtained from Frolen's laboratory. Fourty-four pregnant CBAIS 
females were exposed to the 20-kHz fields and 42 animals were used as controls. A non-significant increase of placental resorptions was 
observed in the exposed mice. The group size was large enough to detect, at a probability of 0.95, a significant (pc0.05) difference equal 
to that observed by Frolen et al. High resorption level in controls, however, may have prevented us from detecting the possible difference. 
For unknown reasons, the number of resorptions in the control group (about 0.9/litter), was high compared to that of Frolen et al. (about 
OA5Aitter). The results suggest that the fields used do not affect pregnancy in CBA/CA mice. Slightly increased resorptions in CBA/S 
mice Cannot be excluded. 
1. Juutilainen J: Effects of low-frequency magnetic fields on embryonic development and pregnancy (review). Scand J Work Environ 

2. Frolen H, Svedenstal B-M, Paulsson L-E Effects of pulsed magnetic fields on the developing mouse embryo. Bioelectromagnetics 

This work was supported by the Swedish Work Environment Fund. 

Health 171149-158,1991. 

141197-204, 1993. 

IJ-4-3) 
DEVELOPMENT OF T R I B O L m  BEETLES FOLLOWING EMBRYONIC EXPOSURE TO STRONG STATIC MAGNETIC 
FIELDS IN COMBINATION WITH PHYSICAL AND CHEMICAL STRESSORS. T.S. Tenfordel, L.M. and T.C. 
Yang*2. lPacific Northwest Laboratory, Richland, WA 99342 USA. 2Lawence Berkeley Laboratory, Berkeley, CA 94720 USA. 

The flour beetle Tribolium corfurum undergoes a series of developmental transitions from the egg through the larval, pupal, and adult 
stages that are sensitive to damage imposed by physical and chemical agents. A number of previous studies have demonstrated that the 
effects of stressors such as ionizing radiation can be assayed by scoring the mortality and physical deformities of Tribolium beetles at 
various developmental stages. In the present study, the hatchability of Tribolium eggs was used as an endpoint for assessing the effects of 
static magnetic fields on beetle development, either alone or in combination with various physical and chemical agents. Three series of 
experiments were conducted to analyze developmental failures in Tribolium eggs exposed to elevated temperatures, a high ambient oxygen 
concentration, and X-rays in the presence and absence of static magnetic fields. Previous reports have indicated that exposure to static 
magnetic fields influences the manifestation of damage by these agents during the late developmental stages in Tribolium beetles. In the 
first series of experiments, eggs were exposed to a 1.6-tesla uniform magnetic field for periods of 3 to 4 days at temperatures of 23.6 and 
36.5 OC. The hatchability of Triboliwn eggs was 20% lower when maintained at the higher temperature for 4 days, and this difference was 
not influenced significantly by application of a 1.6-tesla static magnetic field. In the second series of experiments, the effects on Tribolium 
egg hatchability of a 100% oxygen gas environment at 30 OC was studied in the presence and absence of a uniform 2.15-tesla static 
magnetic field and a strong magnetic field gradient (Bav = 1 .O tesla, dB/dr = 20 teslmeter). The high oxygen concenaation was toxic to 
beetle eggs, reducing their hatchability after 4 days of exposure to approximately 20% of the value observed for eggs maintained in air for 
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the same period of time. However, neither the uniform magnetic field or the strong magnetic field gradient influenced the extent of 
toxicity of the 100% oxygen gas environment. In the third series of experiments, Tribolium eggs were exposed to graded doses of 225- 
kVp X rays, which produced an exponential decrease in survival that was measured over the range of absorbed doses from 1 to 10 Gray. 
The presence during and after irradiation of a 0.4-tesla static magnetic field produced by a pair of samariumcobalt permanent magnets had 
no effect on hatchability of the irradiated eggs. The results of these experiments indicate that strong static magnetic fields have no 
mfluence on the developmental effects in Tribolium eggs resulting from exposure to elevated temperature, oxidative stress, or ionizing 
radiation. 
Research supported by the US. Department of Energy under Contract DE-AC06-76RLO 1830 with the Pacific Northwest Laboratory 
(operated by the Battelle Memorial Institute) and Contract DE-AC03-76SF00098 with the Lawrence Berkeley Laboratory (operated by the 
University of California). 

15-4-41 
THE INFLUENCE OF 50 HZ MAGNETIC FIELD ON REPRODUCTIVE ABILITY OF RATS. B. Lazeticl and N. klcaric-Nadj. 
IMedical Faculty, D e m e n t  of Physiology and Faculty of Technical Sciences, University of Novi Sad, Vojvodina, Yugoslavia. 

The aim of this wozk 

animals became sexually mature. Animals were monitored during this period. A slightly increased number of deaths was observed in the 
experimental group during the first weeks of postnatal development, what may be considered as the effect of field (p<O,O5). Body weights 
of the animals were taken at the end of each week. A slight difference in body weights was observed in favor of the experimental group. 
Judged by bare eye, exposed animals were sleepy and less lively than the animals from the control group, so that the difference in body 
weights may be the result of that fact. 
After this period young animals were allowed to bring offspring. The number of new born animals was 6.7 per mother in the experimental 
group and was significantly different (pc0,Ol) from the number of new born animals in the control group, 10.2 per mother. In the same 
time body weights of the new born animals were slightly (p<0,05) increased in the experimental group. 
From the results of this experiment it appeared that the exposed animals became sleepy and lass lively. Probably as a consequence of that 
their body weights were increased. It seems that their reproductive abilities were affected by the field, so that the number of the new born 
animals was reduced. Probably due to the smaller number of animals per mother body weights of these animals were increased. 

15-4-51 
EVIDENCE FOR GENOTOXIC EFFECTS OF RESONANT ELF MAGNETIC FIELDS. S. Tofanil and L. Anglesiol, A. Ferrara2 
and G. Gilli*. 'Laboratorio Sanita Pubblica, Sezione Fisica, Ivrea flo), Italy. 21stituto di Igiene, Universita di Torino, Italy. 

The possibility that Extremely Low Frequency (ELF) magnetic fields affect the genomic integrity of the cell is the objective of t h i s  study. 
Human Peripheral Lymphocytes (HPL) were exposed to different exposure conditions set combining AC magnetic field and static 
magnetic field. We used the Micronuclei (MN) cytogenetic technique, because MN formation is considered as a marker of chromosomal 
damage produced by genotoxic agents. The four experiments were carried out at the following exposure conditions: 
a) DC magnetic field nulla 150 pT, 32 Hz AC field and 75 pT, 32 Hz AC field 
b) DC magnetic field set at 42 UT Parallel to AC field 150 pT, 32 Hz AC field parallel to DC field and 75 pT, 32 Hz AC field parallel to 
DC field. 
These conditions were chosen to avoid (absence of DC field) or induce (DC field parallel to AC field) resonance effects for Ca ions. For 
each of the four exposure conditions HPL from 5 different healthy donors were used for a total of 20 donors. For each donor four 
conditions were studied i) lymphocytes not exposed to the field (control cultures); ii) lymphocytes exposed to the field; iii) lymphocytes 
treated with mitomycin€ and not exposed to the field; iv) lymphocytes treated with mitomycin-C and exposed to the field. Mitomycin€ 
treated cultures were used as a control for the MN method, because it is known that mitomycin-C is a powerful genotoxic agent, capable of 
inducing micronuclei. The obtained results show an effect on MN formation, only when the DC field is present, thus confirming resonance 
theory. 

p q  
EIGHT WEEK TOXICITY STUDY OF 60 HZ MAGNETIC FIELDS IN F344 RATS AND B6C3F1 MICE. DL. McConnickl 
B.M. Ryan*l, J.C. Findlay*l, J.B. Harder*l, J.R. Gaugerl, T.R. Johnson*l, MJ. Tomlinson*2, J.H. Brennecke*2 and G.A. Boorman*. 
lIIT Research Institute, Chicago, IL 60616 USA. *pathology Associates, Inc., Chicago, IL 60616 USA and Frederick, MD 21701 USA. 
3National Institute of Environmental Health Sciences, Research Triangle Park, NC 28704 USA. 

To evaluate the potential toxicity of subchronic exposure to power frequency magnetic fields, F344 rats and B6C3F1 mice (10 per sex per 
group) received continuous exposure to pure sinusoidal 60 Hz fields of 10 G, 2 G, 20 mG, or 0 G (sham control), or intermittent exposure 
(1 hr on, 1 hr off) to 10 G fields. Magnetic fields in animal exposure rooms were monitored continuously. Field strengths were 32% of the 
target at all times; ambient magnetic fields in all exposure rooms were below 0.7 mG. Animals were exposed to magnetic fields for 18.5 
hours per day for 8 weeks, and were observed twice daily and weighed weekly throughout the exposure period. Blood samples for clinical 
pathology were obtained from rats after 7 weeks of exposure. The study was terminated after 8 weeks of exposure, and animals underwent 
a complete necropsy. Approximately 50 tissues per animal were evaluated histopathologically. Magnetic field exposures induced no 
mortality or clinical evidence of toxicity in any group; mean body weights in all groups exposed to magnetic fields were comparable to 
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those of sham controls. A mild but statistically significant, dose-related reticulocytosis was seen in male rats exposed continuously to 10 G 
or 2 G fields; this effect was not seen in female rats at any field strength, or in male rats exposed intermittently to 10 G fields or 
continuously to 20 mG fields. All other hematologic and clinical chemistry parameters in male rats, and all clinical pathology parameters 
in female rats were within normal limits. Because the mild reticulocytosis observed in male rats was not accompanied by changes in any 
other red blood cell parameters, its biological significance is unclear. No evidence of significant tissue or organ-specific toxicity was 
detected in histopathologic evaluations. These data indicate that continuous or intermittent (1 hour on, 1 hour off) exposure to 60 Hz 
magnetic fields of up to 10 G for 8 weeks induces no significant toxicity in F344 rats or B6C3F1 mice. A study to evaluate the chronic 
toxicity and potential carcinogenicity of 60 Hz magnetic fields in these animal strains will be initiated during the summer of 1994. 
(Supported by contract NO1-ES-25351 from the National Toxicology Program, National Institute of Environmental Health Sciences) 

IJ-4-71 
HYPOMAGNETIC FIELD AND IMPRINTING. G. Marsagishvilil and V. Sandodze2. 1*21. Beritashvili Institute of Physiology, 
Georgian Academy of Sciences, Tbilisi 380060, Republic of Georgia. 

Theoretical and practical significance of the influence of hypomagnetic field on developing organisms and the negligible body of evidence 
available in this field led us to focus largely on the study of imprinting, an early form of memory, in chicks, subjected to hypomagnetic 
influence from the 5th, llth and 16th day of embryogenesis. The length of beak, wing and middle fiiger as well as the body weight have 
been morphometrically determined by us in control and experimental chicks. Imprinting has been studied by using Hess's principle of 
effort according to which the reaction to pursue an imprint object is regarded as an index of the degree of imprinting. Morphometric 
evaluation has enabled us to reveal that the average indices of body weight, length of middle finger, beak and wing of the experimental 
chicks, subjected to hypomagnetic influence from the 5th, llth and 16th day of embryogenesis, do not M e r  from those of the control group. 
However, the comparative evaluation of the time needed for execution of pursuing reaction has been found to be 2-3 times higher in 
control chicks than in experimental ones. Thus, it can be assumed that the influence of hypomagnetic medium produces a certain delay in 
the formation of endbrain, which in its turn causes an inhibition of the process of imprinting. 
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POSTER SESSION A: ODD NUMBERED POSTERS 

CO-CHAIRS: Joseph Salvatore and Betty Sisken 
P-1 to P-179 

a- !I 
I GENE TRANSCRIPTION 1 

J p - l j  
EFFECTS OF LOW FREQUENCY ELECTROMAGNETIC FIELDS ON C-MYC TRANSCRIPTION IN HUMAN 
SYNCHRONIZED ELLS. H. Desjobert*l, J. Nafziger*l and J. LambrozG. 'Laboratoire d'Hematologie, Faculte de Pharmacie, F- 

In previous experiments, the effects of 50 Hz electromagnetic fields (EMFs) on the uanscription of c-myc oncogene involved in normal 

75006 Paris, France. 5 Direction des Maires Medicales, Elecuicite De France, F-75008 Paris, France. 

synchronized cells were exposed to EMFs either immediately after replating in fresh medium containing 10% serum or one hour and half 
later, in order to allow c-myc expression. Two types of controls were used: cells placed under control coils of the exposure system to 
monitor the heating effects and cells shielded in a separated incubator. C-myc transcription was assessed by Northern blot analysis and the 
results were expressed according to the level of GamlH hybridization. The data showed no significant difference between control and 
exposed cells in c-myc transcription of the two cell types, whatever the exposure conditions. This leads us to the conclusion that the slight 
increase observed in non-synchronized cells is probably a non reproducible phenomenon. 

I p - 3 1  
ACUTE 60 HZ MAGNETIC FIELD EXPOSURE EFFECTS ON NIGHTTIME BASAL EXPRESSION OF LIGHT SENSITIVE 
GENES IN THE ADULT DJUNGARIAN HAMSTER RETINA AND ANTERIOR HYPOTHALAMUS. S. Hilliker*, W. 
€Iaggren*, T. Ishida-Jones*, S.M. Yellon* and W.R. Adey. J.L. Fkttis Memorial Veterans Medical Center, Loma Linda, CA 92357 
USA. 

In the seasonally breeding Djungarian hamster, the pineal melatonin rhythm transduces information about environmental photoperiod. 
Thus, the duration of the nighttime rise in circulating melatonin is the physiological signal that mediates the effect of long days to 
stimulate, or of short days to inhibit, reproductive function. Adult hamsters, entrained to a long-day photoperiod (16L:8D) and then 
exposed to a 15 min, 60 Hz, 1 Gauss magnetic field (MF) 2 hr before lights-off, exhibited a diminished nighttime melatonin production 
(Yellon, 1991, DOE Contractors Review, A-25). In order to investigate by what molecular mechanisms an acute MF is capable of 
affecting hamsters nighttime melatonin production, we have looked at the pattern of nighttime levels of mRNA of selected genes whose 
expression is associated with the ability of light to entrain the mammalian circadian clock. Tissues were collected from animals killed in a 
replicate MF experiment which, in contrast to the study cited above, failed to prcduce a significant MF-mediated suppression of pineal and 
serum melatonin rhythms (Yellon, 1993, DOE Contractors Review, A-29). Nevertheless, Northern blot analysis of total RNA was carried 
out in two tissues: the retina and the anterior hypothalamus (which contains the suprachiasmatic nucleus [SCN], the location of the 
mammalian biological clock). The tissue samples were pooled from the 6 animals in each treatment group: MF exposed, sham exposed, 
and unexposed. Levels of c-fos, arginine vasopressin (AVP), and S-antigen (S-AG) mRNAs were measured relative to that of a 
housekeeping gene, glyceraldehyde-3-phosphate dehydrogenase (GPDH). We were particularly interested in changes in mRNA levels of 
c-fos, a gene whose expression in the retina and the SCN is sensitive to light and is associated with changes in entrainment of the 
mammalian circadian rhythm (Rusak et al., 1990. Science 248: 1237). Overall, we did not see dramatic changes in the expression of c-fos, 
from 1 hr before lights-off until 0.5 hr after lights-on, suggesting a nocturnal rhythm of expression varying by no more than two-fold 
between each two-hour kill. At 3 hr after MF exposure, however, c-fos mRNA was increased 4-fold above control levels in the Djungarian 
hamster retina, but not in the anterior hypothalamus. Interestingly, this apparent response to MF exposure occurred at a time later than that 
observed after light pulse stimulus (Komhauser et al., 1990. Neuron 5: 127) but reminiscent of the effects of ouabain on c-fos and c-jun 
expression (Nakagawa et al., 1992. JBC 267: 8785). No detectable MF-mediated changes were observed in the expression of S-AG in the 
retina OT in c-fos or AVP in the anterior hypothalamus. These data raise questions about the physiological relevance between MF 
exposure-mediated changes in gene expression in the retina and SCN and the pineal melatonin rhythm. 
This work is supported by the Department of Energy, office of Energy Management, Contract DE-AI01-90CE35035, the DVA-VA, and 
NIEHS (1 RO1 ES06137.) 

Ip-51 
THE EFFECT OF WEAK STATIC AND ALTERNATING MAGNETIC FIELDS ON THE GENOME CONFORMATIONAL 
STATE OF E. COLI CELLS: EVIDENCE FOR MODEL OF PHASE MODULATION OF HIGH FREQUENCY 
OSCILLATIONS. I.Ya. Belyaev*, A.Yu. Matronchik* and Y.D. Alipov*. SRC "Vidguk, Moscow Engineering Physics Institute, 
Moscow, 115409, Russia. 

The method of anomalous viscosity time dependences (AVTD) was used to investigate the influence of static and extremely low frequency 
(ELF) alternating magnetic fields on the genome conformational state (GCS) of E. coli K12 AB 1157 cells. The effect of vertical collinear 
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static and alternating fields and its frequency and intensity dependence was established. It was shown that the value of resonant effect of 
the weak ELF electromagnetic field at an amplitude of 30 pT and a frequency of 9 Hz did not depend significantly on magnetic induction 
of perpendicular static field in the range from 0 to 140 pT. The magnitude of the collinear field was proved to be important for the 
resonant effect. At the same time the resonant ELF effect did not depend on orientation (up or down) of collinear static field. The physical 
model was developed on the basis of obtained results to describe effects of weak static and alternating magnetic fields on living cells. In 
this model the high-frequency oscillations of charged nucleoid were considered in a classical approach. The general solution of the 
proposed model was obtained. According to this solution the magnetic fields result in a phase modulation of high-frequency natural 
oscillations. In more detail the case of static magnetic field was analyzed and exposure conditions for maximum and minimum biological 
effects were obtained. The model predicted a wave-like dependence of the GCS changes on static magnetic field. The GCS changes were 
found when influencing the E. coli cells to weak static fields by means of increasing or reducing ambient magnetic field. The maximum 
effect appeared within 60-80 min after a 15 min cell exposure. Then the cells adapted to a new value of magnetic induction. The wave- 
like dependence of maximum effect on magnetic induction within the range from 0 to 120 pT was established by means AVTD method. 
This result is in a good agreement with the prediction of our model. The effect of completely compensated static field was proved to be 
most pronounced. The dependence of this effect on exposure time was investigated to obtain parameters of the developed model. 
CONCLUSIONS. 
1. Weak AC and DC magnetic fields were found to affect the genome conformational state of E. coli cells. 
2. The model of phase modulation of high frequency oscillations in the cell nucleoid was developed. 
3. The predicted wave-like dependence of the DC field effect was established. 

Ip-71 
TRANSCRIF'TIONAL EFFECTS OF 50 HZ MAGNETIC FIELD EXPOSURE ON LYMPHOBLASTOID CELL LINES. U. 
Rehnholm*l, E. Lindstrom2, K.H. Mild3 and M-O. Mattssonl. 'Dept. of Cellular and Devel pmental Biology, Univ. of Umea, S-90187 
Umea, Sweden. 2Dept. of Applied Cell and Molecular Biology, Univ. of Umea, Sweden. ?National Institute of Occupational Health, 
Umea, Sweden. 

Exposure to power frequency (50/60 Hz) electromagnetic fields has been implicated in public concern for human health. One reason is 
that occupational as well as residential epidemiological studies have indicated an increased frequency of certain forms of cancer due to 
low-level exposure. Although there is no proven causal relationship between EMF exposure and origin of tumors, recorded in vitro effects 
do not contradict such a hypothesis. We have previously shown that several mammalian cell lines respond to short-term expos e to ELF 

specifically, ODC-activity was seen to increase in cell lines exposed for 1 h or more to a 50 Hz sine-wave magnetic field with a flux 
density of 100 pT. In JURKAT cells, exposure to the same field gave rise to immediate cyclic increases in cytoplasmic Ca2+. Thus, 
exposure to 50 Hz fields do change biological parameters that are influencing the growth characteristics of cells. 
To further increase our understanding of biological processes that can be affected by magnetic field exposure, we decided to study the 
effects of 50 Hz field exposure on the process of DNA transcription. This is an "intermediate" process between the effects noted above. 
Increase in Ca2+ is triggering certain signal transduction pathways in cells. These pathways activate other proteins, including transcription 
factors that may change the transcriptional status of the cell, and thus ultimately the physiological characteristics of that cell. Furthermore, 
other authors have shown that short-term exposure of several cell types to 60 Hz fields do change transcriptional patterns (cf. Goodman 
and Shirley-Henderson, 1991; Phillips et al., 1992). 
In the present study we have adopted the nuclear run-off protocol for monitoring the actual transcription activity occurring during a certain 
time-period. Cell nuclei were prepared from lymphoblastoid cell lines (JURKAT, mutant strains of JURKAT, M-CM3) that were 

from those nuclei were hybridized to nylon filters containing various probes. We chose to investigate the transcription of ODC; the onco- 
genes c-myc, c-jun, c-fos; the stress protein hsp70; and the T-lymphocyte specific cytokine IL-2. As internal standards and controls, 
glyceraldehyde phosphate dehydrogenase (GAPDH) and niose phosphate isomerase were used. The out-come of these experiments will 
now be reported. 
References: 
Goodman, R. and A. Shirley-Henderson. Bioelectrochem. Bioenergetics, 25 (1991) 335-355. 
Phillips, J.L, W. Haggren, W.J. Thomas, T. Ishida-Jones and W.R. Adey. Biochim. Bbphys. Acfu, 1132 (1992) 140-144. 

magnetic fields with changes in parameters like ornithine decarboxylase (ODC) activity and levels of intracellular Ca ?K . More 

exposed for 15-60 min to a vertical 50 Hz magnetic field, 100 pT, in the presence of the local geomagnetic field. F- P labelled transcripts 

I T 1  
USE OF mRNA DIFFERENTIAL DISPLAY TO IDENTIFY CIRCADIAN CLOCK-CONTROLLED AND LIGHT SENSITIVE 
GENE EXPRESSION IN THE DJUNGARIAN HAMSTER PINEAL GLAND: APPLICATION TO DETECTION OF 
MAGNETIC FIELD EXPOSURE-MEDIATED EFFECTS ON EXPRESSION OF THESE GENES. T. Ishida-Jones*, W. 
Haggren*, S. Hilliker* and W.R. Adey. Jerry L. Pettis Memorial Veterans Hospital, Loma Linda, CA 92357 USA. 

We are using the technique of mRNA differential display to develop a set of light-specific and dark-specific gene probes in the Djungarian 
hamster pineal gland. These probes are being used to detect magnetic field (MF)-mediated changes in gene expression that characterize a 
MF-induced suppression of melatonin synthesis. The differential display technique involves PCR-amplification of sub-sets of mRNA, the 
same in each treatment group, and resolution of the isotopically labeled bands on a DNA sequencing gel. Ultimately, we are able to 
compare the presence or absence of specific gene expression between treatment groups. While the gene for a mammalian clock protein has 
yet to be identified, the molecular basis of the mammalian circadian rhythm is manifest in the 24 hour cyclic expression of a number of 
genes and the circadian production of certain substances, such as the pineal hormone, melatonin. Because light is the most potent 
"zeitgeber" (synchronizing agent) affecting the circadian biology of mammals, these genes are essentially light-specific and dark-specific 
in their expression. RNA was isolated from hamster pineal glands (1) during the daytime, (2) 3 hours after lights off, and (3) following a 
30 min light pulse that began 3 hours after lights off, which shuts down melatonin synthesis in this hamster for the remainder of the dark- 
period. While we are particularly interested in genes expressed in the pineal gland whose expression is related to the synthesis of 
melatonin, the differential display has provided us with a wealth of probes for genes whose expression is regulated by the endogenous 
circadian clock or by light. We are presently sequencing our initial selection of 10 bands. Following gene-fragment identification, 

86 



cloning, sequencing, and data base search for potential identification of gene product, several of our 10 bands will be used to probe a 
Northern blot containing hamster retina RNA isolated from an MF-exposure experiment in which a delay in melatonin production was 
observed. We anticipate pineal-specific probes will hybridize to retina-derived RNA due to shared biochemical processes in these tissues, 
including melatonin production. Ultimately, pineal RNA from MF exposed hamsters will be probed in order to identify MF exposure- 
mediated changes in the expression of these circadian clockcontrolled genes. We stand to gain valuable insight into the mechanisms by 
which MF exposure affects the whole animal by screening MF-induced gene expression in a well studied biological pathway, such as that 
of light entrainment. The model is strengthened by reports of a biological effect of MF exposure: suppression of melatonin production 
(Yellon, 1991, DOE Contractors Review: A-25) 
This work is supported by the Department of Energy, Office of Energy Management, Contract DE-AI01-90CE35035, the DVA-VA, and 
NIEHS (RO1 ESO6137). 

Lp-111 
INCREASED TRANSCRIPTS FOR HSWO AND C-MYg IN CELLS RE-STIMULATED WITH DIFFERENT EXPOSURE 
CONDITIONS. R. G F 1 ,  H. Linl and A.S. Henderson . lDepartment of Pathology, Columbia University Health Sciences, New 
YOIIC. NY 10032 USA. Biological Sciences, . *  H u n p  CollegecUNy, -- ~ New Y+ NY 1- 

. . i - .  - .  , 

Er@fobntin, a gene-expressed in HEXtJ c&&%mif-d 'ikunmf 
we showed that four minutes is the earliest time point after exposure that an increase in c-myc transcript levels catl be measured. Cells 
adapt and/or accommodate to the presence of a given field by returning to control levels of transcripts by 3 hours, whether the cell is 
continuously exposed or is exposed for 20 minutes and then removed from the field for the same time period. To understand the response 
of the cell to EM field stimulation and, ultimately, the interaction mechanism between the cell and EM field, the following questions were 
addressed: (i) can re-stimulation of transcript levels be achieved using the initial field strength and/or different field strengths after the 
return of steady state levels to the control values or during the return to control values; (ii) is there a refractory period and if so, what is its 
duration, and (iii) can transcripts stimulated by EM be re-stimulated by a different stressor, such as thermal shock? To study these 
questions, we exposed HL-60 cells initially for 20 min io a 60 Hz, 8 pT EM field at 8 pT. Steady state transcript levels for c-myc and 
HSP7O returned to control levels by three hours after exposure. In other experiments, cells were removed from the field and re-exposed for 
20 minutes to either the same conditions or exposure to a 0.8 pT or 80 pT EM field. The time course for reexposure ranged from 20 
minutes to 7 hours after exposure. The same time course was followed for cells which were exposed to heat shock conditions (42 "C). 
The earliest time point at which re-exposure is effective at the same field strength is 20 minutes. After one hour, a secondary increase in 
transcript levels for c-myc and hsp70 occurs only when cells are reexposed with a different field strenpth. or with heat shock irrespective 
of the time after they have been removed from the EM field. These results should be contrasted with those observed following heat shock 
where the refractory period (to additional heat shock) is about 7 hours. 
References 
R Goodman, M Blank, H Lin, 0 Khorkova, L Soo, D Weisbrot and AS Henderson, Increased levels of HSP70 transcripts are Induced when 
cells are exposed to low frequency electromagnetic fields. Bioelectrochem Bioenerg, in press. 
H. Lin, R Goodman and A. Henderson. A specific region of the c-myc promoter is responsive to electric and magnetic fields. J. Cellular 
Biochem., in press. 
We thank NIEHS and DOE for their support. 

PULSED MAGNETIC FIELD ENHANCED MNNG INDUCED DNA DAMAGE IN FL CELLS IN VITRO. R.Y. Wu.*', BJ .  
S h a ~ * ~ ,  H. ChiFg2 and J.L. Baa**. lAeventive Medicine Division of Hangzhou Medical College, Hangzhou 310012, P.R. China 
*Microwave Inst~tute, Zhejiang Medical University, Hangzhou 310006, P.R. China. 

We are attempting experiment of the effect of pulsed magnetic field (PMF) on I-Methyl-3-nitro-1-nitrosoguanidine (MNNG) induced 
cellular DNA damagehepair. Human FL cells were exposed to 15.6 kHz sawtooth PMF (52 ps rise and 12 ps fall time) at 40 pT and 4 pT 
peak density, respectively, for 72 hrs during the late process of their unscheduled DNA synthesis (UDS). PMF generator was composed of 
a pair of Helmholtz coils and a television set. During exposure the cultured cells in scintillant vials were incubated at Plexiglas plates 
(constant temperature at 37 "C) which were placed respectively at the required magnetic field and at the sham exposed at a 4.6 m distance 
from generator sft in the same room with power density similar to background. UDS includes three main steps 1) routine cell culture with 
14C-thymidine ( 4C-TdR) marked for 48-72 hrs . 2) cellular synchronization culture with 14C-TdR for 51 hrs, and wi hydroxyurea 0 

control) for the last 5 hrs. The 3W1 C radioactivity ratio of the cells was calculated. The results showed that MNNG could induced 
significant higher ratio of 3H/14C isotope activity than a solvant control (Pe0.05); 40 pT PMF + MNNG statistically significantly 
increased ratio of 3W14C as compared with sham ex sure (P<0.05), but 40 pT PMF exposure alone could not enhance the ratio of 
3 ~ 1 4 ~ ;  4 IT PMF neither enhanced the ratio of 3w& cornbiined with MNNG treatment, nor effected the ratio of 3 w 1 4 ~  alone witb 
comparison of sham exposure control. The paper suggested that 40 pT could enhance MNNG induced DNA damage in cultured FL cells. 
Therefore, we may consider that exceeded Ph4F exposure can enhance the effect of chemical carcinogenic on DNA damagehepair. 

without 14C-TdR for another 16 hrs. 34' 3H-thymidine (3H-TdR) marked and treatment with MNNG at 10-3,10-4,10- f" M (0 M as a solvent 
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REGULATORY DNA UPqTREAM OF THE C-FOS AND C-MYC GENES IS RESPONSIVE TO ELECTRIC ANT) MAGNETIC 
FIELDS. S. Raol, H. Lin , R. Goodman;! and A.S. Henderson1. lHunter College, Biological Sciences, New York, NY 10021 USA. 
2Columbia University Health Sciences, Department of Pathology, New York, NY 10032 USA. 

Our current research is testing the hypothesis that one effect of extremely low frequency (elf) electric and magnetic (EM) fields is at the 
level of gene regulation. 
Rationale: Steady state levels of transcripts coding for the transcription factors, c-fos and c-myc, are increased when human HL60 cells are 
exposed for short time periods to EM fields. The steady state levels of both c-fos and c-myc transcripts in timed exposures to EM fields is 
consistent with some form of induction. The increase is rapid, but steady state transcript levels of c-myc return to control levels by 2 hours 
whether the cells are exposed for 20 minutes and removed from the field for 4 hours or exposed constantly for 4 hours. 
Methd  CAT constructs containing the upstream DNA regulatory regions of c-myc and c-fos DNA are transfected into HeLa cells by the 
lipofectin method and the level of CAT (chloramphenicol transferase) is compared between cells which are isolated from and exposed to 
EM fields. 
Conditions: Cultured cells (HL-60, HeLa or mouse PX3) are exposed to a 60 Hz, 8 pT (induced E fi Id of 11 pV/m) EM field using a pair 

Plexiglas stand in an area of the coils shown to have a uniform magnetic field. The coils are shielded in a mu-metal container within the 
incubator. Control cells are shielded in a separate mu-metal container. Temperature is monitored using a Physitemp thermocouple probe 
that is sensitive to 0.1 OC. Transcript levels are measured by dot blots, Northern blots and RT-PCR. Levels of CAT are measured using 
the chromatographic method. In some experiments, 8-2 microglobulii is used as an internal control. 
Results: DNA upstream of P1 of mouse (stable transfectants) and human (transient transfectants) c-myc genes was Uansfected into mouse 
PX3 and HeLa cells, respectively, as CAT constructs. There was increased expression of CAT after exposure of cells to 60 Hz EM fields 
for 20 minutes. Further experiments showed that the region responsive to EM fields in human cells i s  approximately 900 bp and located 
between the restriction sites Clal and Pvull. Research in progress should allow us to delineate the critical region more precisely. Similar 
experiments have tested a 700 bp construct (Xbal -Wol) containing upstream regulatory elements for c-fos. In experiments done to date, 
exposures of cells carrying this construct have been carried out at 5. 10,20,30 and 40 minutes. The results show a peak in CAT activity at 
20 minutes. Our current research is testing eight critical DNA fragments (some overlapping) in the approximate region of 0 to -350, in 
order to determine the size and location of the controlling regions that are sensitive to EM field exposure. 
We thank NIEHS, DOE and ONR for their support. 

of Helmholtz coils (EBI, Inc). The culture flasks fl-25) or petri dishes containing the cells (-1 x 10 8 celldml) are placed horizontally on a 

Ip-171 
ENHANCED EXPRESSION OF P-GALACTOSIDASE GENE IN RAT PHEOCHROMOCYTOMA CELLS BY EXTREMELY 
LOW FREQUENCY MAGNETIC FIELD. J. Miyakoshi, S. Ohtsu, T. Tsukada and H. Takebe. Department of Experimental 
Radiology, Faculty of Medicine, Kyoto University, Sakyo-ku, Kyoto 606-01 Japan. 

To examine the biological effects of extremely low frequency magnetic field (ELFMF), we have designed and manufactured a new 
equipment for long-term and high-density exposures of cells to ELFMF. The ELFMF exposure system consists of a generator of magnets 
with a built-in C@ incubator, an alternating current (AC) power supply, a gas compressor and a thermocontroller for the incubator, and a 
cooling unit for the magnet. The maximum magnetic flux density in the exposure chamber of the incubator is 400 mT at 50 Hz. 
Temperature of the incubator is maintained at 37M.5 OC. We investigated the effect of ELFMF on intracellular signal transduction using 
PCVG cells. PCVG cells derived from the parental rat pheochromocyotma PC12 cells transfected with the expression plasmid, 
pVIPGAL1, which consists of the lac-2 operon including the 8-galactosidase gene connected to the promoter region of a human vasoactive 
intestinal peptide gene. The B-galactosidase activity in PCVG cells was estimated from the optical density at 420 nm following the 
treatment with ONPG (0-nitrophenil-B-D-galactopyranoside) and NP40 (nonidet P-40). There was a little activity of the &galactosidase in 
PCVG cells under no stimulation. Forskolin is known as a potent stimulator of adenylate cyclase. When PCVG cells were treated with 
forskolin (2 ClM) for 4 hr, B-galactosidase activity was increased. The activity was further increased by the combined treatments with 
forskolin and E L W  (200 and 400 mT). The stimulation by forskolin and 25 ng/ml of TPA (12-0-tetradecanoylphorbol 13-acetate) for 4 
hr induced 2.5-fold increase in the &galactosidase activity as compared with forskolin alone. Combined treatments with forskolin and 
TPA under 400 mT E L M  exposure induced 3.0-fold increase in the activity. When cells were treated with forskolin and calphostin C, a 
specific inhibitor of protein kinase C, with or without ELFMF (200 and 400 mT) exposures for 4 hr, the B-galactosidase activity was 
decreased to less than 50% of that in the treatment with forskolin alone. From these results, exposure of PCVG cells to ELFMF may 
stimulate the intracellular signal transduction resulting in the enhancement of B-galactosidase gene expression. 

lp-191 
THE PRESENCE OF CALCIUM IS IMPORTANT IN THE CELL'S RESPONSE TO EM FIELDS. R. Karabakhaianl, N. 
Br~ude l .~ ,  N. Shaltsl, R. Goodman2 and AS. Henderson1. lHunter College, Biological Sciences, New York. NY 10021 USA. 
2Columbia University Health Sciences, Department of Pathology, New York, NY 10032 USA. 3Boston University, Boston, MA USA. 

The most viable and consistent due as to mechanism of electric and magnetic (EM) field interactions is the change in calcium flux (influx 
and/or efflux) pattern observed in cells exposed to EM fields (see for example, Adey and Sheppard, 1987, Blackman ef al., 1989, Liburdy, 
1992). Calcium ions are known to be second messengers in signaling systems, conveying signals from the cell surface to the interior of the 
cell, and could represent one means of amplifying the EM signal. The relationship of calcium to signal transduction pathways could also 
ultimately provide a mechanism to explain why steady state levels of some mRNAs are increased in cells exposed to extremely low 
frequency (elf) EM fields. The present experiments tested whether calcium concentration can influence this response of cells to EM fields. 
Methods: HL-60 cells from a single flask are split into T-25 flasks containing either RPMI 1W or MEM (calcium concentration = 100 
m@) or MEM (calcium concentration adjusted to M). The cells are exposed to a 60 Hz, 8 pT (induced E field of -10 pV/m) EM 
field using a pair of Helmholtz coils (EBI, Inc). The culture flasks containing the cells (-1 x lo6 cells/ml) are placed horizontally on a 
Plexiglas stand in an area of the coils shown to have a uniform magnetic field. The coils are shielded in a mu-metal container within the 
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incubator. Control cells are shielded in a separate mu-metal container. Steady state transcript levels for c-fos and c-myc are determined 
using both hybridization methods and RT-PCR. B-2 microglobulin is used as an internal control. 
Results: The results show that the effect of EM fields in increasing the steady state levels of c-fos and c-myc transcripts is suppressed when 
cells are placed under conditions of calcium deprivation. The results from these experiments are consistent with the hypothesis that the 
Caf2 ions are involved in the response of the cell to EM fields. 
Adey W.R. and Sheppard A. (1987) in: Mechanistic Approaches to Interactions of Electromagnetic Fields with Living Systems (Blank M. 
and Findl, E. e&), pp 365-387, Plenum Press, New York. 
Blzkman C.F., Kinney L.S., House DE. and Joines, W.T. (1989) Bioelectromagnet. 10,115-128. 

We thank NIEHS, DOE and ONR for their support. 
Liburdy, R.P. (1992) FEBS. Lett. 301,53-59 

I CALCIUM AND SIGNAL TRANSDUCTION I 

The effect of exposure to magnetic fields on cytosolic free calcium conmaation ([Ca2+1i) was assessed in the human T-cell line 
JURKAT. [Ca2+]i was measured using cuvette-based fluorescence spectrophotometry with the calcium sensitive fluorescent probe indel . 
Fluorescence was monitored with a modified fluorescence spectrophotometer where the sample was located within a Helmholtz coil 
approximately 1 m away from the xenon lamp, photomultiplier tube, monochromators and electronics. A specially designed sample 
chamber allowed for shultane~us exposure and measurement of four samples (three indo-1-loaded replicates and one non-loaded sample 
for autofluorescence correction). During all experiments, samples were maintained in suspension with a mechanical nonmagnetic mixing 
system and were kept at 37M.1 OC with a circulating bath system. During each 40 min experiment, the samples were exposed to a 
sinusoidal magnetic field with simultaneous measurement of [Ca2+]i. Twenty minutes after the start of exposure, 20 pg/ml of 
concanavalin-A (conA) was added. A total of 45 frequency-amplitude combinations were tested with some combinations being repeated 
(n= 63). Seventeen sham experiments were perFormed in parallel and were used to normalize [Ca2+]i in exposed samples by division. 
During sham experiments, samples were prepared and handled similarly to exposed samples, but the magnetic field was not applied. The 
static magnetic field was 78 pT and colinear to the sinusoidal magnetic field during all exposed and sham runs. For analysis, the 
normalized data was grouped into four equal time regions (PREl, PRE2, POSTl and POST2), which were each analyzed with 2 way 
ANOVA (factors being frequency and amplitude). Results of the analysis show that there was an effect of both magnetic field frequency 
and amplitude in both PRE regions (p4.01, peO.001, Table 1). These effects disappeared after addition of conA (POSTl, pS.2, p>0.6), 
but an effect of am litude retumed in region POST2 (pe0.02). This suggests that magnetic fields have their greatest effect on basal, rather 
than stimulated [&%]i in JURKAT, and that the addition of 20 pg/d conA makes JURKAT less sensitive to magnetic fields. 

Table 1 Dependence of [Ca2+]i on the frequency and amplitude of the applied sinusoidal magnetic field. Data expressed as the average 
percentage of EXPOSFWSHAM for the period 10-20 min (PRE2). Empty cells represent values which are within lfil.96*SEM of unity. 

Ip-231 
SINGLE-CELL FLUORESCENCE IMAGING STUDY OF THE INTRACELLULAR CALCIUM CONCENTRATION IN 
HUMAN JURKAT T-CELLS UNDER THE INFLUENCE OF 50 HZ MAGNETIC FIELDS. J. Walleczek, P.L. Killoran, R.B. 
S t a g  and W.R. Adey. Jerry L. Pettis Memorial Veterans Medical Center, Loma Linda, CA 92357 USA. 

Electromagnetic field (EMF) modulation of cellular signal transduction steps, including Ca2+ signaling, may represent an early biological 
mechanism for inducing later-stage EMF effects on T-cells and other immune cells, such as on gene expression and cell proliferation [ll. 
As a physically-plausible magnetic field 0 coupling site in T-cells cellular radi al pair recombination steps have been proposed [2,31. 
Recently, MF effects (B, = 100 pT, f= 50 Hz sine wave) on cytoplasmic free Ca%+ concentration, [Ca2+]i, in single Jurkat Tcells have 
been reported by Lindsuom et al. [4]. Because of their data and our previous results with MFexposed Jurkat T-cell populations [51, we 
have initiated this study to further explore this reported effect. A microscopy fluorescence imaging system as described previously was 
used [61. Any fluorescence spectroscopic study of real-time cell events requires the adaptation of a stringent experimental protocol to rule 
out the possibility of artifactual results. The reason is that control and exposure experiments need to be carried out in a sequential manner. 
Therefore, time-dependent baseline biological activity in the control and exposed cells must be continually characterized in order to be able 
to draw meaningful conclusions [5 ] .  For this reason, either before or alter exposure experiment, an identical experiment was carried 
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out, however, with the 50-Hz sinusoidal MF (B,.= 100 pT) turned off. In each experiment, first, a [Ca2+]i -baseline recording - in the 
absence of the MF - for each cell was taken for 5 mm, followed by a 10-min recording during which the 50-Hz MF was either turned on or 
off. According to this protocol, evidence for a MF effect would be constituted by significant differences in [Ca2+]i or [Ca2+]i -oscillatory 
activity between the pooled results from all 10-min exposure and sham-exposure runs. The experiments were carried out with FURA-2- 
loaded human le& mic Jurkat Tcells (clone 33-1) at room temperawe. Cell growth conditions and the buffer characteristics were as 
described [5 ] .  [Ca5+]i -levels in the absence or presence of the 50-Hz MF were monitored in 598 individual Jurkat T-cells in eight 
experimental runs (four exposure runs alternated with four sham-exposure runs). Out of the 598 cells, 312 cells (49%) displayed s ble 

-levels were o served, during the subsequent 10-min exposure or sham-exposure periods, respectively. We found that the observed 

sham-exposed samples, Le., the percentage of cells which showed changes in [Ca2+]i did not significantly differ between MF-exposed 
cells (13.0%; 28 of 215) and sham-exposed cells (14.4%; 14 of 97). Experiments at physiological temperatures, as done in ref. [41, are 
currently in progress. 
Supported by the Fetzer Institute and the US-Department of Energy. 
References: 

[3] Walleczek J., et al (1993) 15* Ann Meet BEMS, Los Angeles (06/13-17), abstr. F-1-3. 
[4] Lmdstrom E et al(1993) J Cell Physiol 156,395-398. 
[5] Walleczek J et al(1992) In: "Elecnicity and Magnetism in Biology and Medicine" Blank, M (ed) San Francisco Press, pp. 303-306. 
161 Stagg RB, Adey WR (1993) 15* Ann Meet BEMS, Los Angeles (06/13-17), absu. P-B-37. 

[Ca2+]i -levels during the 5-min pre-exposure period. For 42 out of the 312 stable T-cells (135%), deviations from the baselie [Ca 9+ ]i 

changes in [Ca !I+ ]i were not associated, however, with the 50-Hz MFexposure, as they o m e d  with equal frequency in the exposed and 

[l] Walleczek J (1992) FASEB J 6,3177-3185. 
[2] Walleczk J, Budiger TF (1992) FEBS Lett 3 14,351-355. 

Ip-251 
ELF MAGNETIC FIELD STIMULATED INTRACELLULAR Ca2+ OSCILLATIONS. J. Galvano~skis*~, J. Sandblom*l, B. 
Bergqvist*2 and Y. Hamnerius2. lDepartment of Medical Physics, University of Gothenburg, S-413 90, Sweden. 2Department of 
Microwave Technology, Chalmers University of Technology, Gothenburg, S-412 96, Sweden. 

The effect of the low intensity ELF (extremely low frequency) magnetic fields on ionized Ca concentration inside RIN and JURKAT cells 
has been studied. In view of the central role the Ca ion has in the regulation of cell metabolism such effect, if unequivocally proved, may 
be of a crucial importance in explaining the action of low level fields on biological systems. 
To monitor the concentration of free Ca in cell cytoplasm the microspectrofluorimetry with Indo-1 was utilized in the double emission 
mode. The magnetic fields were created by rectangular, mangle or sinusoidal current pulses driven through a three dimensional Helmholtz 
coil mounted on a microscope. The pulse frequencies tested ranged from 8 to 50 Hz. Amplitude values of the flux densities of the 
corresponding magnetic fields from 0 to 100 pT were used. 
The results show that the two cell types studied differ considerably in their capability to produce spontaneous changes of Ca concentration 
without their exposure to the electromagnetic field, JURKAT cells being the most active of them. The exposure of these cells to the ELF 
magnetic fields led to small but explicit increases of rapid cytoplasmic Ca concentration fluctuations, most easily observable by exposure 
of cells to the 0.1 mT magnetic field induced by a sinusoidal signal at 50 Hz. A few JURKAT cells and no RIN cells were capable of 
producing considerable Ca level changes under the influence of applied fields. 

IP-271 
STUDIES ON HUMAN LYMPHOCYTES EXPOSED TO A 50 HZ, 100 pT MAGNETIC, 5 Kvlm ELECTRIC FIELD. A. 
Cossarizza*, F. Bersani, G. Kalashnikova*, G. Castellani*, M. Capri*, D. Monti* and C. Francexhi*. Dept. of Biomedical Sciences, 
Section of General Pathology, 41 100 Modena, Italy. Dept. of Physics, Bologna, Italy. Cancer Research Center, Russian Academy of 
Medical Sciences, Moscow, Russia. 

In recent years, an increasing interest has been focused on the biological effects of 50i60 Hz electric and magnetic fields, in connection to 
possible health risks related to powerlines. In the present study we have addressed the question whether the exposure of human 
lymphocytes to a combination of 50 Hz elecuic and .magnetic fields having intensities similar to those found under powerlines, can affect 
lymphocyte proliferation and mitochondrial activity. 
In previous studies we have demonstrated that human lymphocytes stimulated in vitro with different mitogens are sensitive to the exposure 
of pulsed magnetic fields, in terms of proliferation and growth factors production, and such sensitivity is an agedependent phenomenon 
(1-5). By using the same type of cells, in the present study we have investigated the biological effects of a different field, with the physical 
characteristi s described below. The main biological parameters that we have studied were lymphocyte proliferation, by using different 

mitochondrial mass and membrane potential (by a new cytofluorimeuic technique we have recently developed, using the lipophilic cation 
5,5',6,6-tetrachloro-l, 1',3,3'-tetraethylbenzimidazolcarbocyanine iodide, JC-1) (6). 
The exposure system consisted of a pair of parallel horizontal metallic plates (40 cm x 30 cm) connected to an A.C. voltage generator, 4.0 
cm apart. This couple of plates was surrounded by 4 square vertical coils (side 19 cm) placed at suitable .distances in order to obtain a 
horizontal magnetic field with good uniformity over the plate extension. 
The experiments were performed at a magnetic field intensity of 100 FT and an electric field of 5 Kv/m, and the main results can be 
summarized as follows: i) the study of lymphocyte proliferation in cells from several donors showed that, on the whole, no statistically 
significant effects were present in cells exposed to the fields. However. an individual sensitivity was noted. Indeed, cells from certain 
subjects were sensitive to the field, being their proliferative capability markedly modified by the exposure; ii) an individual sensiuvity was 
present also as far as the alteration of mitochondrial membrane potential was concerned. Indeed, in this case too the cytofluorimetric 
analysis put in evidence that significant alterations were present in field-exposed cells from some donors. 
Further studies are in course to better identify the biological basis of such individual differences. 
1. Cossarizza A. et al., Biochem. Biophys. Res. Commun. 16a; 692498,1989. 
2. Cossarizza A. et al., FEBS Lett. 248: 141-144, 1989. 

techniques ( 3 H-thymidine incorporation after different times of exposure, cytofluorimemc analysis of cell cycle and of cell phenotype) and 
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3. Cossarizza A. et al., Aging - Clin. Exp. Res. 3241-246,1991 
4. Cadossi R. et al., FASEB J. 6: 2667-2674, 1992. 
5. Cossarizza A. et al., Exp. Cell Res. m: 385-387, 1993. 
6. Cossarizza A. et al., Biochem. Biophys. Res. Commun. m: 4045,1993. 

(p-291 
ELECTROMAGNETIC (EM) TRANSFER OF MOLECULAR SIGNALS. J. Benveniste, J. Aissa, MH. Lithe, G.Th. Tsangaris, Y. 
Thomas. INSERM U 200,92140 Clamart, France. 

INTRODUCTION 
Agonists can express biological activity when highly diluted with vigorous mixing(l6). This is the case with blated perfused guinea-pig 
(GP) and rat heads, which react to various highly dilute (HD) agonists. HD effects were inhibited after exposure to a magnetic field(6), see 
"Experimental Background" below. This suggested an electromagnetic nature for the molecular signal which should therefore be 

Heart prepahon. Hearts were perfused at constant pressure (40 cm H20) at 37 O C  with Krebs-Henseleit buffer (KHB, pH 7.4) gassed with 
02/c02:95/5%. Coronary flow (0, maximal and minimal tension. rate and dp/dt were recorded for 15 min and digitized (Emka, Paris, 
France). Results are expressed in % variation as compared to time 0 values, Gassed solutions @H 7.4) were injected (05 to 2.5 mVmin) at 
the base of the aorta with an electric syringe. Some samples were tested after heating (70 OC; 2 hrs), a procedure which suppresses HD 
effect (unpublished observations). 
Cells. CEM-Cl2 human T cell line was cultured at 2 x lo5 cells/ml in 5% serum RPMI 1640 at 37 O C  in usual culture conditions. For 
eacp experiment, cells were harvested in exponential growth phase and cultured (5 x lo4 cells/well) in 2% Serum-RPMI in an incubator at 
37 C, 7%C@. Cadmium (a2') or vehicle was added at various concentrations, and cells were then exposed or not to adrenaline, either 
pondoral or "'transmitted" (see below). After 18 hrs, viable cell number was assessed by methyl tetrazolium colorimetric test (M", 
results expressed in OD or in % viable cells) as described (7,8). 
High dilution of agonists. Histamine (hist) and ova, 1 mM (or water as control), were serially (lo2- or lo3-fold) diluted in water down to 
log 41 M th) using disposable micropipettes, with 15 s vortexing between dilutions. Pools (31-41) were used as such or after one or 

sensitivity of 0.5 ng. 
RESULTS 
Results are means rt SEM. Statistics are based on Student's t test for unpaired variates (Sigmaplot). 

several 10 5 -fold dilution in perfusion buffer. No hist was detected below the 1 nM dilution, using a spectrofluorornetrlc method with a 
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FIGURE 2: Effect on coronary flow of "transmitted" agonists 
Isolated heads from guinea-pigs immunized with ova were infused with "transmitted" hist, eva or endo (in fact, all are samples of distilled 
water). The heads reacted as though they had seen the original molecule since CF Variations induced by these "transmitted" activities were 
similar to those observed with ponderal agonists. As for highly dilute agonists. "transmitted" activities (but not those of molecular 
agonists, not shown) were abolished by heating for 2 hrs at 70 OC. Ponderal or ''transmitted'' ova or endo had no effect on heads from non- 
immune animals (not shown). The "transmitted" activities lasted several days in vials (not shown). 
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NEURO-BEHAVIORAL INTERACTION 
~ 

Ip-311 
EXTENDED TEST OF AN ION PARAMETRIC RESONANCE MODEL FOR MAGNETIC FIELD INTERACTIONS WITH 
PC-12 CELLS. CF. Blackmanl, J.P Blanchard2, S.G. Benane*l and D.E. House*l. lUS Environmental Protection Agency, Research 
Triangle Park, NC 2771 1-2055 USA. 2Bechtel Research & Development, San Francisco, CA 941 19-3965 USA. 

A recently developed ion parametric resonance (IPR) model (Blanchard and Blackman, Bioelectromagnetics, 1994, in review) predicts 
magnetic field interactions with biological systems based on a selective relation between the flux density of the static magnetic field, the 
frequency and flux density of the AC magnetic field, and the charge-to-mass ratio of ions of biological relevance. The results of in vitro 
experiments, designed to test the effects of distinct field combinations on nerve growth factor (NGF') stimulated neurite outgrowth (NO) in 
PC-12 cells, demonstrated a remarkably consistent fit between experimental data for NO inhibition and model predictions, as the cell 
response passed through maximal inhibition and returned to no effect for Bac between 0 and 468 mG, rms (Blackman et al., 
Bioelectromagnetics, 1994, in review). The work described here tests whether the PC-12 cell response to magnetic fields remains 
consistent with the distinctive quasi-periodic, resonance based predictions of the P R  model at higher AC magnetic field intensities (404- 
1109 mG rms). Over this range of Bac, the IPR model predicted a cycle of inhibition passing through a maximum, retuming to no effect, 
and continuing down to a third maximum. Cells were exposed for 23 hours in a 5% C@ incubator inside a multiplecoil exposure system, 
which independently established the spatially varying, 45 Hz AC field and the parallel (366 mG) and perpendicular (less than 2 mG) 
components of the DC field. We extended the best fit obtained for the earlier data (0-468 mG m) to evaluate the new data. The 
extension fits the experimental results well, predicting both the AC magnetic field values at which the cells demonsuated both maximal 
and minimal effects as well as the relative magnitude of those maxima compared with the magnitude of the first maxima observed in the 0- 
468 mG range. Consistent inhibition rather than enhancement of NO was observed throughout these tests. To explain this response, we 
postulated in Blackman et al., 1994, that NGF stimulation of NO is operating at maximum efficiency, thus any perturbation at the ionic 
level by magnetic fields would lead to reduced efficiency and diminished cellular response. The application of the IPR model here 
accounts for this by taking the absolute value of the sum of the contributions from the ions at resonance. For other biological systems, the 
polarity (positive and negative peaks in probabilities of ionic transitions) m a y  have different significance (Ross, Bioelectromagnetics, 
11:27, 1990). The responses observed in PC-12 cells at the extended range of AC flux densities tested here were found to be consistent 
with predictions of our model and provide additional support for the validity of the fundamental relationships embodied in the IPR model. 
CFB supported in part by Department of Energy, Office of Energy Management, IAG# DEAIOl-89CE34024. JPB was supported by 
internal funding from Bechtel Corporation's Research and Development Department. This is the abstract of a proposed presentation and 
does not necessarily reflect EPA policy. 

Ip-331 
INFLUENCES OF WEAK MAGNETIC FIELDS ON RHYTHMIC SLOW ACTIVITY IN RAT BRAIN SLICES. S.M. Bawin, 
W.M. Satmary, R.A. Jones and W.R. Adey. J.L. Pettis Memorial Veterans Medical Center, Loma Linda, CA 92357 USA. 

Periodic bursts of cholinergic slow rhythmic activity (RSA, 5-13 Hz) occur in the hippocampus during periods of learning, and factors that 
modulate RSA are thought to also influence memory functions. RSA can be induced in vitro, by perfusing hippocampal slices with 
carbachol, a non-hydrolysable agonist of acetylcholine. We used the slice technique to investigate the possible effects of sinusoidal 1 and 
60 Hz, 56 microTesla fields on the rate of occurrence of RSA episodes. The slices were kept in an interface recording chamber perfused 
with carbacholcontaining (10-20 phi') physiological solution (33 OC, pH 7.4). Extracellular electrodes recorded electrical activity in the 
CA3 area of the slices. Vertical ac magnetic fields were applied during 10 min epochs, via a horizontal coil mounted around the chamber. 
The ambient dc magnetic field in the chamber had an intensity of 44.9 microTesla, and an angle of -66 degrees from the horizontal plane. 
The ambient ac magnetic field was maximal (0.1 1 microTesla, rms) in the horizontal plane. RSA developed in 80% of the slices within 30 
min of carbachol application. RSA intervals varied from slice to slice with a range of 25 to 50 s during baseline recording. The criterion 
for acceptance of a slice for field or sham exposure was that no interval between two successive bursts of RSA lay at more than 2 standard 
deviations (SDs) away from the mean value during a 10 min baseline. Occurrence during or following field/sham exposure of an RSA 
interval 6 SDs away from the mean of the baseline was taken as the onset time (T) of destabilization of the RSA intervals. The data were 
analyzed in terms of the frequency distribution of Ts across 6 successive 5 min bins following the beginning of exposure. A 7* bin 
represented T>30 min or no destabilization. Chi Square analyses of contingency tables indicated that., compared with sham exposures 
(n=32), magnetic fields at 1 Hz (n=28) significantly affected Ts distribution (p=O.016), with 64% of all Ts happening during field exposure 
versus 22% during sham. By contrast, 60 Hz fields failed to significantly affect the overall Ts distribution, although 42% of all Ts 
occurred during field exposure. In parallel studies, we demonstrated that slice endogenous nitric oxide (NO) controlled the rate of 
occurrence of RSA bursts. Thus, extracellular sequestration of NO (100 hemoglobin, n=9). or intracellular inhibition of NO synthase 
(50-100 pM nitro-L-arginine, NLA, n 4 )  shortened and regularized the RSA intervals. By contrast, addition of NO donors such as 
sodium nitroprusside (SNP, 10-100 ClM) lengthened and destabilized the intervals (n=14). Fields at 1 Hz had no effect on RSA intervals in 
the presence of NLA, although field exposure after washout of the drug effectively destabilized the intervals (n=10). Although 
preliminary, these findings suggest that field-induced destabilization involves NO. Future studies will attempt to determine whether 
magnetic fields interact with the formation and/or lifetime of NO, or with NO-sensitive biochemical processes. 
Sponsored by the Department of Veterans Affairs and the Department of Energy, Office of Energy Management, Contract No DE-AI01 - 
9OCE35035. 
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j F 3 q  
MAGNETIC FKELD EXPOSURE INHIBITS NEUROPEPTIDE Y mRNA PRODUCTION IN PC-12 CELLS SPECIFICALLY 

Adey2. lDept. of Biol., Cal. State. U., San Bernardino, CA USA. 2Jerry L. Pettis V.A. Medical Center, Loma Linda, CA 92357 USA. 
THROUGH A PROTEIN KINASE c DEPENDENT MECHANISM. WJ. moma~*1~2, R.B. stag& J.M. Thompson*l and W.R. 

Neuropeptide Y (NPY), discovered in 1982, is one of the most abundant neuropeptides found in the mammalian brain. It is also stored and 
secreted as a hormone from chromaffm cells in the body. It has been shown to regulate cardiac blood pressure, intracellular calcium 
concentrations in tissue culture, and pineal gland production and secretion of the hormone melatonin, all which have been shown to be 
affected by exposure to magnetic fields. We have chosen to examine the possible effects of magnetic field exposure on the production of 
NPY mRNA in the rat pheochromocytoma, PC-12 cell line. IWY mRNA production is regulated in these cells by at least two different 
signal iransduction mechanisms, the phoshoinositideEprotein kinase C (PKC) dependent, and the CAMP dependent, with a synergism 
Occurring upon simultaneous stimulation of both of these pathways. Previously we have reported that magnetic field exposure 
sign&antly inhibits the PKC/cAMP dependent synergistic production of NF'Y mRNA (15th Annual Meeting of the Bioelectromagnetics 
Society, 1993). To determine whether or not a specific signal transduction pathway was affected, PC-12 cells w e ~ e  grown in DME tissue &me d- -ALn r;qL krma - I e a  CM.4 raw -.... *A cn Ma -. :rr tnn -2 -4 s&Ldk%m 0 b .. k.u:.Ezsd 

were seen between majjneficfierd and sham bposed unstimulated cells, win thosecetk exposed to forskolin (20 umr); In Wee of 
four experiments, those cells exposed to TPA (50 nM) and magnetic field showed an average 27%. 36%, and 24% (p <0.05), decline in 
NPY M A .  It has been shown that transcript stability of the GAP43 gene in PC-12 cells can be affected by activation of protein kinase 
C. To determine if our decline in NPY mRNA was at the posttranscriptional level, cells were incubated with TPA (50 nM) for 8 hours at 
which time, DRB (5,6-Dichloro-l-B-D-Ribo-Furanosyl-Benzimidazole) (65 uM), an inhibitor of transcription was added. RNA was 
extracted at various time points thereafter. The TPA-induced half-life was approximately 12 hours in both magnetic field and sham 
exposed cultures. These results indicate exposure to a 1 gauss, 60 Hz magnetic field affects a mechanism involving PKC that leads to an 
inhibition of the production of NPY mRNA in PC-12 cells and this effect does not appear to be at the posttranscriptional level. 

This work was supported by CSUSB AS1 graduate research funds and DOE Department of Energy Contract No. AI 01-9OCE35035. 

Ip-371 
PSYCHOPHYSICAL ASSESSMENT OF THE HUMAN SENSORY PERCEPTION OF DC ELEqTRIC FIELDS AND ION 
CURRENTS. J-P. Blondinl, D-H. Nguyen2, J. Sbeghen3, M. Plante4, P.S. Maruvada2 and D. Goulet3. Departement de psychologie, 
Universite de Montreal, Montreal, QC, CanadaH3C 3J7. 21nstitut de recherche dWydro-Quebec, Varennes, QC, Canada J3X 1S1. 3V.P 
Environement and 4Service sante d'Hydro-Quebec, Hydro-Quebec, QC, Canada H2L 2G3. 

This poster describes the implementation of experimental techniques aimed at assessing the human sensory perception of DC electric fields 
and ion currents similar to those generated by high voltage DC transmission lines. These procedures were used in an exposure chamber 
built in order to simulate the field and ion currents surrounding high voltage DC lines1. The laboratory facilities were designed so that 
human subjects could observe DC electric fields of varying intensities, with a maximum attainable value of 55 kV/m. The concomitant ion 
current density could also vary, from 0 to 300 nA/m2 (or up to 0.35 XI@ of ions/cm3 in terms of ion density). The perception of DC fields 
and ion current densities was first examined using a recent version of the classical psychophysical staircase method, namely the Single- 
Interval Adjustment-Matrix (SIAM) adaptive procedure (Kaembach, 1990). This is a yes-no, single-interval staircase which introduces 
50% of random "non-si " trials yielded three preliinary sensory thresholds corresponding to the three ion density (ion densities of 0.0. 
0.067 and 0.133 x 1 P ions/cm3) conditions; it also provided participants with an opportunity to experiment with DC fields and ion 
currents in preparation for the rating procedure. The latter, which is derived from the Signal detection theory (Green and Swets, 1974), 
was the main psychophysical method implemented in this study. This procedure required that subjects completed series of 100 
consecutive trials, each trial lasting for approximately 25 seconds. A specific combination of DC fields and ion currents was presented in 
half these trials (the "signal trials"), whereas neither fields nor ion currents were presented in the other half (the "non-signal trials"). The 
outcome of any given trial corresponds to a decision by the participant as to whether there actually was a signal during a trial (Le., a DC 
field was present or absent); the participant also had to rate his or her confrdence that the signal was present or absent. The participants 
completed three such Series of signal detection, one without ion currents, the other two with concomitant ion current densities of 60 and 
120 nA/m2. Each series was comprised of randomly mixed non-signal trials, low DC field intensity signal trials and high DC field 
intensity signal trials. Participants were 48 volunteers drawn from the general population. The 23 men and 25 women were aged 18 to 57. 
ROC curves were analyzed using maximum-likelihood estimation. This yielded in each observer, and for each combination of DC field 
and ion current density, a distribution-free parameter of sensitivity, the P(A) index. The P(A) sensitivity indices were averaged across 
observers in each group, and plotted against DC field intensity for each ion current density. Critical values representing DC fields just 
intense enough to be detected were inferred from the sensitivity cwes .  Overall, there was a significant increase in sensitivity from lower 
to higher DC field intensities (p<.OOl), as well as from lower to higher ion current densities (pe.001). In absence of ions current, subjects 
were able to detect the presence of DC fields, but only at high intensities on average (A0 kV/m). Furthermore, the 60 nA/m2 ion current 
density facilitated the detection of DC fields by the most sensitive persons, whereas the larger one (120 nA/m2) entailed a dramatic 
lowering of sensory thresholds in a large majority of observers. These results were confiied by the analysis of sensory thresholds 
obtained using the psychophysical staircases. The methods implemented in this study can provide systematic information and normative pta about the sensory perception of DC electric fields and ion currents in humans. - h c  Nguyen, "Exposure Chamber for human perception of DC electric field and ions", BEMS, Lake Buena Vista, Florida, 14-19 
July 1992 
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Ip-39) 
HYPERTHERMIA-INDUCED CHANGES IN BEHAVIOR AND STRESS PROTEINS ARE ALTERED BY 
THERMOTOLERANCE AND NALTREXONE. 

USA. 

B.L. Cobb', P.A. Mason2, J. Doyle*3, S.T. Farrell*l and G.A. Mickleyl. 
Armstrong Laboratory, Brooks AFB, TX USA. 20perational Technologies Corp. 3Systems Research Laboratories, Inc., TX 78235-5324 

Our previous reports indicate that microwave-induced (Mw) hyperthermia can disrupt a putative working memory task (Ennaceur, et al., 
1988) and that a single previous MW episode significantly attenuates this effect and induces thermal tolerance (Mickley et al, 1994). The 
current study illustrates that c-fos protein production is a correlate of these effects and that naltrexone can antagonize the disruption in 
behavior. Furthermore, some heat shock protein (72/73 kD) expression was found at our microwave exposure levels. On day one, rats 
were either exposed over a 20 min period to 600 MHz microwaves (at whole body Specific Absorption Rate of 9.3 W/Kg) or sham 
exposed. Just prior to exposure, rats received either saline or naltrexone (0.1. 1 or 10 m a g ,  ip). The following day, (day 2) rats were 
either MW or sham exposed and tested on a task which measures the relative time subjects explore a familiar versus a novel stimulus 
object. Normal rats spend significantly more time in contact with new environmental components and less time with familiar objects 
(Ennaceur et al., 1988). Brain (dural) and rectal temperatures were recorded on both days of the study. Coronal brain sections from rats 
euthanized either 2 or 6 hrs after the end of the experiment (day 2) were immunocytochemically stained to reveal c-fos proteins or heat- 
shock proteins (72/73 kD, HSP), respectively. Microwave exposure induced a reliable hyperthermia, which was significantly lower (on 
day 2) in rats receiving repeated exposures (tolerant). On the behavioral test, rats exposed once to microwave-induced hyperthermia 
exhibited significantly different patterns of object discrimination than did sham exposed animals. Sham animals showed a distinct 
preference for the new object while the nontolerant exposed animals did not. Thermal tolerant animals were not signifcanfly different 
from normothermic control (sham) animals. Naltrexone (1 and 10 m a g )  antagonized the hyperthermia-induced disruption of the object 
discrimination task, suggesting that endogenous opioids play a role in the organism's response to heating. 
C-fos proteins were expressed more intensely in the MW exposed animals than sham exposed animals, and there was more brain c-fos 
expressed in tolerant rats than nontolerant rats. It appears that naltrexone decreased the expression of the c-fos protein in the tolerant and 
non-tolerant rats (paraventricular, cenlral grey, thalamic, hypothalamic, red, and cortical nuclei). We saw little expression of heat shock 
protein in our microwave exposed rats, but noticed that higher doses (brain temperature 41.5 "C), did produce significant expression. 
Expression of C-fos and HSP proteins was nuclei specific, perhaps indicative of brain areas which mediate the behavioral changes we 
observed. 

Ip-411 
EFFECTS OF COMBINED EXPOSURE TO LOW LEVELS OF NONIONIZING AND IONIZING RADIATION ON RATS 
CONDITIONED RESPONSES. V. Varetsky* and M. Rudnev*. Ukraine Research Center of Radiation Medicine, Kiev-50,254050 
Ukraine. 

White male rats of 200-300g were exposed to MW (CW; 2450 MHZ, .27 mW/g per 1 mW/cm2, for 3 h) in an unechoic chamber and to 
ionizing radiation (137Cs source). Conditioned responses were tested in shuttle boxes before exposure, and 1,5, 10,20, and 30 days after 
exposure. Light from an incandescent lamp (3.6 W) and an electrical foot shock (.8 mA) were used as conditioned and unconditioned 
stimuli, respectively. Each test consisted of 100 trials. Each trial consisted of 3 phases: 1) pause (21 then 19 sec), 2)  action of conditioned 
stimulus (4 sec), .3) action of both conditioned and unconditioned stimuli (25 sec). Two series of experiments were carried out. In the first 
one the animals were exposed to .5 G (.31 Gy/min) of ionizing radiation and .5 mW/cm2 of MW. In the second, animals were exposed to 

radiation 4) exposed in sequence, MW then gamma, 5) exposed in sequence, gamma then MW. MW exposure at power density of .5 
mW/cmZ failed to cause significant changes in the animal behavior while at power density. of .25 mW/cm2 caused a slight decrease in 
reaction latency and tendency to increase the number of conditioned responses. Gamma-radiation at a dose of .5 Gy caused a significant 
increase in reaction latency, and a decrease of the conditioned and interstimulus response number on the 1st day after exposure. Ionizing 
radiation at dose of .25 Gy caused a significant decrease of reaction latency and insignificant (p< .l) increase of conditioned responses 
number on the 5th day after exposure. Combined exposure in sequence, MW then gamma (.5 mW/cm2, .5 Cy), caused monotonous 
decrease of reaction latency, increase in number of conditioned responses and a decrease in the number of trials before the first conditioned 
response during 30 days after exposure. Exposure in the sequence, gamma then MW, caused a significant increase in the reaction latency 
and a tendency to decrease the number of conditioned responses on the first day after exposure. Combined exposure in the sequence, MW 
then gamma (.25. rnW/cm2, .25 Gy), caused a decrease of reaction latency and an increase in the number of conditioned responses on the 
first day after exposure. Changes in the rats behavior caused by combined exposure to ionizing and nonionizing radiation in the sequence, 
MW then gamma, are similar to changes in the animals exposed to gamma-radiation. After combined exposure in the sequence, gamma 
then Mw, resulted in an insignificant inhibition of conditioned behavior during the whole observation period after exposure. Temporal 
dynamics and pattern of the conditioned behavior changes under combined exposure suggests that preliminary exposure to nonionizing 
radiation causes activation of the organism adaptation processes, while preliminary exposure to ionizing radiation causes their decrease. 

.25 Gy (.36 Gy/min) and .25 mW/cm 1 . In each case 5 groups of animals were used: 1) intact, 2) exposed to MW, 3) exposed to gamma- 

Ip-431 
BEHAVIOR EFFECTS OF ALTERNATING MAGNETIC FIELDS 50 HZ. M.A. Navakatikyan* and S.V. Zotov*. Ukrainian 
Scientific Hygienic Center, Kiev-94,253660 Ukraine. 

Behavior of animals immediately after exposure to 50 Hz magnetic fields was assessed using retention of active avoidance conditioned 
reflex in a shuttlebox. The stability of parameters of condition reflex allowed for the consideration of individual characteristics of the rats 
and greatly increased the sensitivity of the method (Navakatikyan M.A. Zhumal vysshei nervnoi deyatelnosti imeni I.P. PavIova, 1992,42, 
812-818). Decrease of latency and increase of the number of conditioned reactions, intersignal reactions and some other indices were 
considered as behavioral activation; opposite changes were considered as inhibition. Inbred white rats aged 3-6 months (170-35Og) were 
used. The animals were exposed to alternating 50 Hz magnetic field of 0.01-0.25 mT, group of 10 to 12 rats were maintained for single (.5 
to 24 h) and repeated (1 1 days, 23 h/day) exposures. Intervals between exposures did not exceed two weeks. The experiments were 
carried out using preconditioned animals. Some experiments were made at night time. The results compared with shamexposed groups 
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are summarized below. 

Ip45) 
50 HZ MAGNETIC FIELDS MAY AFFECT LEARNING. E. Lyskov*l, S. Medvedev*l. J. Juutilainen2 and 2. Alexanyan*l. 
IInstitute of the Human Brain, St. Petersburg, Russia. 2University of Kuopio, Department of Environmental Sciences, Kuopio, Finland. 

Recent in vitro and in vivo studies indicate that neurons are sensitive to low level ELF magnetic fields. However, few studies have been 
conducted about the impact of ELF magnetic fields on integrative functions of the human nervous system. The adverse effect of ELF 
magnetic fields on learning and memory were described in animals and human studies. Our previous data on human exposure for 15 min 
and 60 min to a 45 Hz 1.26 mT intermittent magnetic field also suggested a negative influence of the exposure on learning in Reaction 
Time Performance. In the present study we examined the dynamics of several performance measures in a two-hour exposure to a 50 Hz 
magnetic field. 
Twenty healthy volunteers (1 1 males and 9 females, 1940 years old) participated in the study. Ten volunteers were exposed to an 
intermittent (1s on, 1s off), 50-Hz magnetic field at 1.26 mT for a two hours. The other 10 volunteers were subjected to sham exposure 
under the same experimental conditions. All subjects underwent a battery of psychophysiological tasks: reaction time of choice (RTC), 
time between the target stimulus presentation and the volunteer's response; sequence search task (SST), search a digit sequence from 1 to 
25 on a space-randomized "digital field"; target deletion task 0, deletion a particular letter from a randomized letter matrix. They 
performed the battery 8 times with 15 min intervals without preliminary mining. 
The exposed subjects showed an increase of mean RTC vs control group that indicated an impairment of learning. The same interpretation 
could be done for the difference between trends in SST for exposed and control group. A decrease of performance time was observed only 
in the control group. Data obtained demonstrate that learning in specific tasks: RTC and SST can be affected by 50 Hz magnetic field 
exposure. Further research should be directed at examining effects of ELF magnetic fields on different types of human memory and 
learning as well as on their neurochemical basis. 

I CANCER PROMOTION 1 
Lp-471 
60 HZ MAGNETIC FIELD EXPOSURE AS A POSSIBLE CANCEF PROMOTEF IN AN ANIMAL MODEL OF 
MELANOMA. J.W. Rhodes1, J.L. VandeBerg2, W.R. Rogers', E.S. Robinson , G.B. Hubbard and A. De 

and 3Deparunent of Laboratory Animal Medicine, Southwest Foundation for Biomedical Research, San Antonio. Tx 78228 USA. 

s Santos4. lDeparunent of Biosciences and Bioengineering and 4 D e ~ e n t  of Inshumentation Systems, Southwest Research Institute. L4 Department of Genetics 

We are investigating the hypothesis that 60-Hz magnetic field (MF) exposure might act as a cancer promoter. The Brazilian gray short- 
tailed opossum ( M o d e l p h i s  domeszicu) shares with humans the susceptibility to melanoma from exposure to ultraviolet (W light; 
cutaneous application of a carcinogen is not required. Monodelphis subjects enter our experiment at birth and Continue until necropsy at 8 
weeks of age, the time of weaning. Two groups of MonodcZphis litters, with dams, are beiig used. The experimental group (MF + UV) is 
housed in a 60-Hz MF exposure device; the control group (W only) is housed in a sham 60-Hz MF exposure device. The MF is activated 
for 20 hours out of a daily 24 hour period for 8 weeks. The MF is produced by a set of vertical and horizontal coils in a 2 m2 PVC pipe 
structure. Each coil is a Rubens 5-square coil with a turns ratio of 57:12:30:12:57. The coil set uces a WHz, circularly-rotating MF 
vector with an rms flux density of 50 pT (500 mG). Harmonic distortion is less than 1%. and R homogeneity is 95% within the center 1 
m2 volume in which the subjects are housed. The control group is housed in an identically-appearing structure, without coil windings. 
W B  exposures for both groups take place during the daily 4 hour period when the MF coil set is deactivated. UVB is produced by a pair 
of fluorescent tubes emitting light in the "B" wavelength band (280-320 nm). The total dose per exposure is 25 mJ/an2 (250 pW/cm2), 
given over a 100 sec period. W B  exposures are administered once daily, every other day, for the first 18 days of life. During this period, 
the hairless sucklings are firmly attached to their dam's teats, allowing an entire litter to be simultaneously exposed to UVB by placing the 
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dam in a cage with a wire mesh bottom and exposing from below, with a distance of 39 cm from the fluorescent tubes. At the end of 1993, 
12 litters (82 subjects) in the control group and 9 litters (70 subjects) in the exposed group have completed the UVB exposure regimen. 
Litters will continue to enter the study until at least 100 subjects per group reach necropsy. A veterinary pathologist, experienced with the 
melanoma model but without knowledge of the group status of each subject, will count melanocytic lesions. The number of lesions is 
predicted to be three times greater for MF-exposed animals. If a statistically-sigcant difference between groups is found, it will indicate 
that the MF promotion hypothesis can be correct. Statistical computations suggest that the experiment will have a power of 0.93 with 
alpha = 0.05. 
This research was sponsored as Project 12-9767 by the Advisory Committee for Research of Southwest Research Institute. 

Ip-491 
CLINICAL PROGRESSION OF LEUKEMIA IN RATS EXPOSED TO 60 HZ MAGNETIC FIELDS. L.B. Sasser, J.E. Moms*, 
C.E. Mitchell*, RL. Buschbom*, D.L. Miller and LE. Anderson. Battelle, Pacific Northwest Laboratories, Richland, WA 99352 USA. 

Associations between exposure to 60-I-k magnetic fields in residential and occupational environments and the incidence of leukemia and 
other cancers have been suggested by the results of a number of epidemiology studies. In efforts to address these potential associations, 
several animal studies have been conducted or are in progress to determine whether magnetic field exposures can be shown to initiate 
and/or promote carcinogenesis or could be involved in the progression of the disease. The purpose of this study is to determine if 60-Hz 
magnetic fields can alter the clinical progression of leukemia. 
An animal model for LGL leukemia was developed using the male Fischerl344F rat. Spleen cells from aged leukemic rats were 
transplanted into young rats, producing leukemia in a relatively short period of time. We have previously demonstrated that the time 
course of this disease can be manipulated by judicious selection of the number of cells used in the transplant inoculae or by whole body 
irradiation of the animals with Cobalt-60. This model provides a useful tool for addressing the question of whether clinical progression of 
leukemia is altered in animals exposed to a magnetic field. 
FischerB44F rats were procured and individually housed in a 60-Hz magnetic field exposure system. A total of 504 animals were 
randomly assigned to four treatment groups (126/group) as follows: (1) 10 G, (2) Null Energized Field (-20 mG), (3) Ambient Controls 
(4 mg), and (4) Positive Controls (5 Gy whole body irradiation from Cobalt-60 4 days prior to initiation of exposure). At the initiation of 
exposure or sham-exposure, all rats were injected (ip) with 2.2 x lo7 fresh, viable LGL leukemic cells. The fields were activated for 20 
hours per day, 7 days per week and all exposure conditions were superimposed over the natural ambient magnetic field. Eighteen rats from 
each treatment were bled, sacrificed and evaluated at weeks 5 , 6 , 7 , 8 , 9  and 11 weeks of exposure. An additional group of 18 animals per 
treatment were bled at weeks 0, 2, 4, 5, 6, 7, 8, 10, and 19 weeks to monitor the clinical progression of the LGL disease. Biological 
endpoints include: weekly body weights, splenomegaly, changes in white blood cell indices (total nucleated cells, % LGL cells, and 
differential counts), changes in red blood cell indices (total red blood cell count, packed cell volume, and hemoglobin), platelet counts, and 
staging of leukemic progression based on LGL cell infiltration in spleen and liver tissues. In-life studies are completed and results are 
being evaluated. Preliminary results suggests a significant decrease in body weight for the positive control animals, but no change among 
other treatment groups. 
Work supported by EFW under contract RF' 2695-16. 

IP-511 
INFLUENCE OF RANDOMLY VARIED (RMS) POWER FREQUENCY MAGNETIC FIELDS ON MICE: EXPERIMENTAL 
DESIGN. L. de Jager and L. de Bruyn*. Department of Anatomy and Cell Morphology, Faculty of Medicine, University of the Orange 
Free State, Bloemfontein 9300, South Africa. 

Recent studies suggest that there may be an interaction between ma etic fields and biological systems. It has been suggested that EMF 

conditions that produce these interactions are still urhown, but epidemiological studies do suggest a possible link between cancer and 
exposure to magnetic fields of the type generated by high voltage power lines. We thus designed a double blind study to evaluate the 
effect of power line magnetic fields on two strains of mice. Three generations of mice of the AKR and Balb/C strains will both form an 
exposed and sham-exposed group (n=20 for each generation in all the groups). AKR is a high risk leukemia strain in which 80% of 
females and 70% of males will develop leukemia, with a mean life span of 39 weeks for females and 46 weeks for males. Mice of the 
Balb/C strain are refractory to spontaneous lymphatic leukemia, with an average life-span of 74 weeks. The mice will b exposed from 

the AKR and Balb/C strain will be allowed to die naturally. To assess the carcinogenicity of the magnetic fields, the frequency and kinetic 
profile of mice with leukemia will be investigated in the AKR strain. To further evaluate the effect of power line magnetic fields, the 
following general biological parameters will be examined in both strains. a) reproductive ability - by calculating the fertility rate, and by 
perfodng sperm counts and histological studies on the testes and ovaries; b) growth rate by determining mean mass at birth, at weaning- 
age and at sexual maturity; c) detailed evaluation of all newly born pups and recording of deaths at birth, d) determination of serum 
corticosterone values; e) pineal function an& f) life-expectancy evaluation and pathological examinations of relevant tissues. Whole 
animal studies on EMF can be designed with many possible variabons in exposure conditions and biological status. With our present 
relatively limited knowledge on EMF exposure-effects choices made for animal toxicology studies are essentially arbitrary. We thus 
designed a project evaluating a broad spectrum of biological endpoints. The project will commence in January 1994 and available 
preliminary results will be presented in June 1994 at the BEMS meeting. 
1. Adey WR, (1988). Cell membranes: the electromagnetic environment and cancer promotion. Neurochem Res 13: 671-677. 
2. Lyle DB, Schechter P, Adey WR, Lundak RL, (1983). Suppression of lymphocyte cytotoxicity following exposure to sinusoidally 
amplitude modulated fields. Bioelectromagnetics 4281-292. 
3. Pretorius PH and de Jager L, (1994). Exposure arrangement to be used in studying the promoting role of randomly varied (RMS) power 
frequency magnetic fields as a leukemia promoter. 1994 BEMS meeting, Copenhagen, Denmark. 1994. 

acts as a promoter or co-promoter (not initiator) in carcinogenesis gn or through effects on the immune response*. The exact exposure 

conception for 24h per day to a rms magnetic field randomly varying between 0.5 pT and 77pT with an average of 2,75kT 4 . Mice of both 
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I p - 5 3 )  
LGL LEUKEMIA : A TRANSPLANTATION MODEL FOR EXAMINING THE CLINICAL PROGRESSION OF CANCER IN 
RATS EXPOSED TO VARIOUS INSULTS. J.E. Morris*, L.B. Sasser, C.E. Mitchell* and LE. Anderson. Battelle, Pacific Northwest 
Laboratories, Richland, WA 99352 USA. 

Large granular leukocytic leukemia can serve as an effective model for examining the effects of chemical and physical agents on the 
clinical progression of the carcinogenic process. In the model, the leukemia is transferred to recipients by intraperitoneal (IP) injection of 
spleen cells from leukemic rats. There are a number of clinical changes that can be used as biological end points. These include 
hematological changes (white and red cell values), body weight, and histopathological evaluation. The leukemia is characterized by the 
presence of large cells with large reddish cytoplasmic granules. These cells initially appear in the spleen resulting in splenomegaly. 
Subsequent to the appearance of LGL cells in the spleen, the leukemia metastasized to the liver and lymphoid tissues of the abdominal 
cavity and then to the lymphoid tissues associated with the thorax region. Ultimately, the disease spreads to the peripheral lymphoid 
tissues (inguinal and auxiliary lymph nodes) and the anterior lymph nodes (eg. mandibular). As the disease spreads from the spleen, there 
was a consistent clinical pattern with a loss of body weight, decrease in red blood cells (RBC). an increase in nucleated 
polychromasia. Associated with the red blood cell changes, was an increase in white blood cells specifically, LGL cells 
in other leukocytes (lymphocytes, polymorphonuclear cells etc.). 
In summary, the model provided a series of end points for the continuous, as well as, termhal measurement of biolog 
accessing acute or chronic exposure of chemical and/or physical agents on the clinical progression of cancer. 
(Supported by EPRI under contract Rp-2695-16). 

Ip-551 
60 HZ ELECTRIC-FIELD-INDUCED ALTERATION OF ENOLASE ACTIVITIES IN CHICK EMBRYO RETINA CELLS. 
A.S.M.I. Nazar and S.K. Dutta. Molecular Genetics Laboratory, Department of Biology, Howard University, Washington, DC 20059 
USA. 

Chick embryo retina cells provide an excellent model to study the effect of a causative agent on a brain specific marker. Our interest was 
to study the interaction of 60-Hz elecmc fields on the expression of enolase because the y-y isoform of enolase, namely neuron-specific 
enolase (NSE), has been correlated with the development of neuronal and neuroendocrine tumors. The chick embryo eyeballs were 
enucleated from 7 day old eggs. Retina cells were removed and primary cultures were developed in 25cm2 tissue culture flasks using 
Dulbecco's modification of Eagles medium (DMEM) supplemented with 10% fetal calf serum. These retina cells were then exposed to 60- 
Hz elecmc Q fields for 30 min followed by measurements of the enzyme activity. The E field was applied in a sinusoidal wave form 
with a maximum applied field of 10 volts. The calculated E fields were 46.384 V-; calculated B fields were 0.022 nTms. The results 
showed that a short time of exposure (30 min) was sufficient to enhance the activity of enolase in exposed samples compared with 
unexposed conmols. Sham and control experiments were done for these studies to ensure that the homogeneous incubator environment, 
temperature, etc. were maintained for control and exposed cells. Because the higher levels of NSE have been correlated with the 
occurrence of brain and other cancers, the studies presented here are significant from the environmental pollution point of view. 
(Supported partly by an EPA grant, and partly by an institutional training grant from NIGMS-NIH). 

EXPERIMENTAL SUPPORT FOR A MECHANISM OF INTERACTION BETWEEN EM FIELDS AND ORGANIC CELLS IN 
THE ABSENCE OF OTHER CARCINOGENS. R. Coghill. Coghill Research Labs., Lower Race, Gwent, U.K. 

Despite a number of epidemiological studies identifying a correlation between various ill health states and EM field exposure, no 
mechanism of interaction has yet been proposed which can be underpinned by sound experimental evidence. 
The inhibiting effect of a weak ELF electric field on oxidative phosphorylation was first demonstrated by Abood in 1952 using rat brain 
mitochondria and homogenates( 1). In 1953 Goldblau and Cameron showed that chronic intermittent deprivation of molecular oxygen was 
sufficient to induce malignancy in rat myocardium tissue, even in the absence of any other carcinogen(2). Following these early findings 
one can plausibly speculate that the mechanism of interaction between EM fields and cells is at the inner mitochondrial membrane, where 
electron transport processes are vital for ATP synthesis, and where molecular oxygen acts as a final acceptor of electrons. 
EM field interference with oxidative phosphorylation can be demonstrated since such fields act as an uncoupling agent (like 2,4, 
dinitrophenol), and the influx of charged calcium (observed by Liburdy, 1992) effectively depolarises the inner mitochondrial membrane, 
blocking vital A" synthesis. (ATP Synthesis relies on a one unit pH difference and a simultaneous potential difference between the inner 
matrix space and the ineermembrane mitochondrial space of at least 160 mV). 
To test this hypothesis, intact rat brain mitochondria and their homogenised particulates were exposed chronically to electric fields 
equivalent to 200 V/m in air, and the rate of oxygen consumption and ATP synthesis were measured by means of a respirometer and a 
Warburg chamber. It was found that the effect of the field was to uncouple oxidative phosphorylation, thus lowering ATP synthesis while 
simultaneously increasing 0 2  demand. With chronic exposure intact cells surviving in a medium of bicarbonate and glucose reverted to 
fermentation means of ATP synthesis (via the Embden-Mayerhof rather than the Dickens Warburg pathway) and became malignant 
without any other carcinogen being present. Control cells liberally provided with oxygen under identical conditions did not become 
abemm. This proves that the effect on organic cells of chronic exposure to a weak ELF electric field is to initiate (not simply promote) 
carcinogenesis by forcing a change in the respiratory pathway from the respiratory to the fermentationary. Whether this process is 
reversible or not after cessation of exposure depends on the duration of exposure and other unknowns, such as the presence of toxic amines 
which could bind to exposed and unoccupied binding sites in the cytochrome systems (as shown by Koch, 1961). 
1. L.G. Abood (1952) Am. J. Physiol. 176: 247-252 
2. H. Goldblatt & G. Cameron (1953) J. Exper. Med. 97: 525-552 
3. WP. Koch, (1%1) The survival factor in neoplastic and viral diseases, Natural Immunity Series, Detroit, 1961. 
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Ip-59) 
IN VITRO INDUCTION OF PROLIFERATION OF C6 RAT GLIOMA CELLS BY 60 HZ MAGNETIC FJELDS. M. Houde*, P- 
O. Fsteve*, G. Mercier* and R. Mandeville. Institut Armand-Frappier, Immunology Research Centre, Laval, Quebec, Canada H7N 423. 

Magnetic fields (MF') have been reported to have a number of biological effects on the nervous, system. In our study, we determined the 
effect of an in vitro exposure to a 60-Hz MF on the proliferation of C6 rat glioma cells. The exposure system contained two identical units 
allowing the simultaneous study in the presence and in absence of MF. Temperature was constant (37 OC + 0.2 O C )  throughout the 
experiments and the background MF in the control unit was 1 pT. The experiment was repeated four times: C6 cells were exposed at two 
cell densities (1 and 2 x 104) in culture medium containing 15% horse serum and 2.5% fetal bovine serum; cells wae exposed for four 
days at 37 OC (in a 5% C atmosphere) to a 60-Hz linear sinusoidal wave MF intensity of 400 IT. Cells were then fixed with 

showed an increase (from 6 to 32%) of cell prolieration for all samples exposed to MF when compared to control (Table 1). Effect of MF 
was also tested in presence of a classical tumor promoter, phorbol 12-myristate 13-acetate (PMA; 100 ngimL): the increase of cellular 
proliferation (from 8 to 18%) observed in PMA-treated cells exposed to MF was not statistically different from that observed with 
untreated cells exposed to MF. Evaluation of other parameters. such as phagocytosis, secretion of gelatinase and transcription of 
protooncogenes, is presently under investigation in C6 and other glioma cell lines. These results suggest that, under our experimental 
conditions (60-Hz MF of 400 pT), MF can stimulate the growth of tumor glioma cells. 

Table 1. Effect of a 60-Hz MF (400 pT) of the proliferation of C6 rat glioma cells. 

formaldehyde (5% in PBS) an 9 stained with 1% crystal violet before determination of optical density at 540 nm. In all experiments, results 

I MELATONIN STUDIES I 
I P - 6 1 1  
A TECHNI UE FOR THE STUDY OF PINEAL CELL, RESPONSE TO MAGNETIC FIELDS. L.A. Rosenl9.B. Lyle2 and ML. 
Swicord2. ?Division of Research Grants, National Institutes of Health, Bethesda, MD 20892 USA. 2CDRH, Food and Drug 
Administration, Rockville, MD 20857 USA. 

Several laboratories have reported suppression and time phase shifts of pineal gland melatonin levels in response to exposure to electric 
and/or magnetic fields. There is a need to explore the basis for, and biochemical sigmficance, of this suppression. One possible hypothesis 
is that pineal gland function is altered by externally applied fields acting directly on .individual cells rather than through an indirect effect 
on the nervous system. A technique for the isolation of individual pineal cells(1). based on papain enzymatic digestion of the whole 
glands, has been modified to provide viable suspensions of individual cells from rod nts for exposure to magnetic fields. The technique 
provides up to 0 9.5 percent viability (nypan blue exclusion) with averages of 6 x IOf- 1 x lo6 cells per gland. After 24 hours of culture, 
pineal gland suspensions were added to 50 ml cenaifuge tubes in two vertically oriented solenoids in a single circulating flow-through 
water bath maintained at 37 OC. Cells were exposed to a 60 Hz, 5 G, sinusoidal magnetic field for two hours. Background level of control 
exposure was d mG. Periodic evaluations demonstrated that cells remained viable (trypan blue exclusion) during the entire experiment. 
Cells were labeled .with the intracellular calcium-sensitive fluorescent dye fluo-3, whose intensity of fluorescence increases as the 
intracellular Concennation of calcium increases. Fluo-3 fluorescence was determined using a flow cytometer. in which up to 5,000 cells 
were analyzed individually per time point. Preliminary results demonstrated a trend towards a reduced baseline (non-stimulated) level of 
calcium in individual cells. Following baseline measurements, norepinephrine (10-3M) was added, and two subsequent time points were 
taken to assess the transient calcium increase in the pineal cells. Three separate experiments demonstrated an enhancement of a 
norepinephrine-induced 15 to 20 percent increase in free intracellular calcium in magnetic field exposed cells over controls. .These results 
demonstrate a new method for assessing biochemical and physiological responses of isolated pineal cells. In addition, these data raise the 
possibility that 60 Hz magnetic fields may alter pineal gland function by directly affecting calcium concentrations in individual pineal 
cells. 
1. Schaad, N.C., Parfit4 A., Russell, J.T., Schafher, A.E., Korf H-W, and D.C. Klein. 1993. Single-cell [Ca2+]i analysis and biochemical 
characterization of phealocytes immobilized with novel attachment peptide preparation. Brain Research 614251456. 

Ip-631 
ELLIPSOIDAL MAGNETIC FIELD EXPOSURE FOR 6 WEEKS HAS NO EFFECT ON PINEAL OR PFASMA MELATONIN 
CONCENTRATION OF THE RAT. M. Kato', K. Honnmal, T. Shigemitsu2, M. Yasui3 and T. Kikuchi . lHokkaido University 
School of Medicine, Sapporo 060, Japan. 2Central Research Institute of Electric Power Industry, 1646 Abiko, Chiba, Japan. 3T0ky0 
Electric Power Co., Tokyo 100, Japan. 

Circularly polarized 50-Hz magnetic field exposure for 6 weeks to Wisrar-King rats reduced melatonin concentration of both plasma and 
pineal gland at 1 pT (spatial vector) and stronger field strengths (Kato et al., 1993). Subsequently we (Kato et al., 1993 submitted to 
Neuroscience Letters) have investigated the effect of horizontal or vertical 50 Hz, 1 pT magnetic field exposure for 6 weeks with no effect 
on melatonin concentration in plasma and pined gland. As a continuation of the study, we have tested the effects of 50 Hz ellipsoidal 
magnetic field exposure for 6 weeks on plasma and pineal gland melatonin concentration. Magnetic field was ellipsoidal of which the ratio 
of major:minor axis was 4:1, and the strength of major axis was 6.8 pT. A concurrent shamexposed group was exposed to a stray field of 
0.1 pT. The ellipsoidal magnetic field was so simulated as to the ground level exposure in the vicinity of double circuit transmission line 
of low reactance phase arrangement. Subjects were killed at 1290 h or at 24:OO h for collection of blood and pineal gland: melatonin was 
determined by radioimmunoassay. Plasma melatonin contents of the exposed group were 17.6 f 1.2 pgjml (mean f standard error, n=24 

98 



for all data points) at 1290 h and 68.5 k 2.8 pg/ml at 24:OO h. The values of the sham-exposed group were 17.9 f 1.0 pg/ml at 12:OO h and 
69.9 & 2.1 pg/ml at 24:OO h. There were no statistically significant differences between the values at 12:OO h as well as between the values 
at 24:OO h. Melatonin concentrations of the pineal gland were 117.5 f 7.9 pugland at 12:OO h and 1812.7 f 109.7 pg/gland at 24:OO h in 
the exposed group. The values of the shamexposed group were 135.1 f 10.3 pglgland at 1200 h and 1865.9 f 73.6 pg/gland at W.00 h. 
Statistical analysis showed that there were no significant differences between the values at 12:OO h, nor at XOO h. These results indicate 
that exposure for 6 weeks to ellipsoidal magnetic field has no effect on the pineal gland function, which is similar to the results after 
exposure to horizontal or vertical magnetic fields. Combined with the results of circularlly polarized (Kato et al., 1993), ellipsoidal and 
vertical or horizontal field Qato et al., 1993), we propose that characteristics of the magnetic field should be considered for evaluation of 
the field effects. 

' 

lpds) 
REGULATION OF PINEAL MELATONIN SYNTHESIS BY MAGNETIC FIELD EXPOSURE: IMPLICATIONS FOR 
CANCER. RJ. Reiter, B. Poeggeler, L-D. Chen, D-X. Tan, M. Abe, M. Hara, P. Orhii and L. Barlow-Walden. Department of Cellular 
and Structural Biology, University of Texas Health Science Center, San Antonio, TX 78284 USA. 

The exposure of experimental animals to either pulsed static magnetic fields @W) or to sinusoidal MF has been shown to reduce the 
production and secretion of melatonin by the pineal gland in mammals at night. This effect has been reported, most frequently in rats, 
when the exposures were of short duration, Le., acute (in the case of the pulsed static MF) or chronic (in the case of sinusoidal MF). 
Associated with the reduction in pineal and blood melatonin levels after such exposures has also been a reduction in pineal levels of 
CAMP, the intracellular second messenger that mediates the rise in nocturnal pineal melatonin production, and In the activity of the rate 
limiting enzyme in melatonin synthesis, N-acetyltransferase. (NAT). When a change in melatonin production has been seen as a 
consequence of MF exposure, the direction of change has always been toward a reduction in the activity of the pineal glane never has a 
stimulation of melatonin synthesis been observed. Not all studies, however, have shown the pineal gland to respond to an altered MF 
environment. The differential responses of the pineal gland to MF are presumably a consequence of different exposure parameters 
between studies. In an attempt to secure more uniform results, a Merritt coil system was constructed (by Electric Research and 
Management, supported by the Elecmc Power Research Institute) in San Antonio. The facility Is computerized and provides a very highly 
uniform field between the coils (*4%). The facility allows the use of many different field parameters. Two Identical sets of coils were 
constructed to permit sham exposures which duplicate, as closely as possible, the real exposure. In the initial study, rats were exposed to a 
pulsed static MF (lG, 5 msec rise/fall time, 1 sec Onloff, exponential) for 45 min beginning 4 hours aftm darkness onset. The exposure 
was done in a room illuminated with very dim red light (e5 pW/cm2 at cage level). At the end of the exposure period the rats were quickly 
decapitated and pineal glands were measured for their NAT activity and melatonin levels. Compared to shamexposed control rats, pineal 
NAT activity was reduced by 55% (pc0.01) while melatonin levels were 45% lower (pc 0,05) in the MF exposed rats: blood melatonln 
levels were also statistically significantly depressed (pc 0.05). The study was repeated using the identical exposure parameters except in 
this experiment the duration of exposure was either 30 or 60 min. At 30 min (but not at 60 min) pineal and blood-melatonin levels were 
again statistically significantly reduced (p e 0.05) in the MF exposed rats. The lack of a significant reduction in pineal melatonin levels 
after 60 min exposure suggests that the pineal adapts to the perturbed MF over time. The rapid rise/fall time, ie., 5 msec, may be important 
in inducing the observed changes since as previously shown by Lerchl et al (J. Pineal Res. 1O:lW-116,1991), the induced electric current 
(eddy current) which is caused by the rapid rise and fall may be mechanistically related to the reduced production of melatonin. Any 
reduction in nocturnal melatonin synthesis and secretion (induced by MF or any other. agent) could increase cancer risk since melatonin is 
a potent antioxidant which binds to nuclear DNA thereby protecting It from oxidative damage. Melatonin seems to be a specific scavenger 
of the highly toxic hydroxyl radical but, during its nonenzymatic degradation, it may also scavenger a superoxide anion. DNA damage by 
free radicals, if it goes unrepaired, may mutate and a m o r  may result. Thus, if there Is a cancer risk associated with electromagnetic field 
exposure, as has been suggested by some epidemiological studies, then a reduction in melatonin induced by MF could be a causative 
factor. Such a mechanism would also explain the wide variety of tumor types that have been reported. 
Supported by a contract from the Electric Power Research Institute, Palo Alto, CA. 

Ip-671 
AN IN VITRO TROUT PINEAL ORGAN CULTURE SYSTEM FOR STUDYING ENVIRONMENTAL FACTORS ON PINEAL 
MELATONIN METABOLISM. F.C. hung*, R.D. mesenberry*, M. Welt* and DL. Miller. Battelle, Pacific Northwest Laboratories, 
Richland, WA 99352 USA. 

Establishment of in vitro systems is an important element in the study of possible molecular mechanisms that may participate in electric 
and magnetic field effects on pineal melatonin metabolism. Such in vitro system allow a determination to be made of potential direct 
interaction of the fields with the gland or its individual cells without the complication of possible intact nervous system responses. We 
have previously established an in vitro perfusion system using chicken pineal gland to examine magnetic field effects on pineal melatonin. 
Chicken pineal melatonin rhythmicity is maintained in a 24 hrs (lighddark) cycle synchronized with light. Since the melatonin rhythr? of 
the trout pineal gland has been reported to be very sensitive to light, we hypothesized that an in vitro perfusion organ culture system using 
the trout pineal gland would provide an alternative system for studying the effects of electric and magnetic field exposure on pineal 
metabolism. A single adult trout pineal gland is maintained in a perfusion system housed within a modified incubator that contains a 
regulated light source for modulation of the light/@rk cycle. The gland is maintained in a viable condition within the perfusion chamber 
by continuous flow through of medium at 10-12 C for up to 24 hrs. Melatonin secreted by the cultured pineal gland is measured by a 
melatonin radioimmunoassay using 1251-melatonin as the tracer. Perfusate samples are collected into a fraction collector and are 
subsequently kept frozen at -20 "C until assays are performed. Results indicate that the trout pineal gland maintains a strong rhythm of 
melatonin cyclicity in vitro when cultured under either 2 or 4 hr L/D cycles. These results demonstrated that the trout pineal gland is 
sensitive to light and the melatonin cycles are regulated by the light/dark cycle. Thus, this in vitro organ culture of trout pineal glands 
appears to provide a method for investigating possible direct effects of magnetic fields on melatonin metabolism in short term experiments. 
Effects of reversed dc magnetic fields are under investigation. 
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(p691 
PINEAL-HYPOTHALAMIC TRACT MEDIATION OF PICOTESLA MAGNETIC FIELDS IN THE TREATMENT OF 
EPILEPSY AND PARKINSON'S DISEASE. J.I. Jacobson. Alzheimer's Research Foundation, Jupiter, FL 33477 USA. 

The objective of this study was the determination of clinical efficacy of utilizing picoTesla magnetic fields in the treatment of epilepsy and 
F'arkinson's disease. The method utilized involved the exogenous application of physiologic, very weak magnetic fields to the brain. A 
material patch (3 inches x 3 inches) consisting of 16 small coils was placed on the head in the area of the pineal gland, producing a field 
magnitude of 7.5 picoTesla with a frequency of 2.5 Hz. The waveform used was sinusoidal. The magnetic field produced was in 
homogeneous but at the level of the pineal was calculated to be about 0.7 nanogauss. Direct correlation of melatonin production with 
magnetic field stimulation was established by the measurement of plasma melatonin levels. It was found that melatonin production 
decreased when the external amplitude was between 5 and 25 picoTesla magnetic fields. It was found that epileptic seizures could be 
attenuated and reduced in number over an extended period of time. Additionally, in Parkinson's patients, tremor was dramatically reduced, 
muscular rigidity decreased, visual-spatial orientation of the patient improved and gait was improved. It appeared that a resonance 
situation was established between the magnetic field and melatonin which could be explained with Jacobson Resonance. It is possible that 
these studies could begin to point to some explanation of the mechanism of interaction between non-ionizing electromagnetic radiation and 
biological systems. Furthermore, the evaluation of the pineal gland as a magneto-sensitive gland may help us understand fundamental 
conditions in magneto-receptors of biological systems. Finally, the suprachiasmatic nucleus of the hypothalamus may be viewed as a 
mediator of cyclotron resonance to better understand the fundamental lesson in chronobiology. 

In the framework of a possible cancer promotion effect the role of melatonine is intensively discussed in the scientific community. It is 
proved that action potentials in the nervus opticus may lead to an inhibition of the melatonine production via the tractus retino- 
hypothalamicus. Normally the action potentials may occur by illumination of the eye, but also by inadequate stimulation by 
electromagnetically induced currents. 
The question results if weak electromagnetic fields may have an influence on melatonin production. We must differentiate between low 
fresuency fields (stimulating effects) and high frequency fields (thermic effects). 
In a long-time experiment domestic rabbits have been grown up in their natural environment - in boxes - both in low frequency fields and 
in high frequency fields under defined field conditions. 
Body weight, mobility, behaviour, food consumption, the number of new born rabbits per mother animal and the melatonine production 
were investigated. 
The results point out for different mechanisms of action in the case of low frequency and high frequency field exposition. 

jP-731 
A PILOT STUDY TO DETERMINE URINARY MELATONIN METABOLITE CONCENTRATIONS IN MENSTRUATING 
WOMEN. G.M. Lee1, B.W. Wilson2, SH. Swan1 and J.E. Moms2. lcalifornia Department of Health Services, Berkeley, CA 94704 
USA. 2Pacific Northwest Laboratory, Richland, WA 99352 USA. 

Melatonin metabolite concentrations in overnight urine samples were measured with the ultimate goal of assessing alterations in melatonin 
levels as a possible bio-marker for EMF exposure. In the present study, urine samples representing at least two mensaual cycles in each of 
30 women (15 electric blanket users and 15 non-users) were analyzed to determine possible effects of menstrual phase, season, and electric 
bed heater use on the production of melatonin, as determined by its principal urinary metabolite, 6-hydroxy melatonin sulfate (6-OHMS). 
Thus far, urine samples for half the participants have been analyzed. This data indicate that nightly urinary melatonin metabolite 
concentrations vary in a regular manner during the menstrual cycle for most women. Patterns of excretion can be grouped into 3 general 
categories: 1) those that show increased melatonin prior to ovulation, 2) those who exhibit increased melatonin levels after ovulation, and 
3) those that show a bi-modal increase in melatonin (both before and after ovulation). A common feature appears to be a midcycle 
reduction in melatonin concentration. Such a decrease has been described in the literature, based on plasma melatonin measurements. 
Also described in the literature is a late 1uWearly menses phase increase in urinary 6-OHMS concentrations. The "follicular phase only" 
increase in melatonin observed for some women in the present study, has not been previously described. Figure 1 graphs data typical of 
that obtained to date. It shows nightly urinary 6-0HMS excretion for 3 cycles from a single volunteer. Note, in this instance, the absence 
of a luteal phase increase in the first of the three cycles plotted. We will complete the melatonin analysis for the remainder of the samples 
and determine: 1) if these three cycle patterns are prominent, 2) if there is a seasonal or age effect and 3) a method to best summarize the 
data. We will then combine the 6-0HMS data with a larger data set consisting of information about demographics, menses, other 
exposures, and menstrual cycle hormones from these volunteers. The resulting summary data 
set will eventually be examined for possible effects of electric bed heater use on menstrual 
cycle hormones as they relate to menstrual function. 

aw f I 
1w1 . 

Figure 1, Urinary 6-0HMS concentrations in 3 different cycles from one subject in the study. 
Supported by the U.S. Department of Energy, Office of Energy Management, under DOE 
AC06-76RLO-1890FU to Pacific Northwest Laboratory and by the California Department of 
Health Services 
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I EXPOSURE ASSESMENT I 
CODES AS POSSIBLE MARKERS FOR RESIDENTIAL MAGNETIC FIELD EXPOSURE. V. Delpizzol and J.L. 

Borghesi*2. lAustralian Radiation Laboratory, Yallambie, Vic 3085, Australia. 2Department of Public Health and Community Medicine, 
University of Melbourne, Parkville 3052, Australia. 

We describe a feasibility study aimed at determining whether postal code numbers can be used to define cohorts useful for non-intrusive 
studies of some hypothesized health effects of residential exposure to magnetic fields. In many cases, databases exist which record the 
incidence of adverse health effects such as abnormal births. The identity or the address of the subjects are not easily obtained, but the 
general residential area is usually identified. We define a high-exposure cohort as a postcode area traversed by a high voltage transmission 
line and med by overhead distribution lines, while a low-exposure cohort is defined as a postcode area with predominantly underground 
power distribution. Cohorts must be generally comparable in other respects, such as socioeconomic status. We are determining whether a 
moderate association between exposure and endpoint can be detected using not unreasonably large samples. Two adjacent postcode areas 
satisfying the above definitions have been identified in Melbourne. Magnetic field levels are measured at every residential driveway and 
corrected for distance to give an approximate estimate of the field at the centre of the house. From these data, the distribution of residential 
fields in the two cohorts is obtained. To account for exposure received when away from home, personal exposure of hypothetical residents 
of these cohorts is obtained by averaging a value selected at random from the corresponding distribution of residential exposure and one 
selected at random from the distribution of environmental exposure in the greater Melbourne metropolitan area. The risk of adverse health 
effects is postulated to increase linearly with the time-weighted average of the ELF magnetic field exposure. Further, it is assumed that the 
minimum risk gradient that warrants detection is 0.33 mG-l- corresponding to an approximate doublig of the risk for an exposure of 3 
mG. The expected incidence of the endpoint of interest is calculated for the populations in the two cohorts using the respective 
distributions of personal exposure. The required sample size can be then evaluated. The results of this work, which is in progress at the 
time of this writing, will be presented. 

Lp-77i 
COMPARISON OF DIFFERENT METHODS OF ANALYSIS OF ELF EXPOSURE DATA AFFECTED BY MEASUREMENT 
ERRORS. J.L. Borghesi*1*2 and V. Delpizzol. Australian Radiation Laboratory, Yallambie, Vic 3085, Australia. *Department of 
Public Health and Community Medicine, University of Melbourne, Parkville 3052, Australia. 

We have extended previously reported work (1) by using computer simulations to compare the relative efficiency of different methods of 
analyzing partial, inaccurate arrd imprecise ELF exposure data in case-control studies. Four assumptions were included in the computer 
model: a) the sample size consisted of 600 cases and an equal number of controls, b) the risk function was linear with no threshold, c) true 
exposure was defined as the time-weighted average of residential, occupational and leisure time exposures, and d) exposure was assessed 
by residential spot measurements alone. Although polytomous analysis may be more powerful than dichotomous analysis (2), our findings 
showed that once misclassification is included in a model using three level classification, the power of the study (as measured by the 
probability of yielding a statistically significant trend) was lower than that estimated for dichotomous analysis. Since it has also been 
shown (3) that collapsing continuous data into discrete categories can result in a loss of statistical power, we also simulated continuous 
data analysis using logistic regression. When data simulating residential spot measurements collected in the .evening were used in the 
model, this method resulted in a marginal improvement over the power obtained with dichotomous analysis. Other risk functions and 
simulated measurement protocols are being examined. 
References 
1. Delpizzo V and Borghesi JL (1993). Effect of misclassification of exposure on the statistical power of epidemiological studies of 
magnetic field exposure and cancer. Abstract Book, Fifteenth Annual Meeting of the Bioelectromagnetics Society, Los Angeles, 
California, USA. June 13-17,1993. p 87. 
2. Schlesselman JJ, "Casecontrols Studies - Design, Conduct, Analysis", Oxford University Press, New York 1982, p 200. 
3. Selvin S. "Statistical Analysis of Epidemiological Data", Oxford University Press, New York 1991, p 83. 

1p-791 
THE USE OF A GEOGRAPHIC INFORMATION SYSTEM (CIS) TO ASSESS PUBLIC EXPOSURE TO 60-HZ MAGNETIC 
FIELDS. C.A. Spiering*l, J. Z m e r l ~ * ~ ,  R.D. Steams*l and J.M. Lee1. 1€30meville Power Administration, Portland, OR 97208 USA. 
2Advanced Data Concepts, Inc., Portland, OR 97232-2183 USA. 

Public interest and concern about the possible health effects of exposure to electric and magnetic fields (EMF) continues to grow. As a 
consequence, utilities and others face the need to consider potential field exposures when decisions are made about designs and locations 
for new electric power facilities. The Bonneville Power Administration (BPA) markets the electric power, produced by Federal 
hydroelectric facilities in the Pacific Northwest. Because of growing public concern and scientific uncertainty about EMF, in 1988 BPA 
adopted Interim Guidelines for dealing with this issue. One of the guidelines calls for staff to look for practical ways to not increase public 
or employee exposures to EMF. The guidelines were revised in 1992 and now EMF exposure is a major factor to be considered in 
decisions involving new transmission lines and substations. For all proposed transmission projects, EMF specialists first determine 
whether a potential for an increase in exposure exists, and if so, the increase is estimated. Our operational definition of exposure is the 
presence of occupied buildings located within an area where the calculated average magnetic field from a BPA facility is 1 mG or greater. 
For large projects, the exposure assessment process is done by using GIS to combine locations of buildings with calculated changes in 
magnetic fields. The process will be described by using a new project in progress involving 500-kV transmission as a case-study. In brief, 
the project involves three alternatives for rebuilding an existing 61-km long 230-kV transmission line which is located on a corridor 
containing two 500 kV transmission lines. The alternatives involve building, (1) a 230-kV doublecircuit line, (2) a 500-kV double-circuit 
line operated at 230-kV, or (3) a 500-kV double-circuit l i e  operated at 500-kV, and the existing 500-kV circuits operated at 230 kV. Each 
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alternative was broken into segments where significant differences in field levels would occur. For each segment, a BPA computer 
program was used to calculate magnetic fields out to 183 m on each side of the corridor. Calculations were based on estimated annual 
average current loading for the year 2000 for two cases: (1) with the existing transmission lines, and (2) with the alternatives in place. A 
GIs is a set of computer hardware and software that links map data with attributes about map features. In this case, GIS was used to link 
locations of homes and buildings from aerial photographs, with calculated magnetic fields at the comer of each building nearest the 
transmission lines. The final product is a series of tables that show for each segment, the numbers of buildings expected to experience 
either increases or decreases in magnetic field strength. These tables allow the public and the decision maker to compare the project 
alternatives in terms of their potential to increase magnetic field exposures. The tables also show how mitigation may reduce field 
exposures. In general, BPA's goal is to keep EMF exposures as low as reasonably achievable. In this case, alternative number 3 was 
developed in part to reduce both audible noise and EMF produced by lines in the comdor. The exposure assessment shows for each 
alternative, the number of homes that would experience increases in average magnetic fields of 1 mG or more. Although, exposures can be 
estimated, actual health risk assessments are not done at this time because of the uncertainty in the scientific studies of EMF. 

t 

L P - 8 1 1  
INVESTIGATION OF THE ASSOCIATION BETWEEN RESIDENTIAL WIRE CODE CATEGORY AND MAGNETIC FIELD 
EXPO URE MEASURES. R.F. Rankinl, T.D. Bracken2 and R. Kavet3. Applied Research Services, Inc., Lake Oswego, OR 97035 

A study has been designed to examine the association between residential wire code category and 6O-Hz magnetic field exposure over a 
two year period. Other objectives of the study are to investigate the association between wire code category and other measures of 
magnetic field exposure and to assess the temporal stability of these measures over the duration of the study. The work described here was 
completed during the finit phase of the project, when the protocols and sampling strategies were developed and tested for feasibility. The 
study design incorporates a stratified random sample of houses from diverse geographic areas. Metropolitan Areas (MA) within the 
contiguous United States, as defined by the Office of Management and Budget, with populations greater than 100,OOO people were selected 
as the geographic entity to be used for the sampling frame. A stratified random sample was developed based on strata believed to be 
associated with residential magnetic field levels. The strata chosen were: average residential electricity consumption for the state in which 
the MA was located and housing density in housing units per square mile based on the 1990 Census. The MA's were dichotomized into 
high and low categories on both strata dimensions. A random list of MAS was produced for each of the four resulting strata categories. 
Two sites were selected from each strata with no more than one Census Region (Northeast, Southeast, Midwest, or West) represented in a 
strata. The randomly selected MA's were required to be served by an EPRI member utility which had a minimum of l0,OOO residential 
customers in the MA. Only single-unit, principal residences of conventional construction are included in the study. A random list of 
residences is prepared by the utility and participation by the residents is solicited by telephone using a common calling protocol. Each 
house whose residents agree to participate is tentatively assigned to a wire code category by personnel at the utility according to protocols 
and category definitions provided by the study. A more rigorous characterization of the electrical system near the house is done by the 
measurement team during their initial visit to the house. They collect detailed information on the nature and quantity of transmission l i e s  
within 300 feet of the residence as well as distribution elements within 150 feet of the house. Because previous studies have reported that 
houses in the VHCC wire code category are relatively rare, the residence selection process targets this category. In addition the first 50 
houses on the random list are wire coded to estimate the distribution of houses across wire code categories at the site. At each randomly 
selected utility site, 24 or 27 houses will be visited six times over two years for the purpose of collecting magnetic field measurements. 
Each visit entails a trip to the house to make measurements and deploy instruments; a two day period of data collection; and a trip to 
collect the insments.  All trips are scheduled and coordinated by utility personnel with a representative of the utility in attendance during 
every trip to the residence. Instruments are left at the house over a two day period to collect personal exposure and long-tern stationary 
measurements. Four types of magnetic field measurements are performed. Personal exposure measurements are made using an EMDEX- 
II which the residents wear at the house while maintaining a simple diary of when the instrument is worn (EMDEX insmentation: 
ENERTECH Consultants, Inc., Campbell CA). Long-term stationary measurements are collected by an EMDEX LITE located in a 
frequently occupied room away from any localized sources. Ground (or net current) at the house is measured by an EMDEX I1 Amp- 
Logger system which also contemporaneously measures local magnetic field levels. Finally, point-in-time m urements which record the 
dc magnetic field and the spectral content of the ac magnetic fields are collected by a Portable M 1 WavyM wave capture system at 
specified locations around the perimeter of the house and inside specified rooms (MultiWave%b System, Electric Research and 
Management, Inc., State College, PA). The fluxgate magnetic sensor for the wave capture system is mounted at a height of 1 meter in a 
hand-held staff and oriented in a fixed direction with respect to magnetic north at each house. In addition to the directly measured 
magnetic field parameters and information on the electric system near the house, data are collected on various characteristics of the 
residence including: electric energy consumption, the type of grounding, electrical wiring, presence of appliances and electric heating. 
Information about neighborhood attributes, household demographics, length of occupancy and the resident's status as owners or renters is 
also collected. The protocols have been tested on 24 randomly selected houses in an MA in New York State. In a subset of the houses 
during the pilot study, the wave capture system recorded magnetic field wave forms periodically over the two day data collection period. 
Sponsored by Electric Power Research Institute, Empire State Electric Energy Research Corporation and Tennessee Valley Authority 

USA. P T. Dan Bracken, Inc., Portland, OR 97202 USA. 3Electric Power Research Institute, palo Alto, CA 94303 USA. 

(EF'RI RP3533-1) 

A COMMENT ON 50 HZ MAGNETIC FIELD SAFETY LIMITS IN LIGHT OF THE FIELD POLARIZATION. N. Pekaric- 
Nadj, V. Kojic* and V. Dragic*. Faculty of Technical Sciences, 21000 Novi Sad, Vojvodina, Yugoslavia. 

The IRPA recommendations for 50/60 Hz allow magnetic field density of 100 pT for general public and 500 pT for professionals, during 
working hours. In our view these limits may not be safe enough, specially when rotating fields are present. One can meet rotating fields in 
the vicinity of the three phase transmission lines. If the respective currents of the transmission lines are: 
Il(t) = Im cos wt, 

130) = Im cos (ot4z/3), 
I2(t) = Im COS (wt-2~/3) and 
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as a consequence the magnetic field in the vicinity of the lines has two (or in general three) orthogonal components which differ in 
intensity and phase. Resulting vector rotates in space with frequency f=50 Hz and the field is ellipticaly polarized. How large area will be 
affected by the rotating field depends on many factors, primarily on the intensity of the currents and wire configuration. For example, a 
transmission line with nominal current 200 A, consisting of three symmetrical bunches of wires in the same plane, 6 m far from each other 
and 10 m above the ground, produce rotational field in buildings under wires. 
Standard magnetic field meters with three axes probes are not able to detect whether the field is rotational or not, because in the case of the 
rotational field standard meter detects only the intensity which corresponds to the major axis of the ellipse. For this reason we designed a 
microprocessor based meter of our own which is able to detect the presence of the rotational field. 
What may be the biological effect of such field? Presence of the two orthogonal components seem not only to increase the resulting field 
intensity but also to increase the possibility for AC/DC resonant conditions, and by that effectiveness of such field., 
In order to start the investigation in this direction we explored a few locations in the neighborhood (1 10 kV, 200 A line, always B less than 
10 pT) in the zone of the rotational field. Four family houses and one small ambulance building were considered. Our fiidings were 
alarming. We found cancer patients in each place: House # 1 - ovarian tumor, 24 years old female, house #2 - breast cancer, 70 years old 
female (died), house #3 - leukemia, 9 years old female, house #4 uterovesical cancer, 43 years old female, ambulance - leukemia, 37 years 
old doctor, female (died), ambulance - ovarian cancer, 32 years old dentist, female. 

Ip-85) 
ELECTROMAGNETIC EXPOSURE SURVEY CASINO GAMBLING VIDEO MACHINES. J.D. Paz*l and J.L. Foley*2. lJ&L 
Environmental Services, Las Vegas, NV 89128 USA. 2Henderson, NV 89015 USA. 

The purpose of this survey was to evaluate casino patrons and workers who are exposed to potential levels of electromagnetic-field 
radiation (ELF). Prior to this study, a review of the professional literature concerning (ELn exposure from video gambliing machines was 
non-existent. The Finnish Institute of Occupational Health reported on a multi-year study that linked 0 generated by Video Display 
Terminals (VDT) with increased miscarriages among clerical workers. Specifically, pregnant women exposed to 3 milligauss (mG). 
Recently, two Swedish studies show a link between (ELF) and increased Leukemia risk among children and adult males, of a similar 
strength exposure to (ELF). Electromagnetic exposure measurements were performed in two stages. Measurements were performed when 
the machine is idle and secondly a set of measurements were recorded during the gambling cycle. Electromagnetic radiation 
measurements were recorded on a player, particularly to the following exposed meas of the head, hands, and chest, including the lower 
extremities while a casino patron was sitting at a video poker machine at a distance of 30 centimeters from the screen. Measurements were 
recorded using a Walker Scientific ELF filed Monitor ELF60D. Preliminary exposure levels indicated that during the machine cycle, 
were somewhat gather then the idle cycle. Player body exposure during machine standby condition were as follows: Head 24 mG, Hands 
20 mG Chest 4.7 mG and Lower Extremities 1 .O mG. Exposure levels during the active cycle of machine playing follows: Head 27.7 mG, 
Hands 19.0 mG, Chest 5.0 mG, and the Lower Extremities 1.1 mG. The electromagnetic radiation levels did not exceed current American 
Conference of Governmental Industrial Hygienists (ACGIH), Threshold Limit Values (TLV) for non-ionizing radiation for occupational 
exposure. Gamblers spend an inordinate amount of time at these video poker and similar machines. Their exposure levels exceeded the 
2.5 milligauss recommended by the Swedes, and may lead to the advent of health problems. The authors recommended that further 
evaluation including LEF measurements, and development by the manufacturers of low energy emitting radiation VDT less then 2.5 mG 
devices similar manner sold by some computer brand. 

Ip-871 
ELF ELE TROMAGNETIC FIELDS AND FRENCH HIGH SPEED TRAIN. R. Santinil, P. LeRuz2, J-M. Dame3 and J-L. 
Mercier2. yNational Institute of Applied Sciences (INSA) Bat 406,69621 Villeurbanne Cedex, France. 2ABPE, 35700 Rennes, France 
3Harze Belgique. 

Most of the lines of the French railroad are electrified with 25 KV- 50 Hertz traction current, but for high speed train requirements are 
higher (600 Amperes) than those of a conventional one (200 Amperes)( 1). In view of radioprotection of passengers and railway workers 
against ELF electromagnetic fields, we have measured 50 Hz electric (E) and magnetic (B) fields inside (at passenger seat) and outside 
(along the line) of high speed trains. The measures have been done using a EFM meter - Model 130 (elecuic field measurement, P.0 Box 
326, Stockbridge MA 01266) and a HI - 3604 ELF Power frequency Survey meter (Holaday industries). In the train, during a 2 hours 
travel (LYON-PARIS and RENNES-PARIS), we have observed that: - in the station, electric and magnetic fields were low (1 up to 2 V/m 
for the E field, 0.5 up to 0.7 mG for the B field), when the train was not at high speed, the E field values remained low (1 V/m) and the B 
field values slightly increased (0.9 up to 1.6 mG) - when the train was at high speed, the E field was not modified (1 Vb), but the B field 
was strongly increased (up to 63 mG). It appears that the magnetic field values were not stable and rapidly (but irregularly) oscillated 
between low (1 up to 2 mG) to high levels. We have also measured highest values of the B field during passages in front of electrical 
stations along the line (>70 mG). Outside of the train we have measured during the passage of the train in front of us (the train being at 
high speed): - for magnetic field, 60 mG at 10 meters of the line, 25 mG at 30 meters and 5 mG at 50 meters - for the electric field, values 
were inferior to 10 V/m. From our results it a p s  that inside of the train, the B field is strong during the time of high speed, and that it 
oscillates between low and high values, creating magnetic flash which might be dangerous for exposed people. Outside of the train, the B 
fields is strong near the lines, and falls to non dangerous values (<2 mG) at a distance of 100 meters. In conclusion we think that magnetic 
fields emitted by high speed train might be dangerous for exposed people because measured fields are in the range where biological effects 
are reported.(2) 
1) Gourdon, C.G. (1993) Efforts of French railroads to reduce traction electromagnetic fields. Electricity and magnetism in biology and 
medicine. San Francisco Press Inc. p 259-263. 
2) Santini R. (1993) Biological effects of extremely low frequency electromagnetic fields. International Symposium. European Parliament 
in Press. 
Supported by the French National Ministry of Education. Chapter 50 "Soutien de programmes". 
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Ip-891 
EMF EXPOSURE ASSESSMENT FOR AN EPIDEMIOLOGICAL STUDY OF ADULT MALIGNANT GLIOMA. M. Yost', M. 
Wrensch2, G.M. Lee3, R. lDept. of Environmental Health SC-34, University of Washington Seattle, WA 98195 USA. 2Dept. 
of Epidemiology and Biostatistics, University of California, San Francisco, CA 94143-0560 USA. %hlif. Dept. of Health Services, 
Berkeley, CA 94704 USA. 

Malignant Glioma, the most common type of primary brain cancer in adults is a debilitating and rapidly fatal disease. Residential studies 
in children and occupational studies in adults have suggested an association between brain cancer and exposures to electric and magnetic 
fields (Em. However, no studies to date have examined combined residential and occupational exposures in adults. We are conducting 
a population based casecontrol study in the San Francisco Bay Area to examine associations between brain cancer and EMF. The aim of 
this portion of the study is to develop the occupational EMF exposure assessment. This information will eventually be combined with data 
from the residential and appliance exposure survey to produce a combined EMF exposure index. 
Detailed lifetime occupational histories are recorded for all subjects during the interviews. Approximately 300 cases and 110 controls have 
been interviewed to date. Occupgtional information describing the job, industry, company name, city, start date, duration (months), hours 
worked per week, are recorded during the interview. We have begun to categorize the occupational information for the study cohort. A 
preliminary work history has been obtained from 98 subjects. Among these 98 individuals, 602 jobs were reported comprising a total of 
33,724 months of employment in all years. Our initial efforts have focused on more r e m t  employment during the past 15 years, since this 
time period is covered in the residential exposure follow-up survey, and information obtained for this period is more likely to be reliable. 
Examining only jobs after 1974 (the approximate exposure window period for this cohort) there were an average of 2.9 jobs per individual 
for an average of 105 months total employment per individual during this period. Summary information was generated from the sample to 
describe the frequency and duration of employment in job categories. A total of 170 job codes were reported for the 98 subjects; of these 
15 job categories had 10 or more occurrences and 43 jobs had 5 or more occurrences. With regard to duration of employment, 3 jobs each 
contributed more than more than lo00 months to the total person-months in the cohort; 17 jobs each contributed more than 500 months, 
and about 60 jobs contributed more than 200 months. These jobs with more than 200 total months accounted for about 80 percent of the 
total person-months in the cohort. 
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Summary information was also examined by industry code. A total of 125 industry codes were recorded in the sample. Of these industry 
codes, 17 industries had 10 or more job occurrences which accounted for a total of 15,637 months of employment or about 46% of the total 
person-months in the sample. Thirty-six industries had 5 or more occurrences and accounted for about 67% of the total person-months. A 
relatively few industry codes accounted for most of the person-months in the sample; 40 industries accounted for about 400 of the 602 
jobs, representing more than 80% of the total months of employment. Figure 1 illustrates the trend in cumulative person-months observed 
plotted against the number of industry and job categories. 
These data suggest that job and industry classifications will result in relatively efficient aggregates of the data. Using these categories 
should reduce the number of exposure assignments needed by approximately 1/3 to 2D compared to assigning exposure rankings on an 
individual basis. This information obtained from this sample of the study participants is being used to establish a job-history matrix in 
terms of total person-months worked in each job and industry category. 

Lp-911 
EVALUATION OF THE EXPOSURE OF CHILDREN'S INSTITUTIONS FROM ELECTROMAGNETIC FIELDS 
ORIGINATING FROM 50 HZ HIGH TENSION INSTALLATIONS IN DENMARK. J. Grauballe. I/S Midikraft, 8100 Arhus C, 
Denmark. 

Due to the uncertainty of a correlation between electromagnetic fields and cancer in children the National Board of Health has expressed 
the wish of obtaining more knowledge about the exposure of children in children's institutions. 
Consequently the National Board of Health in cooperation with elecnic utilities in Denmark has canied out a pilot project in which the 
electromagnetic fields in 25 children's institutions near high tension installations have been measured. 
On behalf of the National Board of Health the Association of Danish Electric Utilities has accomplished a mapping showing the number of 
children's institutions (children less than 15 years old) placed in the vicinity of high tension installations. The study used the same distance 
criteria as used in a previous Danish survey of cancer in children. The mapping shows that about 100 institutions out of a total of 7,000 are 
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within the distance criteria. 
Based on the measurements, the mapping and the existing scientific knowledge the National Board of Health sees no reason to recommend 
specific measures for existing children's institutions placed near high tension installations. 

1-1 
TYPICAL DAILY MAGNETIC FIELD EXPOSURE IN ESKOM'S OCCUPATIONAL ENVIRONMENT : A PILOT STUDY. 
P.H. Pretorius. Eskom Technology Research and Investigations, Johannesburg, South Africa. 

A number of epidemiological studies published over the last number of years indicated that exposure to magnetic fields in certain 
occupational environments, specifically those electrical of nature, may cause possible adverse health effects. A pilot study was conducted 
by ESKOM to determine typical daily magnetic field exposure of its employees in the live line maintenance environment, substation 
environment, welding environment and office environment and to compare the exposure with the occupational magnetic field exposure 
limits recommended by the International Radiation Protection Association (IRPA). The number of cases considered in each environment 
were as follows: live line maintenance environment: 10 cases; substation environment: 7 cases; welding environment: 9 cases; office 
environment: 6 cases. The individuals in the environments mentioned were requested to wear a magnetic field dosimeter (model number 
378100 developed by Positron Industries) for a period of one day (typically 8 hours) whilst performing their normal daily tasks. The 
dosimeter was set to collect data from three orthogonal coils every five seconds. The study yielded the following results: 

I 16,2 I 25,O - 50,O 
1 2.89 10.89 i 40.0-1110.0 I 

The live line workers were shown to be exposed to peak magnetic fields >200pT for periods up to 3.5 hours. Calculations indicated the 
magnetic field intensity at a distance of 13 mm from the conductor surface (of a 765kV line, 4 conductors per phase, 2025A per phase) to 
be 4348pT. It is not known which part of the body, if any, may adversely be affected from exposure to magnetic fields. However, in view 
of the above, the peak magnetic field exposure of the live line workers is approaching, but is still within the short term magnetic field 
exposure limit of 5000pT recommended by the IRPA. Peak magnetic field exposure in the other environments (office, welding and 
substation) are well within the lReA limit of 500pT recommended for continuous occupational exposure. The conclusions drawn should 
be seen in the light of the small number of cases considered in each environment. 
Acknowledgement: Eskom Transmission Line Technology Group (7750M057S). 

Ip-951 
ANALYSIS OF THE RESIDENTIAL DATA IN THE DANISH CASE-CONTROL STUDY OF CHILDHOOD CANCER. J.K. 
Jensen, B.C. Gellert* and J.H. Olsen*. ELSAM, DK-7000 Fredericia, Denmark. 

Power companies do not normally register systematically historical values of currents in the transmission system. Distance criteria and 
estimated historical values of 50 Hz magnetic fields therefore play an important role for the results and the quality of an epidemiological 
study. With only 57 potentially exposed addresses in the Danish epidemiological study, including 30 exposed to more than 0.1 pT, it is 
feasible to study details on these dwellings. The poster gives details on the addresses and the geographical dispersion in relation to the 
transmission system. Residential mobility of families with children is seen to be greater than expected for the population. The 6,495 
children in the study had been living on 16,082 addresses - 10 of the cases were exposed to more than 0.1 pT and 6 .of them to more than 
0.4 pT. The sequence of exposure to 50 Hz magnetic fields in relation to tumour diagnosis is given and discussed. The result shows that 
mainly small children below the age of one were exposed, and the time of onset of exposure was during conception. The analysis of data is 
mainly for the purpose of looking for possible confounders. 
Articles: 
Olsen J.H., Nielsen A., Schulgen G.: "Residence near High-voltage Facilities and the Risk of Cancer in Children". Brit Med J 1993 
Jensen J.K., Olsen Jorgen H., Folkersen E.: "Exposure Assessment in a Danish Case-control Study of Childhood Cancer". Reviews on 
Environmental Health (in press) 

1 CHARACTERIZATION OF E-LF EXPOSURE I 
1- 
MAGNETIC (50 HZ) FIELDS IN THE WORK AND THE HOME ENVIRONMENT. L. Korpinen*l, R. Paakkonen*2, R 
Kernppainen*l and J. F'artanen*l. lTampere University of Technology, Power Engineering Group, FIN-33101 Tampere. Finland. 
2Tampere Regional Institute of Occupational Health, FIN-33101 Tampere, Fmland. 

The objective of the study was to investigate the background magnetic field and the fields of elecmc appliances in the home and work 
environment. Holaday meters (HI-3603, HI-3604 and HI-3627) were used. In the work environment of offices at a distance of 50 cm from 
a visual display terminal (WIT) the mean (ELF) magnetic flux density (rms) was 0.16 pT (n= 103) when the VDT system was on and 0. 
12 pT when it was off. Therefore, the background field from wiring or other electric appliances often contributes when magnetic field 
exposure from a VDT is being considered. Printers, copying machines, telefaxes, and other electric machines may also play a significant 
role in the magnetic field exposure of workers, although, for the most part, only exposure from VDTs has been studied. For example, an 
electric typewriter can have a magnetic flux density of 5 pT at a distance of 10 cm. In shops, laboratories and banks magnetic flux 
densities can be as high as 1-5 pT although the background flux density was usually less than 0.1 jiT. In the home environment the mean 
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magnetic flux densities of appliances proved to be 6.4 pT (user distance), but near most of the measurement sites the magnetic flux 
remained less than 1 pT (n=20). In addition, exposure from electric appliances was measured in a laboratory. The measurements were 
based on six measurement points around the appliances and on a distance of 0 to 50 cm, depending on the user distance. For example, the 
maximum magnetic flux density was 12.2 pT for hair dryers (n=6, measurement distance 10 an), 9.6 pT for shavers ( n d ,  measurement on 
the surface of the shaver), 5.6 pT overhead projectors (n=3, measurement distance 40 cm), 0.4 pT for coffee makers ( n d ,  measurement 
distance 30 cm), 1.8 pT for radios ( n 4 ,  measurement distance 20 cm), and 3.7 pT for typewriters ( n 4 ,  measurement distance 50 cm). 
The background magnetic flux densities of the electric appliances ranged between 0.03 and 0.05 pT. According to these results the 
magnetic field of the appliances were sometimes high (even 10 pT at the user distance). The fields of the different models varied as well. 
In addition, standardized methods should be developed for measuring background fields and the fields of appliances so that the results of 
various studies can be compared. 

, 

Ip-991 
ELECTRONIC LOADS GIVE RISE TO HARMONICS IN THE STRAY CURRENTS IN BUILDINGS. M. Sandstrom. A. 
Berglund and K.H. Mild. National Inst. Occup. Health, Umea, Sweden. 

With the increased use of electronic loads on the main the harmonic contents of the stray currents has increased drastically. It is now 
longer sufficient to only measure in a narrow frequency band around 50 Hz (60 Hz) when doing a workplace survey, but it is also 
necessary to include the harmonics and then mainly the odd frequencies 150,250 Hz etc. 
In this study we have measured the wave form of the current drawn from the mains of a number of different devices such as PCs, high 
frequency fluorescent tubes, printers, etc. We have also performed a Fourier analysis of the curves. 
In the electric system used in Sweden and many other European countries the load is connected between the phase and the neutral. With a 
3-phase system and symmetrical load there is no current flowing in the neutral. With a 150 Hz component present there will be no 
cancellation since they are no longer in phase. Since the neutral and the safety ground often are connected (rlconductor system) this leads 
to current flowing in water pipes, ventilation shafts, reinforcement bars, etc., with a concurrent magnetic field. Examples from 
measurements in offices will be given. 

Ip-1011 
A CONTRIBUTION TO THE ASSESSMENT OF POWER FREQUENCY MAGNETIC FIELD EXPOSURE LEVELS 
USUALLY ENCOUNTERED BY THE GENERAL PUBLIC. R. Conti, P. Nicolini, F. De Ponti*, C. Dessi*, L. Pedretti* and S. Sala*. 
ENEL S.p.A., Electrical Research Center, 1-20093 Cologno Monzese MI, Italy. 

Last year, at the Los Angeles meeting of BEMS, an account was given of a series of results of a s w e y  of magnetic fields encountered in 
typical Italian domestic environments and close to some common household electrical appliances. 
This paper provides some additional results of measurements, still in progress, which are aimed at characterizing spatial and temporal 
variations of B-fields in various types of houses, including flats and cottages, as well as in common work, public and recreational areas of 
interest for the general population. In particular, the latter type of area considered for the magnetic field survey include offices, electric 
transportation means, bars, restaurants, dance-halls and videogame-halls. 
Some preliminary results are shown in the following Table. 

Ip-1031 
SURROGATES OF CHILDHOOD EXPOSURE TO ELF MAGNETIC FIELDS. S.G. Allen and TJ. ME*. National Radiological 
Protection Board, U.K. 

Childhood personal exposure is compared with various measures of magnetic flux density in the home and school. 51 children (ages 0 - 14 
years) each wore a personal dosimeter for 48 hours. Two types of dosimeter were employed, namely the smaller Amex-3D integrating 
instrument: (1 1 smaller children) and the Emdex I1 data logging instrument sampling every 10 seconds. In each home, 2 static Emdex I1 
insnuments were set logging, every 10 seconds; one in the child's bedroom as close as possible to the sleeping position and logging for the 
full 48 hours, the other at the centre of the familyfliving room logging for the first 2 hours. Also, a set. of seven 2-minute 'spot 
measurements' of magnetic flux density was taken, sampling every 1.5 seconds. Each set consisted of measurements at the centre of five 
rooms together with an initial and final measurement on the child's bed. For school/nursery children, each classbursery room was 
assessed, with a set of five 2-minute 'spot measurements' of magnetic flux density, sampling every 1.5 seconds. Apart from on the bed, all 
'spot measurements' were made at a height of 1 metre and a minimum distance of 1 metre from any operating mains applianceball. Mean 
magnetic flux density levels associated with the bedtime, school and other-time categories are time-weighted to provide an estimate of 
exposure. The results indicate that a single/set of 'spot measurements' in the home may not be a good surrogate of short term personal 
exposure (r = 0.47). Adjusting measurements made on the bed by the 48 hour log and employing the mean 2 hour family room level in the 

106 



other-time category leads to an improved exposure surrogate (r = 0.71) as does the alternative of including school time (r = 0.82). The 
addition of both extended 48 hour logging and accounting for school time yields the best surrogate (r = 0.92). Surrogates of short term 
childhood personal exposure exist which appear acceptable for use in epidemiological studies. 

IP-1051 
AN APPROACH TO AUTOMATICALLY COMPUTING WIRING CODE PATTERNS FOR A CITY. R.L. Pearsonl and H. 
Wachte12. Radian Corporation, Denver, CO 80202 USA. 2Electrical and Computer Engineering Department, University of Colorado, 

Numerous past studies (Le. Wertheimer and Leeper, 1979, Savitz, et al. 1988, and London, et al. 1991) have utilized an estimate of wiring 
code as a surrogate measure for magnetic fields from electric power lines. In these studies wiring code was found to associate with the 
occurrence of childhood cancers. Wiring code was estimated for each residence by a visual inspection by a human observer of the nearby 
power lines. The coding procedure is limited to the ability of the observer to visit the residences to fully observe the power l i e  wiring 
through nearby trees and other visual obstructions, to accurately estimate distances and to objectively use this information to determine 
wiring code. This paper sets out a rationale and approach to automatically computing wiriig code for thousands of homes throughout an 
entire metropolitan area. Such an approach can be used for two different purposes. The first purpose would be to determine the wiring 
code patterns and their city wide population statistics for a city which has been previously studied for the association between wiring code 
and human disease such as childhood cancer. These pattems and population statistics can then be compared to the wiring code for the 
previously chosen controls used in the earlier study to detect a possible bias in the selection of the controls. The second purpose of 
automatically computing wiring code would be to use the city wide wiring code patterns and population statistics as a criterion for 
selecting the controls in a new study. In the past, controls were selected for their match to a case based on location proximity (i.e. through 
random digit dialing in the same telephone prefix) and the similarity of the people living in both residences. The automatic computation of 
wiring code will allow the controls to also be selected based on a match of wiring code to the case and also assure that the wiriig codes for 
all controls are statistically representative of the entire city. Wiring code is also indicative of the past and present design of the distribution 
wiring in the various neighborhoods in the city. As such, the design of neighborhood power lines has changed over the years as newer 
wiring materials and approaches became available. For instance, the advent of residential underground cable (RUC) in the late 1960's 
allowed newer neighborhoods to be laid out in a non-rectangular pattern since the underground cable can be buried in curving lines rather 
than the straight lines required for overhead pole-mounted wiring. This ability to lay out newer neighborhoods with curving utility lines 
provides a sharp distinction to older rectangular neighborhoods with straight overhead power lines. Wiriig code can be computed for a 
large city in which the electric utility company has created a computer file which contains sufficient information regarding the design of 
the electric distribution system of the city. Such is the case for several cities, including Denver. The Public Service Company of Colorado 
has created the distribution facilities information system (DRS) data base. Contained in the data base, in a geographic information system 
(GIS) format, is detailed information on the design of the distribution power system particularly related to location and size of 
transformers, and primary and secondary conductors. Also, the locations of utility poles and service connections to individual buildings 
are noted. Included in the data base is the location of all streets in the city and the property boundaries of individual lots in many portions 
of the city. This information is sufficient for the automatic determination of wiring code. The data base can be analyzed in a GIS 
computer system which has been trained to compute wiring code by searching for certain wiring characteristics such as transformer 
locations, conductor sizes and distances to residences. These computations can be carried out automatically for thousands or hundreds of 
thousands of residences. The number of residences for which wiring code classification is computed would only be limited by the size of 
the data base which describes the distribution wiring system and the computational resources available. We are currently exploring the 
ability of automatic computation of wiring code in Denver. We are being aided by Dr. Wertheimer who is helping us validate this 
approach. This work is being sponsored by the Electric Power Research Institute under contract number RP2964-22. 

Boulder, CO 80309-0425 USA. 

Jp-1071 
ASSOCIATIVE RESIDENTIAL. ENVIRONMENTAL. AND LIFESTYLE PATTERNS WHICH APPEAR TO UNDERLIE THE 
WIRING CODE PARADOX. H. Wacktell and R.L. Pearson2. Electrical and Computer Engineering Department, University of 
Colorado, Boulder, CO 80309-0425 USA. 2Radian Corporation, Denver, CO 80202 USA. 

We have been exploring the possibility that associations between wire code and childhood cancer reported in previous studies (e.g. 
Wertheimer and Leeper, 1979, Savitz, et al., 1988, London, et al., 1991) may be based on a close linkage between wiring code and several 
residential environment or lifestyle factors that have plausible carcinogenic implications. This is one of four possible explanations that has 
been postulated for the "wiriig code paradox" (Wachtel and Schein 1992) which refers to the fact that the wiring code surrogacy for 
magnetic fields in association with childhood cancer is not borne out by more direct measurements of these fields--including 24 hour or 
longer averages. Another postulated explanation for the wire code paradox, namely that a "control selection bias" underlies a seeming 
excess of cases in the highest wiring code classification is also being explored in our study, which is now in its second phase. The first 
phase of our study relied primarily on a close examination of public records available for all homes, in the Denver-Boulder area, used in 
the Savitz, et al. study which did not involve visiting the residences themselves. The Denver Regional Council of Governments (DRCOG) 
provided us with tax assessors records from which we educed factors such as the age of the homes, their rental (vs. owner occupied) status, 
and their appraised value. From the U.S. Bureau of the Census we obtained population density and rental status records and the U.S. 
Geological Survey provided us with geomagnetic and surface geology data. Dr. Nancy Wertheimer shared with us her observations on the 
type of water supply piping for each house. We were able to categorize neighborhood street layout from standard street maps. Perhaps 
most significantly we were able to access historical information on neighborhood development relative to wirimg technology evolution 
from the Public Service Company of Colorado records which also indicated to us the proximity of wooden utility poles to homes and the 
chemical preservatives used in those wooden poles. The assembled data base was examined for associative patterns with wire codes in two 
ways: 1) logistic regression statistics using both bivariate and multivariate analyses and 2) geographic information system (GIS) 
mappings. We focused our attention mainly on the Very High Current Configuration (VHCC) and buried wire (lowest "exposure") 
categories and have seen the following associative patterns most clearly. VHCC homes are distinctly older. They are located 
predominately in the central areas of cities in the Denver metro area, as compared to the suburban clustering of buried wire homes. VHCC 
homes have a much higher fraction of renter rather than owner occupants. Perhaps most importantly, VHCC homes tend strongly to be 
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located in neighborhoods having rectilinear street patterns running for long distances whereas buried wire homes are far more prevalent in 
neighborhoods with cul-de-sac street layouts where traffk primarily flows around rather than through the residential areas. In addition to 
these clear empirical associations, we were able to identify an "etiological" cause for these patterns. The advent of Residential 
Underground Cable (RUC) in the 1960's led to the development of cul-de-sac type neighborhoods and thus to the several clear differences 
between VHCC and buried wire homes that we have observed. The associative patterns we have identifed in Phase I of our study has led 
us to hypothesize several "carcinogenically plausible" links between wire-code and the risk of childhood cancer. These included air quality 
(based on the likelihood of much lower traffic density in the cul-de-sac neighborhoods typical of buried wire homes), the possible presence 
of toxic materials in older (VHCC) homes not found in newer ones and socioeconomic or lifestyle differences implied by the rental 
statistics and location associations with wiring code. In addition to these "causal hypothesis" our results also lend some support to the 
notion of a control selection bias. Our current efforts in phase 11 are aimed at testing these hypotheses more directly. This work is being 
sponsored by the Electric Power Research Institute under contract number RP2964-22. 

* . 

i m E q  
TRANSMISSION AND DISTRIBUTION LINE WORKPLACE MAGNETIC FIELD MEASUREMENT PROTOCOL. G.B. 
Rauchl, G. Chang*2, M. Keller*2 and TD. Bracken3. lEleCtric Research and Management, Inc.. Felton, CA 95018 USA. 2Pacific Gas 
and Electric Co., San Francisco, CA 94106 USA. 9. Dan Bracken, Inc., Portland, OR 97202 USA. 

Magnetic field measurement protocols were developed to support an assessment of lineworker exposure to ac and dc magnetic field 
characteristics during the performance of transmission and distribution (TBrD) live-line maintenance tasks. Measurement parameters 
included field intensity, frequency content, polarization, orientation, temporal variability, and the vector relationships between the earth's 
static field and the ac power system field. The objectives of the site measurement protocols were to address the following questions: (1) 
What are the magnetic flux density characteristics that lineworkers are exposed to which are not captured by personal exposure (PE) 
measurements? (2) What are the magnetic flux density characteristics that must be incorporated into analytical exposure models? and (3) 
How valid are conclusions about PE measurem nts when results are reported in terms of broadband values? The protocols were written for 
application of the EPRI developed MultiWaveFM (waveform capture) system. The system digitizes and stores analog waveforms from a 
variety of sensors, including tri-axial Faraday induction coil ac magnetic field sensors, ui-axial fluxgate magnetometer dc magnetic field 
sensors, and clamp-on ac current sensors. Several innovative ideas were implemented to assure rapid, secure and efficient installation of 
the instrumentation system. For example, mounting hardware was developed for sensor applications in steel transmission towers and on 
wood utility poles. The storage, deployment and retrieval of six-pair shielded instrumentation cables up to 75-m long is facilitated by 
garden hose reels that were obtained from a local hardware store. The rack-mounted waveform capture system is mounted in a passenger 
van to expedite measurements at a variety of locations. All associated system components including sensors, mounting brackets, 
instrumentation cable reels and a portable gasoline powered generator, plus miscellaneous hardware and tools are transported by the van. 
An example of recorded ac and dc field values for a 500-kV measurement site is shown in Table 1. 
This work was sponsored by Pacific Gas and Electric Co. 

Table I. Selected ac and dc Field Parameters for Tower and Ground Measurement Locations Near a 500-kV Transmission Line Measured 
Over a 35 Minute Period. 

Parameter Location 

ac Field Intensity, Ground Reference 

dc Field Intensity, Ground Reference 

Tower, Inside Steel 
Tower, Outside Steel 

mG dc 
THD ac Field 

I Tower, Outside Steel 
I Ground Reference 

(uercent) I Tower. Inside Steel I Tower; Outside Steel 
THD dB/dt I Ground Reference 
(percent) Tower, Inside Steel 

(60-Hz axial ratio) Tower, Inside Steel 

Maximum I Minimum I Mean IStandard 1 
I I I Deviation 

40.6 138.5 139.7 I 0.45 
135.6 I 128.8 I 132.8 I 1.48 I 
188.6 179.6 184.8 2.0 
502.2 501.7 501.9 0.1 
493.4 490.9 49 1.6 0.6 
1 A 1.2 1.3 0.06 
0.8 I 0.7 I 0.8 10.03 I 

12.2 0.58 
7.4 0.23 

12.3 10.6 1 1.4 0.35 
34.6 34.3 34.5 0.08 
85.4 84.7 85.1 0.16 
86.8 179.8 180.4 10.17 

1 -  134.4 I -  I I -  157.4 I -  t 

Ip-lll] 
ELECTRIC AND MAGNETIC FIELD EXPOSURE SYSTEMS FOR IN VIVO DOSIMETRY OF INDUCED CURRENT. D-H. 
Nguyen and M. Bourdages. Institut de recherche dHydro-Quebec, Varennes, Quebec, Canada J3X 1S1. 

Electric and magnetic fields induce very complex pattems of elecmc fields and currents inside every living organism. To establish 60-Hz 
field-induced current density patterns within the human body, in vivo experimentation will be performed on primates using electric and 
magnetic field exposure systems and minimally invasive potential probes. Primates will be used since their anatomical structures closely 
resemble that of humans. The three-axis magnetic field exposure system is a 2-m cube with three imbricated sets of square coils. one set 
oriented horizontally (Z axis), the two others vertically (X and Y axis). Each set of coils uses the optimal fourcoils design recommended 
by Memttl . The magnetic field is uniform at ltl% in a sphere of 1.3 m in diameter that is sufficient to accommodate a primate. To 
maximize probe signals, the system generates a very high magnetic field (500 pT). The direction of the field with respect to the test animal 
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can be changed easily and quickly, allowing several induced-cment patterns to be established in a short period of time. Current induced 
measurements will be made according to three orthogonal axes: 1) in a longitudinal axis to the animal; 2) in a perpendicular axis to the 
abdomen; 3) in a perpendicular axis to the two axes above. The electric field exposure system has been installed inside the magnetic field 
coils. The dimensions of the system are 1.66 m by 1.66 m by 1.75 m height. The system generates a field in one vertical axis and the 
uniformity of the field is controlled by six horizontal grading rings connected to a resistive divider. A 15 kV high voltage transformer is 
connected between the upper electrode and the ground plane, providing an electric field of 8.6 kV/m. Contrary to the magnetic field, the 
electric field inside the exposure system is strongly disturbed by the presence of an animal. The electric field close to an animal is much 
higher than the undisturbed field. Using a computer simulation, a two-dimensions graph of the electric field has been calculated for 
different size of primates standing on the floor of the exposure system. For comparison, the same calculation has been done for primates 
standing under a high-voltage line. In both cases, the field around the primates is almost identical if the height of the primate does not 
exceed approximately 40% of the height of the exposure system. The power supply for both the electric and magnetic field exposure 
systems is provided by a signal generator and a power amplifier (14OOW). The operation of the exposure systems is entirely controlled by 
a computerized data acquisition system. This system includes a digital lock-in amplifier, a high precision multimeter, two switcNcontro1 
units and a signal generator. All those instruments are interconnected by the Hewlett-Packard Interface Bus WIB) and controlled by a 
HP 320 microcomputer. The data acquisition system executes automatically the following tasks: 1) selection of a field axis and control of 
the intensity and frequency of the field; 2) calibration of the induced potential probes; 3) scanning of each three-axis probe and 
measurement of the induced potential in x, y and z; 4) correction of measurements according to the calibration and orientation of each 
probe; 5 )  data display and recording. 
1. Merritt, R., et al. (1983) Rev. Sci. Instrum. 54 (7). Supported by the Canadian Electrical Association. 

Ip-113) 
DFCTERMINANTS OF MAGNETIC FIELDS IN RESIDENCES NOT AFFECTED BY ELECTRIC UTILITY LINES. R.  Kavetl. 
W.T. Kame2, T. Powers*3, L. Zaffar~ella*~. H.D R ~ t h * ~  and G.B. Johnson5. lElectric Power Research Institute, Palo Alto, CA 94303 
USA. 2EM Factors, Richland, WA 99352 USA. lRoth Associates, Rockville, MD 20852 USA. 4Enertech Consultants, Lee, MA 01238 
USA. %RI HVTRC, Lenox, MA 01240 USA. 

The Wertheimer-Leeper method of wire coding assigns a residence to one of several ordinally-scaled exposure categories on the basis of 
the one electric utility line with the highest classification. These categories are presumed to represent the occupant's magnetic field 
"exposure," although in various large-scale surveys (>200 residences), the wire code has accounted for between about 7% and 20% of the 
variance of the measured magnetic fields. We are using EPRI's "1000-home'' data base to develop a method consistent with the 
Wertheimer-Leeper paradigm that produces improved correlation by considering more than just the one "dominant" power line. This 
report focuses on the first step in this process, which is to evaluate "ambient" factors, Le., factors other than overhead distribution and 
transmission lines. Our analyses are based on fields measured in 346 single or duplex residences classified by the Wertheimer-Leeper wire 
code as Underground (UG) or Very Low Current Configuration (VLCC) without a transmission line within 500 feet, because the fields in 
these homes are assumed to be least affected by distribution or transmission line currents. Based on preliminary univariate assessments, 
we identified three residential features as potential key explanatory variables: house age (ordinally classified), location (urban, suburban, or 
rural), and potential for current in the grounding system (yes, no, maybe). We developed log-linear regression models using the average 
spot-mpurement as the dependent variable. A model that did not allow for interaction of the explanatory variables explained 13.2% 
( ~ 1 0 -  ) of the home-to-home measurement variability, and reflected increased fields in urban &/or older homes with conductive 
$rounding systems. Two models that allowed us to observe the effect modification of grounding (Le., interactive) explained 15.1% ( ~ 1 0 -  
) and 16.9% ( p ~ l O - ~ )  of the measurement variability and localized age and location effects to specific grounding system strata. Although 

these models explain only a moderate fraction of the overall variance in measured fields, the ambient factors evaluated are worthy of 
incorporation into subsequent analyses that deal with the relationships between overhead utility wiring and measured fields. 
This work was supported, in part, by EPRI contract RP3349-03. 

Ip-115) 
EMF MODELLING AND LAND USE PLANNING: A METHODOLOGY FOR ASSESSBNG SUITABILITY OF LAND FOR 
SCHOOL SITING OR RESIDENTIAL DEVELOPMENT WHERE EMF IS A PLANNING CONSTRAINT. C. Sage. Sage 
Associates, Montecito, CA 93 108 USA. 

A public policy need has been established for interim guidance on approval of development plans where EMF is a planning constraint. 
Scientific uncertainty exists as to whether a causal relationship exists between magnetic field exposure and cancer; however, research 
results continue to provide cause for caution. In this interim period, while science proceeds to identify the magnitude and significance of 
potential public health effects, decisions must be made on where to construct new schools and residential developments. Magnetic field 
modeling is one important tool which can assist in land planning and land use decisionmaking where the environmental suitability of land 
for residential or school uses is at issue. 
Land planners and public agencies face the need for information in three areas related to issues: 
1) EMF magnetic field modeling and measurement tools 
2) EMF thresholds (which projects trigger review?) 
3) Policy options (what to do with the information?) 
This paper describes a process for assessing suitability of land for school siting and residential development based or, computer modeling 
of 60-Hz powerline magnetic fields. Such EMF infomation together with other relevant environmental constraints can be used to choose 
prospective sites for schools or for laying out prospective lots and building envelopes for a residential subdivision. The methodology can 
also assist city and county planning agencies in assessing the quality of EMF information submitted in permit applications relative to State 
Environmental Quality Acts and State Subdivision Act laws requiring that public health and safety be protected. 
The use of magnetic field modeling data in determining suitability of land for school and residential development has many strengths as 
compared to direct field measurements. Modelling can predict magnetic field levels whether a powerline already exists on-site or is 
proposed for future construction. It can take into account topographic differences across a property or differential lot elevations. It can be 
used to determine the difference in exposure between single story or multi-story buildings. It can take into account straight line or curved 
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line configurations of the power line. 
EMF thresholds are used to identify which projects should trigger EMF investigations under State Environmental Quality Acts. The 
application and use of thresholds will be contrasted against regulations or field limits. 
EMF policy options for a land planning response to elevated magnetic field levels are being developed due to public and scientific 
concerns over potential health effects of 6O-Hz magnetic fields. Various interim policy options will be discussed. 
A case history of property proposed for residential development will be shown In a slide program to illustrate the steps involved In 
determining environmental suitability based on magnetic field modeling and prudent avoidance policies. 

I MODELS AND MECHANISMS I 
Ip-117-J 
STOCHASTIC RESONANCE OF A BOUND ION AS A MECHANISM FOR THE DETECTION OF WEAK 
ELECTROMAGNETIC FIELDS. V. Poponin. N.N. Semenov Chemical physics Institute, Russian Academy of Sciences, 117977 
Moscow, Russia. 

Recent data suggests [1,2], that for high sensitivity of biosystems to weak EMFs, the nonequilibrium state of this system is of crucial 
importance. In this report we present a simplified classical version of the model for EMF interaction with a bound ion, first developed in 
[3]. This new model allows for the correct description of nonequilibrium, nonlinear dynamics of an ion in a binding site, including the 
associated thermal noise effects. Funhermore, the interaction of thermal noise sources with the externally modulated EMF% quite naturally 
leads to the stochastic resonance phenomena well known in the physics as a mechanism for weak coherent signal enhancement by random 
noise. Analyses shows that resonance conditions are the same as predicted previously to arise from a quantum density matrix approach 
using perturbation calculations [3]. The correspondence between classical and quantum models is established, but the main advantage of 
the classical approach is that classical model is simpler and mathematically tractable, while nonlinearity and nonequilibrium and thermal 
noise conditions are naturally accounted for. By numerical simulation it was shown that under the stochastic resonance conditions binding 
probability of ion decreases. That means that ion is pushed out from the binding site as a result of instability induced by stochastic 
resonance. 
1. B.R. McLeod, A.R. Liboff, S.D. Smith. Biological systems in transitions: sensitivity to extremely low-frequency fields. Electro- and 
Magneto biology, vol. 11, p. 29 (1992). 
2. V.P. Poponin and W.D. Winters. Effect of physiological state on rat pheochromocytoma cells sensitivity to weak ACDC magnetic 
field. Transactions of the Second European Bioelectromagnetics Association Congress. Bled, Slovenia, December 9-1 1,1993, p. 110. 
3. V.P. Poponin. Possible general primary mechanism for low power non ionizing radiation bioeffects. Transactions of the First Congress 
of The European Bioelectromagnetics Association, Brussels, Belgium, January 23-25,1992, p.6. 

rp-1191 
COMBINED ACTION OF STATIC AND ALTERNATING MAGNETIC FIELDS ON BIOMOLECULE A MATHEMATICAL 
MODEL. M.N. Zhadin. Institute of Cell Biophysics of Russian Academy of Science, 142292, Pushchino, Moscow Region, Russia. 

Action of static and weak low frequency alternating magnetic fields which are applied to a charged ion in a biomolecule, for example a 
calcium ion in a calcium binding protein, is considered. This work is a result of further development of our previous one (Zhadin, 
Fesenko. Biomedical Science, 1,245, 1990). The ion performs disorderly thermal motion near the equilibrium point in intramolecular 
potential field. The static magnetic field causes Lannor precession of the ion and imparts additional rotary motion around the field line 
going through the equilibrium point. The precession frequency is proportional to the static field and is one-half the cyclotron frequency. 
The alternating field component parallel to the static field accelerates the ion in its rotary motion step by step without a change in the 
precession frequency if the alternating field frequency is close to the Larmor or cyclotron ones. This leads to change in a quantum state of 
the ion and at its weak binding with the molecule - to its expulsion to extramolecular medium. In the latter case relevant ion concentration 
increases in the surrounding medium. We carried out numerical solution of ion motion equation under the influence of the above fields. 
The molecular potential field for the ion was considered as a spherically symmemcal one for simplicity. The total (kinetic plus potential) 
energy was calculated. Our model essentially differs from Liboff s and Lednev's models well-known and can work under conditions of 
thermal motion of particles in surrounding liquid medium. Our experiments on animal behavior have confumed conclusions of our model. 

lp-1211 
RECENT DATA CONCERNING BIOEFFECTS FROM WEAK MAGNETIC FIELDS IS EXPLAINED THROUGH A 
FUNDAMENTAL PHYSICAL MECHANISM. J.I. Jacobson. Mainsail Circle, Jupiter, FL 33477 USA. 

The objective of this study was to comprehend how ELF low phonton radiant energy could accomplish nansductive coupling of signals 
across plasma membranes to produce genomic effects. Based upon receipt epidemiological, experimental and clinical data, Jacobson 
Resonance is the only theory which may explain coupling of signals through the promulgation of gravity waves. Jacobson Resonance 
draws distinct numerical correlations, consistently across the board, between genomic masses and associated structures with milligauss and 
nanogauss magnetic fields and lengths of biological systems. The capacity to discem between the potentially hazardous and therapeutic 
signals is discussed. While we have seen through the work of Goodman' et al that nanogauss fields may be therapeutic in neurological 
disorders, we plan to do a double blind study in Parkinson's disease using magnetic fields that are physiologic, ranging in intensity from 5 
x gauss to 5 x l@llgauss, and in frequency from dc to about 16 Hz. It is of particular importance that we recall the work of AMinos, 
Tsagus, depapas, Weinstein and Sandyk wherein weak magnetic fields were utilized to successfully treat epilepsy and Parkinson's disease. 
Jacobson Resonance can show the connection between such weak magnetic fields and phonons of discrete ponderable bodies in biological 
systems; Le., critical molecules such as genes, homeoboxes, enzymes, hormones, neurouansmitters etc ... are jiggled. The proposition is 
that the reorientation of the atomic crystal lattice structure of said critical molecules will influence physical and biological ordering. 
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Ip-'23] 
ENHANCED SAR IN THE NOSE DURING MICROWAVE IRRADIATION OF THE BACK OF THE HEAD. PJ. Chadwick, PJ. 
Dimbylow and C. Unsworth. National Radiological Protection Board, Cookridge, Leeds LS16 6RW, U.K. 

The distribution of Specific Absorption Rate (SAR) in a human head exposed to 2.45 GHz plane-wave radiation has been calculated wing 
the finitedifference time-domain technique applied to an anatomically realistic model. This model is comprised of 500000.2 mm voxels 
and was derived from serial sagittal MRI slices of a head segmented into 13 tissue types. The calculations predict that when the head is 
irradiated from behind, the highest SAR will be in tissues at the back of the head outside the skull but there is also evidence of a creeping 
wave which produces an SAR in the nose higher than that in the interior of the skull. A phantom head, incorporating a skull, has been 
constructed from tissue-equivalent material and fluoroptic thermometry has been used to determine the SAR distribution inside the head 
during 2.45 GHz plane-wave irradiation. The experimental data confirm the theoretical prediction of an enhanced SAR in the nose. 

Ip-1251 
VALIDATION OF A THERMOMETRIC MICROWAVE-DOSIMETRY PROCEDURE IN VIVO AND IN VITRO. S-T. Lul, C.S. 
GambrilPl and D.O. Brown2. logden BioServices Corporation, Gaithersburg, MD 20879 USA. 2Depamnent of Microwave Research 
Walter Reed Army Institute of Research, Washington, DC 20307 USA. 

The precision of a thermometric microwavedosimeuy procedure was evaluated on the principle that a normalized local specific absorption 
rate (SAR) is independent of the output peak power and/or modulation as long as the average power is maintained at the same level. The 
precision was tested in three different exposure systems. They were 1.25 GHz in vivo ocular dosimetry in rabbits, 1.25 GHz in vitro and 
918 MHz in vitro dosimetry in rat lenses. The dosimetric method was based on the temperature changes measured by a microwave 
transparent temperature monitoring system (Luxtron). A 10 or 20 s exposure period was used. The rate of temperature changes during the 
microwave exposure was corrected for pre- and postexposure conditions by the average rate of temperature change during pre-exposure 
and post-exposure periods which were recorded for at least 15 s. The adjusted rate of temperature change was converted to SAR and 
normalized to per watt output of the transmitter. Each datum was the average of 4 replicate determinations. The data pairs of the in vivo 
ocular dosimetry were obtained from 5 Dutch belted rabbit carcasses exposed to 1.25 GHz (Cober) pulsed microwaves at 1 M W  peak 
power, 10 1 s  pulse width at a normal laboratory temperature (23 "C). Two pulse repetition rates were used: 50 Hz (average output = 500 
W) and 100 Hz (average output = 1000 W). Sixty-€our sets of data pairs were obtained. The normalized SARs (W/kg/Wfmud 
determined by 500 W and loo0 W were highly correlated (r= 0.99; p 0.001). The slope of the least-square fitted curve was 0.995 
indicating an error of less than 1%. The 1.25 GHz (Epsco) in vitro dosimetry was performed at 37 O C  in 6 rat lenses and in 3 locations 
spaced 1 cm apart above the lens in an exposure-perfusion vessel inside a WR650 waveguide exposure system. Pulsed (10 kW peak 
power, 20 p.s pulse width, 100 Hz pulse repetition rate, 20 W average) and continuous wave (CW, 16.5 W) microwaves were used. 
Twenty-four data pairs were obtained. The normalized SARs determined for pulsed and CW microwaves were highly correlated (r= 0.98; 
p < 0.001). The slope of the least-square fitted curve was 0.997 indicating an error of less than 1%. The 918 MHz (Eipsco) in vitro 
dosimetry was performed at 37 O C  in 6 additional rat lenses and in 3 locations spaced 1 crn apart above the rate lens in an exposure- 
perfusion vessel inside a WR975 waveguide exposure system. The 918 M H z  pulsed microwave was operated at 15 kW peak power, 20 p 
pulse width, 50 Hz pulse repetition rate and 15 W average. The 918 M H z  CW microwave was operated at 13 W output power. Twenty- 
four data pairs were obtained. Again, the normalized SARs determined for pulsed or CW microwaves were highly correlated (r= 0.94; p < 
0.001). The least-square fitted slope was 1.014 indicating an error of less than 1.5%. Therefore, the thermometric dosimetry procedure 
used in this laboratory can provide fairly precise data. 
ACKNOWLEDGEMENT. This work was performed under contract DAMD 17-8942-9021 with the Walter Reed Army Institute of 
Research (WRAIR), Department of Microwave Research. The use of animals was in compliance with NIH and WRAIR guidelines and 
policies. 

IP-1271 
EVIDENCE FOR EDGE-INDUCED ENHANCEMENT OF SHIPBOARD BODY-TO-GROUND CURRENT PRODUCED BY 
AN ELECTROMAGNETIC PULSE (EMP). R.G. Olsen and B.J. Van Matre*. Naval Aerospace Medical Research Laboratory, 
Pensacola, FL 32508-1046 USA. 

To obtain further dosimetric information regarding shipboard exposire to electromagnetic pulse (EMP) irradiation, we used a 
photographic-based, stand-on RF body-to-ground current meter at nine locations aboard a U. S. Navy ship. The ship was moored at a 
wharf and irradiated by a land-based EMP simulator located 395-m away. Previous measurements of topside EMP field intensities showed 
relatively large localized maxima, usually associated with vertical metal edges that faced the EMF' simulator. Because the erect human 
body couples strongly to vertical electric fields @-fields), it has been postulated that EMP-induced RF body current might be higher than 
average for those edge-locations, as well. To test this hypothesis, we recorded EMF'-induced body current at two fantail locations, two 
upper deck locations, atop a smokestack, and at four locations on the main mast. Typical peak E-fields were 2.9 kVlm on the upper deck. 
Peak currents ranged from less than 2 A on the fantail to more than 13 A at the front edge of the smokestack. The reason for this overall 
variation in current is unclear, but it was probably due to the exposure geometry. Edge-enhancement of body current was observed on both 
the smokestack and the main mast, but enhancement factors for essentially equivalent locations did not exceed 2.50. We conclude that 
shipboard field enhancement effects can produce increased EMP-induced body current. The magnitude of the enhancement, however, is 
relatively small. 
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rp-1291 
ELECTROMAGNETIC PULSE DISTORTION IN LIVING TISSUE. E.S.A.M. Lepelaars *. Faculty of Electrical Engineering, 
Emdhoven University of Technology, NL-5600 MB Eindhoven, The Netherlands. 

Pulsed electromagnetic signals are often used for medical applications. When such signals are used for bone growth or nerve stimulation, 
for example, they experience distortion due to tissue dispersion and due to the presence of tissue layers. In that case the following 
questions arise: how is tissue dispersion described, which mechanisms dominate, dispersion or reflections, what is the influence of the 
pulse shape, and how can signal distortion be characterized? In an attempt to answer these questions, electromagnetic field calculations 
were carried out for a horimnt.ally stratified configuration of air, skin, fat, muscle and bone tissue. These tissues are assumed to be linearly 
reacting, isotropic, dispersive and nonmagnetic. The dispersive behavior is described by a multiterm Debye permittivity model for each 
tissue. An electromagnetic field is assumed to be generated by a circular, transient current, in a plane parallel to the interfaces. The 
configuration is used because of its relatively simple mathematical modeling and its link to practical applications. From symmetry 
considerations, it follows that the electromagnetic field in the configuration described above is axially symmetric (angularly-independent). 
Using this feature leads to a simplified version of Maxwell's equations, from which the electromagnetic field is then solved analytically 
using a radial Hankel transformation and a temporal Fourier transformation. In order to assess the pulse distortion, two timedependent 
current functions are examind, one with a wide pulse shape and one with a narrow pulse shape. From the nonvanishing field components 
only the time-dependent electric field is considered. The influence of the stratification is demonstrated by comparing the electric field in a 
fixed point in the muscle layer of the straNied configuration with the electric field in a completely muscle-filled space. It appears that the 
suatification results in irregular fluctuations of the electric field. This effect increases when the pulse shape is narrowed. The influence of 
dispersion is demonstrated by comparing the electric field in the muscle-filled space with the electric field in free space in the same point 
of observation relative to the current. Dispersion appears to have a smoothening and retarding effect on the electric field. Presently 
research is in progress on the behavior of angularly-dependent electromagnetic fields and on a model in which the permittivity is 
continuously stratified. 

I MEDICAL APPLICATIONS OF PEMF I 
IP-1311 
HUMAN OSTEOBLAST PROLIFERATION AND IL-6 PRODUCTION RATES ARE ENHANCED BY PULSED 
ELECTROMAGNETIC FIELDS; ENHANCED PROLIFERATION IS INDEPENDENT OF ELEVATED IL-6 LEVELS. S.E. 
Abbot', 2. Zhangl, S.L. Harley1, T. Sahinoglul. BJ. Simon2, D.R. Blake' and C.R. Stevens1. 'The Bone and Joint Inflammation Unit, 
London Hospital Medical College, London El  2AD, U.K. 2Electro-Biology Inc., Parsippany, NJ USA. 

The beneficial effects of pulsed electromagnetic fields ( P E W  in the treatment of bone pathologies, especially fracture repair, are 
increasingly accepted. While the clinical benefits of such treatments are obvious, little is known about the cellular physiology underlying 
these effects. An Electro-Biology Inc. portable bone healing unit (model 101) was used to generate a pulsed electromagnetic field (PEMF) 
(bursts of 20,225 ps duration pulses repeated at 15 Hz, peak magnetic field, 18 Gauss). Using this system we have investigated the effects 
of P E W  on the prolieration rates of human, osteosarcoma derived, HTB96 osteoblast-like cells and rat osteoblast cells freshly isolated 
from long bones. Both cell types were seeded (2000 cells/cm2) and grown in DMEM/5% foetal calf serum for 24 hours prior to assay. 
Log phase proliferation rates were assessed via uptake of the thymidine analogue bromodeoxyuridine followed by immunohistochemical 
localisation. We observed that an 8 hour exposure of cells to PEMF significantly (PcO.05) enhanced HTB96, but not rat osteoblast, 
proliferation rates. Jnterleukin-6 (IL-6) is a pluripotent cytokine which has been implicated in the regulation of osteoclastogenesis and 
osteoblast function'. Differences in IL-6 produc 'on in rat and human derived osteoblasts have been observed2. ILL-6 levels were 

Results showed that an 8 hour exposure of the cells to PEMF increased HTB96 IL-6 release three fold over basal levels. The possible 
autocrine action of IL-6 in PEMF-induced osteoblast proliferation was investigated by the use of a neutralising-mouse antihuman IL-6 
antibdy (Serotec). Proliferation rates of H"IB96 cells were assessed as before with the inclusion of 4 pg (sufficient to neutralise 2x105 IU 
of IL-6) of mouse antihuman IL-6. The inclusion of the antibody had no significant effect on, either basal, or stimulated cell proliferation 
rates. While these results suggest that PEMF enhanced human osteoblastic cell mitosis is not due to an autocrine action of IL-6, PEMF 
stimulated IL-6 release from osteoblasts deserves further study. Recent work3 has suggested that elevated levels of IL-6 may play an 
important role in osteoclastogenesis and elevated bone resorption associated with giant cell tumours or Paget's disease. To resolve the 
apparent dichotomy between the beneficial effects of P E W  in fracture repair and the effects of elevated IL-6 levels in other bone systems 
requires further study of the effects of PEMF on the individual cell types involved. 
1. Salcagami Y. et al. J. Bone. Min. Res 8(7):811, 1993. 
2. Littlewood J. er al. Endocrinology 129(3): 1S137, 1991. 
3. Agematsu K., Komiyama A. .Leukemia & Lymphoma. 7(4):309-15,1992. 

measured in HTB96 culture supernatants (1 ml / lO 2 cells, from the above assays) by surface plasmon resonance (BIAcore@, Pharmacia). 

pmq 
STIMULATION OF CHONDROGENESIS IN ARTICULAR CARTILAGE EXPLANT CULTURES BY EXPOSURE TO PEMF - I. PROTEOGLYCAN HOMEOSTASIS. R.K. Aaron and D.McK. Ciombor. Orthopaedic Research Laboratory, Brown University, 
Providence, RI 02906 USA. 

The homeostatic maintenance of cartilage extracellular matrix is dependent upon the coordinated synthesis and degradation of matrix 
molecules by chondrocytes. Articular chondrocytes are capable of altering the balance between synthesis and degradation in response to a 
number of physical stimuli including mechanical loading and exposure to electrical fields. Endogenous electric fields have been recorded 
in cartilage explants associated with applied mechanical load and fluid flow through the matrix. The biological significance of these fields 
is not known but they may serve as signaling phenomena to chondrocytes. The application of exogenous electrical fields to articular 
cartilage has resulted in changes in extracellular matrix composition in a number of systems including experimental endochondral 
ossification, articular cartilage in vivo, chondrocyte cell culture and articular cartilage explants. This study examines the effects of a pulsed 
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electromagnetic field (PEMF') upon proteoglycan (PG) synthesis in articular cartilage explants to test the hypothesis that applied magnetic 
and/or induced electric fields may regulate chondrocyte synthesis of extracellular matrix molecules. 
METHODS: Explants of bovine articular cartilage from 4 year old animals were established in multi-well plates in DMEM:F-12 and 20% 
FBS. Cultures were exposed to an inductively coupled electric field for 4 h/d and compared to control cultures maintained under identical 
conditions without exposure to the field. The field utilized was of a pulse burst cofliguration. Each burst was 5 ms. repeated at 15 pps. 
Each burst contained 20 pulses having a rise time of 200 ps and a decay time of 25 ps from 0-20 Gauss. The fields were applied with 
Helmholtz coil pair of 22 cm. diameter spaced 11 cm. apart. DNA was measured fluorometricall by binding to Hoescht 33258 dye. 
Proliferation was measured by 3H thymidine incorporation and PG synthesis was assessed by &sulfate incorporation into cartilage 
macromolecules. PG was extracted with 4M GuHCI and chromatographed on Sepharose CL 2B for measurement of size distribution. 
Glycosarriinoglycan (GAG) content was determined colormetrically by binding to 1,9 dimethylmethylene blue. Peak fractions were pooled 
and concentrated, digested with pa@, and chromatographed on Sepharose CL 6B for measurement of GAG chain size. Peak fractions 
were again pooled and sequentially digested with chondroitinase ABC and AC II and rechromatographed on Sepharose CL 6B for the 
determination of GAG composition. Explants were pulse labeled with 35sulfate on day 5 and incorporated label was measured in the tissue 
and media fractions for 4 weeks to determine PG release. 
RESULTS; DNA content and thymidine incorjmration were unchanged, indicating the absence of significant proliferation. Exposure to the 
PEMF utilized produd significant elevations in PG synthesis at several days of culture. By the end of the 12 day culture period, a 50% 
increase in PG synthesis was observed. GAG content of cartilage was significantly elevated in PEMF treated cultures throughout the 
exposure period culminating in a 75% increase by day 12. The amount of GAG retained in cartilage was significantly increased by 
exposure to the electric field. Newly synthesized PG and GAG were of normal size distribution and composition. Pulsechase experiments 
revealed no changes in proteoglycan degradation as a result of PEMF exposure. 
DISCUSS ION: These data indicate that exposure to the PEMF utilized increases the synthesis and retention of extracellular matrix 
molecules of n o d  size and composition. There was no corresponding increase in PG degradation indicating an alteration in the 
noxmally coupled homeostatic processes of matrix synthesis and resorption. These changes resulted in an increase in cartilage matrix 
proteoglycan. There was no increase in chondrocyte proliferation. These results suggest that appropriately configured PEMF can regulate 
PG metabolism by chondrocytes in articular cartilage explant cultures. The data raises the possibility that PEMF may be useful in 
stimulating repair or restoration of articular canilage. 

j-mq 
STIMULATION OF CHONDROGENESIS IN ARTICULAR CARTILAGE EXPLANT CULTURES BY EXPOSURE TO PEMF - 11. AGE DEPENDENCE OF FIELD AND GROWTH FACTOR STIMULATION. D.McK. Ciombor and R.K. Aaron. Orthopaedic 
Research Laboratory, Brown University, Providence, RI 02906 USA. 

The functioning of articular cartilage in its' biophysical environment is intimately related to its' molecular composition and architecture. 
The concentration and organization of proteoglycan (PG) and Type I1 collagen are directly related to the ability of cartilage to resist 
compressive forces and to attenuate peak loads on bone. Increased proteoglycan synthesis has been observed in early cartilage injury and 
arthritis and may be associated with a limited repair process. Loss of glycosaminoglycans (GAG) and degenerative changes in articular 
cartilage are age related and the regulation of older articular chondrocytes by exogenous factors is of interest to the problems of cartilage 
repair and arthritis. This study will examine the effects of a pulsed magnetic field upon the synthesis of extracellular matrix molecules in 
articular cartilage explant cultures. Additionally, we will describe the response of PG synthesis of aged (10 year old) articular cartilage to 
stimulation with growth factors and fields and compare this response to mature but younger adult articular cartilage. 
METHODS; Explants of bovine articular cartilage from 4 and 10 year old animals were established in 24 well tissue culture plates with 
approximately 50 mg. of cartilage in 1.5 ml. of defined medium. The basic medium consisted of DMEM-F12 (1:l) with 0.3% FBS, L- 
ascorbate, transferrin, NaCHO3 and gentomycin. Cultures were variously supplemented with EGF (5 ng), bFGF (50 ng), EGFbFGF, or 
20% fetal bovine serum (FBS). The wells were harvested for analysis at days 2,5,7, and 12 post plating. DNA content was assessed by 
binding to Hoescht dye 33258. GAG was measured colorimemcally with 1,9 dimethylmethylene blue and the percentage of GAG retained 
in the cartilage fraction was assessed by measuring GAG in th tissue and media fractions each day of culture. Proliferation was measured 
by 3H thymidine incorporation. PG synthesis was assessed 3fS04 incorporation into cartilage macromolecules. P G s  were extracted with 
4 M GuHCI as previously described. Approximately 80% of the PG was routinely extracted. Analysis of GAG chain size and composition 
was determined as previously descri 

constant over the entire culture period. 35S04 incorporation and GAG content in explants maintained in 20% FBS reached a steady state 
by day 4 of culture. Differences were observed in the sulfate incorporation of the cartilage according to age. Four year old cartilage 
exhibited almost a four-fold greater PG synthesis than did 10 year old cartilage in the basal medium. In the 4 year old cartilage, EGF 
increased PG synthesis almost two-fold over control while a smaller increase was observed with basic bFGF and with combined EGF- 
FGF. In the 10 year old cartilage a three-fold increase in PG synthesis was observed with FGF, combined EGF-FGF produced a greater 
than ten-fold increase in PG synthesis compared to control. Identical cultures were exposed to a pulsed magnetic field with a 15 Hz pulse- 
burst configuration (EBI Bone Healing System). Exposures were carried out for 4 h/day. Cultures exposed to the specific PEMF utilized 
exhibited a three-fold increase over comparable cultures in sulfate incorporation. 
DISCUSS ION; In previous studies with a number of experimental models both growth factors and elecnical stimulation have been shown 
to enhance extracellular matrix (ECM) synthesis. Explant cultures of mature articular cartilage maintain metabolic activity and minimal 
proliferative activity characteristic of their differentiated phenotype. They also synthesize ECM molecules including typical and relatively 
mature PG (aggrecan). This study confirms that either growth factors or PEMF alone can increase the synthesis of PG molecules of typical 
size and composition and that these two stimuli may have a synergistic effect to increase PG synthesis above the level achieved by either 
modality alone. This effect appears to be one of direct modulation of chondrocyte activity rather than a result of enhanced proliferation. 
Growth factor stimulates cell activity through specific membrane receptors and synergistic activity has been reported between certain 
growth factors. The mechanism of action of PEMF is less well known, but studies have suggested that the alterations in membrane 
receptor activation for PTH and TGFB are possible. Another potential explanation for the results reported here is a change in receptor 
population resulting in an enhanced sensitivity to ambient growth factors. The study also demonstrates the potential for older cartilage to 
respond to regulators of proteoglycan synthesis and to synthesize functional aggrecan and to restore and maintain levels of extracellular 
matrix GAG. The results also suggest that the regulators of older cartilage may be different than those of the younger cartilage. 

. RESULT.% There was no increase in ?? H thymidine incorporation indicating the absence of significant cell proliferation. DNA content was 
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EFFECTS OF COMBINED MAGNETIC FIELDS ON INSULIN-LIKE GROWTH FACTOR BINDING PROTEIN ACTIVITY 
IN BONE CELL CULTURES. J.T. Ryaby, N.A. Khin* and F.P. Magee. Research and Development, Orthohgic Corp., Phoenix, AZ 
85034 USA. 

Regulation of bone formation and resorption are tightly coupled and mediated through interaction of growth factors and cytokines with 
respective target cells, the osteoblasts and osteoclasts. This regulation can be influenced by biophysical input, both by mechanical and 
associated electrical signals. In addition, growth factors binding proteins are produced by osteoblasts and act as secondary modifiers of the 
growth factor response. Previously we reported that cell proliferation and insulin-like growth factor 11 activity were increased by exposure 
to combined magnetic fields (0. The hypothesis of the proposed research was that IGF binding proteins would be differentially 
regulated in response to CMF stimuli. This hypothesis was tested in both human osteoblast-like cell cultures as well as in explanted rat 
fracture callus cultures, using insulin-like growth factor (IGF') as the model growth factor regulatory system. U2 human osteoblast-like 
cells were grown in DMEM/lO% CBS and plated at 40,OOO cells/cm2 and grown to confluence. Cultures were then transfened to serum- 
free DMEM prior to the start of the experiment. The Einhom-Bonnarens closed fracture model was employed in these studies using 
Sprague-Dawley rats. Rat fracture callus was sterilely dissected (8 and 14 days posr-fx) and grown in DMEM/S% FJ3S for 24 hours, then 
transferred to serum-free DMEM containing 0.1% BSA for an additional 24 hours prior to the start of the experiment. Combined magnetic 
fields (CMF) were generated by an exposure apparatus consisting of a round (30 cm diameter) double wound Helmholtz coil pair with a 
toggle switch which provides for sham or active exposure conditions. The coil apparatus was supported by a nonconducting, nonmagnetic 
polymeric frame powered by a function generator and amplifier. The CMF utilized was either a 40 pT or 120 pT p-p AC sine wave 
superimposed on a 20 pT DC magnetic field with frequencies of 15.3 and 76.6 Hz. The duration of exposure to the CMF was 30 
minutes/day with conditioned medium samples collected 72 hours post exposure. Exposure to growth factors or osteotropic agents (PTH, 
10-8M) was continuous. All exposures were performed in a Co;! incubator at 37 "C, with temperature monitored daily with an accuracy of 
0.1 "C. IGF binding proteins in conditioned medium were determined by Westem ligand blotting using 1251-recombinant IGFI/II as 
described by Hossenlopp. Identity of binding protein type was performed by monoclonal antibodies/westem blotting. In U2 osteoblast 
like cells, CMF (120 pT, 15.3 Hz) decreased levels of IGFBP5 in a dose dependent manner. CMF at 40 pT, 15.3 Hz decreased IGFBPS by 
30 percent, and by 60 percent when the AC amplitude was increased to 120 pT. A similar response was observed with the positive control 
interleukin 1 a. In contrast, IGFII increased levels of IGFBP5 2.5 fold in the same time period. IGF binding protein (BP) analysis was 
also performed on day 8 and 14 fracture callus cultures. In day 8 fx callus, FTH was observed to increase levels of BP3 by 2.1 fold, with 
no effect observed with either CMF(40 pT) at 15.3 or 76.6 Hz. Of interest, in 14 day fx callus, both CMF (40 pT) at 15.3 and 76.6 Hz, as 
well as PTH, increased BP3 levels by 2.4 and 4.8 fold, respectively. These results suggest that IGF-II growth factor activity may also be 
regulated at the IGFBP level by CMF exposure. In conclusion, the results with both the osteoblast and fx callus cultures suggest that the 
effect of biophysical input, such as CMF, may act in general by stimulating growth factor and cytokine signalling pathways which regulate 
musculoskeletal healing. 

IP-1391 
SIGNIFICANT ADVANTAGES OF HIGHER FREQUENCY AND AMPLITUDE ELECTROMAGNETIC PULSES I N  
THERAPEUTIC CLINICAL APPLICATIONS. B.A. Frome*, P.T. Pappas* and C. Wallach. International Pain Research Institute, 
Los Angeles, CA 90025 USA. 

We have found that significant clinical advantages obtain by using regenerative oscillations in a plasma cell to greatly increase the 
frequency and amplitude of Pulsed Electromagnetic Field (PEMF) devices in therapeutic applications. It appears that designers of Pulsed 
Electromagnetic Field (PEMF) devices for clinical use have been limited to some extent in producing very high amplitude, very short, EM 
pulses by (1) the regulatory restriction to the 27 MHz band, (2) the availability of practical components for that spectrum, and (3) concern 
about the possibility of thermal damage at tissue and cellular levels. Within these limitations, PEMF devices have proven to be a useful 
therapeutic modality for a number of pathophysiological conditions (e.g. accelerated wound and trauma healing; reduction of edema, 
hematomas and muscle spasm; repair of nerve injury; arthritis; ulceration, and panicularly the reduction of pain from all of the above 
conditions). However, by greatly increasing power and frequency parameters without compromise of thermal effect protection, the 
efficacy of PEMF therapy may be substantially enhanced in terms of faster effectiveness, longer-lasting pain relief and fewer treatment 
sessions. Using an atmospheric plasma cell developed by Pappas, we have been able to generate extremely short EM pulses of 250 MHz 
oscillations at a peak power level on the order of 1 Mw at a duty cycle of 0.1% with a maximum thermal energy of only 5Oi10 Joules/sec, 
equal to or much lower than PEMF devices operating with much higher duty cycles in the 27 M H z  range. In employing these novel PEMF 
parameters experimentally on animals and humans over the past five years, no investigator has reported any adverse side effect on subjects 
or technicians exposed to pulse fields for extended periods. Moreover, in addition to enhancing the effectiveness of results in the above 
cited physiopathologies, we have repeatedly observed the unexpected phenomenon of immunopotentiation associated with the rapid 
reduction of microbial or fungal infections and the arrest or remission of certain tumor growths. We have seen remissions of AIDS-related 
complications, opportunistic infections and reversal of falling T4cell count in our Los Angeles clinic where a number of AIDS patients 
continue to come to us for life-support treatments consisting of a half-hour exposure on a weekly or biweekly basis. The clinical 
effectiveness of this device warrants a large-scale study and a detailed exploration of the biological and biochemical mechanisms at 
cellular level, especially with respect to the apparent immunopotentiation phenomenon. 

Ip-1411 
THERAPEUTIC EFFECTIVENESS OF INFRA-RED LASER RAY COMBINED WITH QUASI-STATIONARY 
ELECTROMAGNETIC FIELD I N  PATIENTS WITH OSTEOARTHROSIS. G. Markarov, A. Zaslavsky and I. Markarova. 
Clinical Hosp. 83, Moscow 115598, Russia. 

INTRODUCTION: Clinical use of laser is known, although its effectiveness decreases in case of affection of major joints in stout patients 
with white skin. It is connected with high optic density of these biotissues for low-intensity laser ray. Thus, very acute is the search for the 
means decreasing the optic density of tissues for laser and increasing the depth of its penetration and therapeutic effect. 
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We have constructed a device which allows us to combine in time and space -.e infra-red laser radiation (- 850 nm, P- 6 MW/sq.cm.) and 
quasi-stationary pulsed low-frequency electromagnetic field (PLEhF), 20-220 Hz frequency, as well as to camy monolaser and mono- 
PLEMF therapy -a videolaser. Simultaneous exposures of tissues to laser and PLEMF produce photoelectromagnetic effect (electromotive 
force), which inhibits the dipole reversion, reoriented by laser effect, prolonging its effect and increases the dielecaic penetrability for laser 
and its penetration depth. At the same time, PLEMF itself, improving hemodynamics, provides for therapeutic pathogenetic effect in 
patients with osteoarthrosis. Moreover, increasing tissues vascularization, PLEMF provides for the diminishment of optic density for laser 
which increases its penetrability depth and effectiveness. 
MATERIALS AND METHODS: Investigation and treatment was canied by double blind method of 76 patients with osteoarthrosis (OA). 
All patients were divided into the main and 3 control groups. No drug therapy was used. 
The main group (31 person) received combined therapy - laser exposures and PLEMF. The 1st control group (15 persons) received laser 
placebo and PLEMF placebo. The 2nd control group (15 persons) -- monolaser therapy. The 3d control group (15 persons) -- mono- 
PLEMF therapy. 
All patients were examined as for computer thermography, computer reflexo-dyagnosis by Riodoraque, articular rheography, isotopic 
investigation, assessment of IgG, IgA, IgM, rheumatic probes. The articular syndrome was assessed by Richie before and after the 
treatment. The effectiveness of treatment in the main group made up 94,3 %; in the 1st control -- 6.6 Z, in the 2nd -- 83.1%. in the 3d -- 
79.5%. 
DISCUSSION AND CONCLUSION The analysis of the results showed the positive dynamics of indices in thermography, radioisotopic, 
immunologic investigations, shorter terms of arresting pain, inflammatory process in the main group of the patients. The combined use of 
PLEMF and laser makes it possible to cure chronic torpidiously developing DOA with flaccid synovitis which can be hardly cured by 
mono-laser and mono-PLEMF therapy. 

-1 
PULSED MAGNETIC FIELD IN THERAPY OF PROSTATODYNIAS. A PILOT STUDY. P. Nayatil*l, J. Jerabek*2, A. 
La~terbach*~, I. Novak*l, R. Sistekl. lUrologicka klinika, FN Hradec Kralove, Czech Republic. 2Statni zdavotni ustav, Praha, Czech 
Republic. 3 2 ~  s.r.0.. Hradec Kralove. Czech Republic. 

Prostatodynias represent a major therapeutic problem in urology. They are based usually on prostatitis and even if the basic pathology is 
successfully cured patients suffer from cruel pains localized either in anus, or perineum, testes, lower abdomen, etc., together with sexual 
dysfunction and irritation syndrome which can hardly be affected by known therapeutic approaches. As pulsed magnetic fields exhibit, 
among others, analgesic and anti-inflammatory effects in various diseases, we decided to verify our idea about their therapeutic potential in 
prostatodynias. We used a generator of pulsed magnetic fields known as ULTIMAG generating on the applicator surface magnetic field 
with magnetic flux density 18 mT, frequency 25 Hz, triangular shape with the impulse width 10 ms. 21 patients were treated altogether. 
Perineal region was exposed for 10 days, for 30' daily. For evaluation we used the AUA (American Urological Association) questionnaire, 
bacteriological tests, laboratory examination of blood samples focused among others to PSA (prostatic serum antigen) levels as a marker 
for prostatic cancer, uroflowmetry. Evaluation was performed at the beginning of the treatment, at the end of therapy and after next three 
months. It was found that immediately after the therapy no significant changes were found in parameters tested but after three months 
mainly the algic syndrome was significantly influenced, as well as sexual dysfunction and irritation syndrome, but to a lesser extent. This 
delay in the effect onset lead us to the idea that the results found can not be attributed to the placebo effect. No changes were found in 
laboratory tests. In some of the patients even improvements in uroflowmetrv were found. It is important that no changes were found in 
PSA levels that showed no contribution of magnetotherapy to prostatic cancer development under the conditions described. It may be 
concluded that magnetotherapy can be understood as a good method in the complex therapy of prostatodynias. 

I RF AND MICROWAVES IN MEDICINE I 
Ip-1451 
MINIMALLY INVASIVE PERCUTANEOUS MICROWAVE TREATMENT FOR CARDIAC ARRHYTHMIAS. J.C. Linl, 
S.K.S. Huang*, F. Mazzola2, L.A. F5res2, A.B. Wagshalz, R.S. Mittleman2, Y-J. Wangl and H.F. Cuennoud3. luniversity of Illinois at 
Chicago, College of Engineering (MIC 154), Chicago, IL 60607 USA. University of Massachusetts Medical Center, 2Division of 
Cardiovascular Medicine and 3Department of Pathology, Worcester, MA 01655 USA. 

There has been increasing interest in the use of microwave energy for ablative treatment of ventricular and superventricular cardiac 
arrhythmias. The absorption of microwave energy in biological tissue is governed by the source frequency, antenna cofliguration, as well 
as tissue permittivity. The distribution of absorbed energy can be controlled by judicious design of the antenna. Also, by taking advantage 
of the wavelength contraction that takes place in tissue media, antennas can not only be designed to provide discrete localization of 
microwave energy absorption. The absorbed energy is converted into heat by dielectric loss to cause varying degrees of tissue 
modifications. 
Several microwave catheter a n t e m  have been suggested for the new treatment modality. In this study, custom-made, split-tip, flexible 
catheter microwave antennas (2450 MHz, 7F, 4-mm long tip for bipolar recordings) were used for in v i m  experiments and for closed- 
chest ablation in anesthetized mongrel dogs. Each dog received several microwave treatments of 30 watts for 30 seconds. Histology 
showed discrete lesions. The mean dimensions of lesions were 9.25 x 7.5 x 6.1 mm for the atrioventricular (AV) junction, and the right 
and left ventricles in animals killed immediately after the procedure. The hemiellipsoidal lesions consisted of a central crater covered by a 
thin layer of thrombus, and a pale necrotic and hemorrhagic peripheral zone. 
No complications developed in any of the procedures. There was no change in the arterial pressure during microwave delivery. AV 
junction ablation was performed in nine dogs. Complete heart block was achieved in eight of the nine animals with a mean number of 5+/- 
4 energy deliveries. In all cases, there was a stable ventricular escape rhythm between 30 and 40 bprn and complete heart block persisted 
until sacrifice two hours later. 
This work was supported in part by the National Science Foundation under Grant No. BCS-9110184. 
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IP-1471 
USE OF TRANSRECTAL (TR) AND TRANSURETHRAL (TU) MICROWAVE HYPERTHERMIA (MW-HT) IN 
TREATMENT OF DISEASES OF THE PROSTATE. S. Szmigielski, B. Stawarz*, H. Zielinski* and J. Ogrodnik*. Center for 
Radiobiology and Radiation Safety of the Military Institute of Hygiene and Epidemiology and Dept. Clinical Urology MMA Postgraduate 
Medical School, 00-909 Warsaw, Poland. 

Local microwave hyperthermia (MW-HT) using 434-2450 M H z  radiation has been for several years applied as an adjunct form of 
treatment of advanced solid tumors with the reported results varying from transient complete remissions to no effects at all. Progress in 
construction of transrectal (TR) and transurethral 0 applicators for MW-HT allowed in the early 80-ties for use of MW-HT in treatment 
of advanced prostate adenocarcinoma (PAC) and later of benign prostate hyperplasia (BPH) and chronic non-bacterial prostatitis (CPST). 
For the recent few years MW-HT has been widely introduced into numerous urologic centres due to promising results in treatment of 
patients with non-neoplastic diseases of the prostate (BPH and CPST), however indications and protocols for MW-HT therapy are not yet 
definitely established and not much is known about long-term effect and benefits of the therapy. The present authors use MW-HT for 
therapy of diseases of the prostate for 10 years and during this time a total of 400 patients (120 with PAC, 210 with BPH and 70 with 
CPST) have been treated and observed. All patients were treated with identical grotocol(6 sessions of MW-HT applied every third day; 
each session lasted 45 minutes with temperature inside the prostate fixed at 43.5 C), however for 245 (61.2%) of patients TR applicators 
were applied, for 118 (29.5%) TU and for the remaining 37 (9.25%) a simultaneous heating of the prostate using both TR and TU 
applicators has been practiced. All the tested forms of MW-HT of the prostate appeared to be safe procedures and no serious sideeffects 
or complications of the therapy have been noted, except of mild haematuria and/or local irritation of urethral/rectal surface. In patients 
with advanced PAC only palliative effects could be observed and about 45% did not respond to MW-HT at all with measurable 
locoregional remissions of the heated tumors, however, single cases in every treated group appeared to be "exceptionally good responders" 
(10-15 96 of PAC cases) with long lasting remissions and survival of 5-7 years from MW-HT therapy. 
In patients with BPH MW-HT therapy appeared to be a real alternative to surgery and resulted in remissions (both subjective and objective 
improvement) lasting few-several months after completing the MW-HT protocol. A comparison of TR and TU MW-HT in patients with 
BPH revealed that TR applicators provide remissions in about 40% of cases, while TU-HT is significantly more efficient with benefits in 
about 80% of BPH patients. Analysis of long term effects (observation up to 2 years following MW-HT) indicates that most persistent 
improvement in urination in BPH can be obtained after combined heating of the prostate with TR and TU applicators. 
Monitoring of granulocyte and lymphocyte functions in patients treated with MW-HT of the prostate revealed that this therapy stimulates 
cell-mediated immunity €or 1-2 months that may become an additional benefit for the patients and m a y  have clinical relevance. 
Acknowledgement: 
This work was supported by Research Grant 4/4018/91/02 from the National Committee of Scientific Research (KBN) in Poland. 

healing 
High frequency rapid bleeding comparatively high 
Laser rapid good high 
Microwave or R. F slow general high 
hyperthermia 

. Microwave resection good no bleeding rapid low ~ 

IP-1491 
A NEW PROSTATE TREATMENT USING MICROWAVE. H. Qian. Nanjing Bestar Microwave Energy Lab., Nanjing 210013, 
P.R. China. 

At present, more aged males are taken ill with enlarged prostate gland which influencing the healthy of them. Although there are varied 
therapeutic methods may be taken with, but, in the paper, a kind of unique therapeutic method will be presented. A specially microwave 
therapeutic probe is adopted for vaporization of the of the enlarged prostatic tissues. There is neither bleeding nor troublesome, and the 
enlarged tissues can be rapidly and effectively resected. This new technique is much better than any kind of other methods and revealing 
its popularizing prospect. 
Method. 
A microcomputer controlled microwave therapeutic instrument is adopted. The microwave output power is 0-15OW adjustable; its output 
frequency is 2450 MHz. There is a specially therapeutic probe with a strong electromagnetic field being enough produced at its terminal 
and making the probe to vaporize and resect in progress for the enlarged tissues in the water filled urethra. 
Result.. 
All the patients making use of the new. technique can resect the enlarged tissues by single operation only and the urethra is ideally dredged 
without bleeding. 
Comparison between microwave resection and other methcxis 

Name 1 Speed of operation I Effect 1 Cost of device 
Operation I Slow I massive bleeding and slow I low I 
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p r j  
THE ADVANCE ON THE. MICROWAVE APPLICATION IN GYNECOLOGICAL DISEASES. H. Qian and J. Zhang. Nanjing 
Bestar Microwave Energy Lab., Nanjing 210013, P.R. China. 

This article summarize the advances of microwave applications in the Gynecological diseases. There are distinct therapeutic effects of 
microwave in cervicitis (including cervical polyp, cyst and erosion), vaginitis, pelvic inflammation, annexitis (including sterility due to 
salpingitical stenosis), pruritis of vulva, acuminata condylomata), mastadenitis, puerperal swollen of mammary gland, puerperal retention 
of urine ,etc. It has been spreadly applied in China already and revealing particular superiority. 
1. Treatment of cervicitis: 
There is a kind of specialized designed microwave probe. In front of the probe, there is a lOXlOmm electromagnetic field which may 
produce heat instantaneously at the inflammatory area, making the tissues coagulate rapidly to destroy the epithelial cells of the erosion 
area, causing the latter to be necrosed and exfoliated, and a new layer of squemous epityelial cells will be recovered and healed in single 
operation. The rate of cure effect is 100%. 
2. Treatment of vaginitis: 
A kind of newly designed probe which can make all-around radiation along the circumference of the wall of vagina to achieve insecticidal 
and bactericidal effects. It is especially very effective to intractable vaginitis which will be cured within seven days. 
3. Puerperal swollen of mammary gland and purperal retention of urine: 
A direct radiation antenna of greater applied field is designed in order to male the penetrative power of the microwave may improve the 
blood circulation and the nutrition condition of the pelvic and it will be cured within seven days or so. The dysmanorrhea will be relieved 
right away. Obvious good effect has been produced sterility. In case of the treatment of pruritus of valva, mastadenitis, the puerperal 
swollen of mammary gland and the puerperal retention of urine, they will be cured by 3-5 times of radiation only. 
4. Treatment of acuminata condylomata: 
By the application of needle-shaped double head microwave probe may make the acuminata condylomata to be coagulated and necrotized 
by single operation, achieving the goal of cure. 
Conclusion: 
The growth of the application of microwave on gynecological diseases is very rapid with good effects and it has been warmly welcomed 
by the hospitals and the patients. It is a kind of nice therapeutic method. 

Ip-1531 
THE TREATMENT OF CERVICITIS WITH MICROWAVE. Q-G. Zhu. Gynecologic & Obstretric Division of Wu-Jing Hospital, 
Shanghai, 200241 P.R. China. 

Patient selected and method in manipulation: 56 cases of cervicitis being treated by microwave were married women of the late half year, 
34 cases among them aged 25-35, and 45 cases among them suffered with 2nd degree of erosion. 
One week after menstruation and passed through an overall gynecologic examination being decided for the treatment of applying the 
Bestar Microwave Insaument Model I1 manufactured by Nanjing Bestar Microwave Energy Laboratory, the patient, in the course of 
treatment, remained in a vesico-.vaginal lithotomy position. The operator exposed the patient's cervix by means of vaginal dilator in one 
step, rubbed off the secretion, inserted a long handle sound of the instrument into the vagina pressing the head of sound close to the focus, 
and pedaled on timer for 10-20 seconds with a working current of 60( ) approximately; then applied the head of sound proceeding a 
rotative scorch quickly from the inside to the outside, but generally a bit over the edge of the focus. During the process, the microwave 
solidified the elements of the inflammatory tissues instantly and made the surface of the focus flat and white by the heat due to rapid 
motion. The treatment was thus brought to close successfully. 
The result of the treatment was that all 56 cases were radically cured in a single treatment. The total effectively amounted to 100%. 
Conclusion: Owing to the simple and quick manipulation easy to grasp, without paste smell, no any noise, and the patient not only less 
nervous but also willing to take concert action, cervicitis treated by microwave is rather worthy to spread as a new method. 

jP-1551 
THE APPLICATION OF MICROWAVE THERAPY IN OBSTETRICS AND GYNECOLOGY. H.X. Xiu. Shanghai Wang Pu 
District Central Hospital, Department of Obstetrics and Gynecology, Shanghai, 2oooO2 P.R. China. 

During recent one year, MTI-111 Microcomputer controlled multifunctional microwave therapeutic instnunent*, had been utilized to a total 
of 631 cases of common diseases in the Obstetric and Gynecologic services with significant therapeutic effects. The age of the patients 
ranged from 14 to 75 years. The long handle bipolar probe was used to treat cervicitis 3-5 days after mensmtion, and the vaginal probe 
for vaginitis at the post-menstrual period, while the external radiation probe was applied to the other diseases. Except for cervicitis which 
only needed application once, treatment of the rest diseases was undertaken every day for 3-10 days as a course. The results after one 
course of treatment were as follows; cure in 68 cases of mastitis, mastalgia and mastostasis as well as in 23 cases of cervicitis, relief of 
postoperative scar swelling and pain in 18 cases (100%), subsidence of vulvitis in 87 cases and vulvar pruritis in 57 cases, suppression of 
inflammation and pain in 96 cases of pelvic inflammatory diseases, analgesia of dysmenorrhea in 42 cases and a response rate of 90.17% 
in 240 cases of vaginitis. The MTI-III Microcomputer controlled multifunctional microwave therapeutic instrument is proved to have the 
advantages of multiple functions, high efficiency, safety and reliability, easiness to manipulate and control. It is worthwhile to have more 
trials in the field of Obstetrics and Gynecology. 
*manufactured by Nanjing Bestar Microwave Energy-Laboratories Ltd. 
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Ip-1571 
MICROWAVE TISSUE COAGULATION FOR THE TREATMENT OF CHRONIC CERVICITIS. 2. Junfa et al. The Affiliated 
Hospital of Shangha~ Railway Medical College, 200061 P.R. China. 

2000 cases of chronic cervicitis including erosion, polypus and Nabothian cysts were treated with microwave tissue coagulation (MTC) 
from Oct. 1989 to July 1993 in our hospital. The instrument employed to effect the MTC was the gyniatrics microwave therapeutic device. 
This apparatus provided 2450 MHz microwave with a regulatable output from 0 to 110w and several shapes of applicators. 
The patients were placed in the lithotomy position. No anesthesia was needed. The applicator was introduced into the vagina and touched 
the disease area. Then focus of the cervix were radiated with microwave energy of 50-7Ow for 3-5 seconds until turned white of the tissue 
surface. About 10 days after MTC therapy the scab on the cervix exfoliated. Generally, 30-50 days after treatment the squamous 
epithelium was repaired completely and the m i x  became smooth and soft. 
The cure rate is 98% and the effective rate is 100% in these patients. This new therapeutic method is easy to use, convenient, rapid, 
painless, safe and without bleeding for chronic cervicitis without any side-effect. 

Ip-1591 
EFFECTS OF MICRO-WAVE THERAPY ON PELVIC INFLAMMATION. M-J. Wang. Gynecol. and Obstet. Hospital Shanghai 
Medical University, Shanghai 20001 1, P.R. China. 

20 patients of pelvic inflammation were treated with micro-wave from April 1992 to Sept. 1993 (Model MFTI-IV made in Nanjin Micro- 
wave energy Company LTD.). 14 of them complained of low abdominal pain, one pelvic adhesion, the other hydrosalpinx with left ovary 
endometrioid cyst. 
The extra probe, a round-shaped radiator is placed on the low abdomen, with 3 cm in distance to abdomen wall, 8.5 cm in light spot 
diameter and electric current 30 mA, 20 minutes a time. 10 times will be a treatment course. After 2 to 3 times, among 14 patients, 2 of 
them recovered completely, 2 improved a lot, 9 reduced a litter and missed the followup. Three infertilited patients conceived for the 
improvement of their eluct patency. One with hydrosalpinx recovered completely which was proved by hysterotubography and 
endometrioid cyst became small. 
In one word, Micro-wave therapy is effective to pelvic inflammation. The mechanism may lie on the biologic energy which makes the 
tissue polar cells oscillate with the high frequency, then the colloid granule of ions produce heat energy which ameliorate the local 
circulations, improve the metabolism and quick the absorbs of inflammation. 
We think micro-wave is a convenient, effective physical method for pelvic inflammation. 

IP-161 1 
TEMPORAL ASSOCIATION OF 500 KILOHERTZ RADIOFREQUENCY SURGICAL COAGULATOR FIELDS, RADIO 
AMATEUR 14/28 MEGAHERTZ RADIOFREQUENCY FIELDS AND UNTOWARD CLINICAL MEDICAL EVENTS. R.B. 
Shepard. Division of Cardiothoracic Surgery, University of Alabama at Birmingham, Birmingham, AL 35294 USA. 

The objective is to report three sets of clinical cardiovascular events temporally associated with strong radiofrequency fields. Causal 
relationship in the multivariate risk factor sense is not shown. The events have been (1) dissection of an internal carotid artery, (2) lethal 
impairment of cardiac contractility, and (3) high cardiac pacing thresholds. Study methods have been (a) clinical observations and (b) 
measurement of RF voltages induced in pacemaker leads. (Case 1) A 55 year old amateur radio operator athlete in 1981 did three things 
unusual for him. He began neck muscle exercises and had to increase his collar size by 1/2 unit. He began to use a radiofrequency linear 
amplifier in contrast to his previous activity with no linear amplifier. When he used a non-resonant antenna at 14 or 28 megahertz, a 
qualitative RF field strength meter at his side showed measurements an order or magnitude higher than had existed previously. He began 
to get a generalized headache each time he operated the transmitter at 14 MHz and 1000 watts RMS power. The headaches had not 
happened in the past After several occurrences, he stopped operating the transmitter because of the headache which came only when he 
was using the linear amplifrer. He then ran in a 10 kilometer race as was not unusual for him and two days later developed an intermittent 
lancinating severe headache on the left and a change in taste perception. Two weeks later he had a transient episode of left-sided 
blindness. Bilateral angiography showed normal, non-atherosclerotic neck and cerebral arteries except for tapering occlusion high in the 
neck of the otherwise normal left internal carotid artery. He recovered completely functionally. Progressive dissection of the arterial wall 
had produced the occlusion. and collateral circulation the recovery. The artery remains occluded 11 years later. He continues to be a radio 
amateur. He now uses better antenna matching and no linear amplifier. (Case 2) A one year old child in 1984 had an absolutely 
unexpected lethal decrease in cardiac contractility in the operating room, just before chest closure following open-chest implantation of a 
cardiac pacemaker. Cardiac contractility had been normal initially, and anesthetic and surgical management were entirely proper. For this 
child, the 500 kilohertz radiofrequency elecvocoagulator with its damped waveform (containing multiple Fourier low-frequency 
components) had been used to stop small bleeding points in the chest wall adjacent to the heart but not on the heart (as is done hundreds of 
times daily around the world). (Case set 3; previously described, NASPE, Montreal, 1979). In 133 patients having permanent 
intramyocardial pacemaker leads implanted during or before open-heart operations in which the radiofrequency coagulator was used, high 
pacing thresholds developed in 13.5%. In 681 patients in whom similar leads were implanted during non-open-heart operations without 
use of the radiofrequency coagulator, 8.7% (p=O.ll) developed high pacing thresholds. In the operating room, placing a fluorescent lamp 
near the 500 kilohertz RF electrocoagulator cord overlying the patient, without physical contact, results in lighting of the lamp. In a patient 
mockup with the RF cord near the pacer lead, 140 RF volts were measured between the tip of a unipolar pacemaker lead and the pulse 
generator. 
(Rationale and speculative conclusions) (1) RF currents induced within blood. vessels may, as functions of frequency, of vessel 
dimensions, and of current exit sites (e.g.. at intimal tears) be a factor in extension of blood vessel lesions. (2) RF currents induced in 
pacemaker leads may exit through the electrodes into the heart muscle and at those sites produce scarring and resultant high pacing 
thresholds. (3) Modulated-radiofrequency coagulator currents at the heart, when certain combinations of the earth's magnetic field vector 
and low or sub-audiofrequency (e.g. 16 Hz) RF modulation vectors coincide may, without heating, change calcium and potassium transport 
across myocardial cell membranes and. thereby alter cardiac contractility in patients. 
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IP-1631 
SKIN TEMPERATURE SCAN WITH FLEXIBLE SENSOR ARRAY. N.H. Nessler. University of Innsbruck, Institute for 
Experimental Physics, A-6020 Innsbruck, Austria. 

Scanning the skin temperature at the neutral electrode (grounding plate), used in RF-surgery, in vivo (volunteer experiments) and in vitro 
(surrogate medium) helps to avoid skin bums of patients and in the development of new and better electrodes. RF-current, used for 
electrosurgery, causes energy loss and a temperature increase at the neutral electrode. To measure this temperature a flexible sensor array 
of 180 SMD-transistors on an area of 180 cm2 with the necessary scanning electronics was developed and calibrated by comparison with a 
therm0 camera. The accuracy for the measurement of temperature is 0.4 "C, for temperature increase 0.2 O C .  An electronic simulation of 
the electrical parameters of the human skin is used to test commercially available grounding plates and to develope new designs. 
Dangerous effects of unproper applied electrodes can be simulated and displayed graphically. Numerous experiments with male and 
female volunteers showed the effects, which have been predicted theoretically (edge effects, dependence of the temperature increase of the 
skin resistance, the skin thickness, the applied RFcurrent and the current duration). These experiments lead to recommendations for the 
maximum current and duration for various electrode sizes (adult, infant, baby) and allowed recommendations for electrode design. In 
volunteer experiments females showed a significantly higher energy dissipation and temperature increase in comparison with male 
volunteers. The flexible sensor array can prove experimentally the results of the theoretical simulation calculations and furthermore can be 
used for monitoring the temperature course during operations for more safety of the patients. 

IP-1651 
THE COMPARATIVE RESULTS OF THE USE OF SURGICAL AND COMBINED TREATMENT FOR LUNG CANCER 
USING RADIOTHERAPY AND MICROWAVE HYPERTHERMIA. P.A. Maligonov and 1.1. Smolanka. Institute of Oncology and 
Radiology, Kiev, Ukraine. 

We followed up 61 patients with lung cancer at the thoracic ward which were subject to surgery and combined treatment from 1986 to 
1988. Later outcome of all patients was followed in every patient. 
We studied 3 patient groups to evaluate the role of each treatment component: 30 patients were administered radical treatment only; 26 
patients were given preoperative radiotherapy and radical surgery while 15 patients received preoperative telgammatherapy with local 
microwave hyperthermia and surgery. 
In the two groups telegammatherapy was administered according to single methodology. Following topomevy preoperative irradiation 
was administered intensively on a daily basis using "ROCUS" equipment in a static mode from two fields. A single dose was 5 Gy, while 
the total focal dose amounted to 20 Gy. Surgery was performed after 2-3 days following irradiation and in 4 cases after 2 weeks. 
Local hyperthermia was administered using a modified apparatus "Volna-2" with a specially developed emitter antennddiameter-9 cm, 
frequency - 460 MHz, voltage - 120 W for 1 hour following 2 hours of telegammatherapy. The temperature on the tumor surface was 
monitored with a Cuconstant thermopair installed into a bronchoscope. It reached 42.5 to 43.5 degrees Centigrade. According to our 
findings, after 3 years after treatment 13/43.3%/ patients were still alive after surgery, 11/42.3% after preoperative gamma-therapy/Group 
II/ and 7/47.7%/ after preoperative hyperthermia with irradiation /Group In/. Five-year survival for patients in Group I was 26.7%/8 
patients/, 30.8%/8 patients/ for Group I1 and 33.3%/5 patients/ for Group III. Thus, 71.4%-72.25 patients were alive 5 years after 
preoperative irradiation combined with microwave hyperthermia. During initial 3 years of follow-up tumor relapse was detected in 3 
patients/lO%/ of Group I, 1 patient/3.8%/ from Group II and 1 patient/4.6%/ in Group III. Thus, our method of hyperthermia is well 
tolerated before preoperative irradiation, does not complicate surgery and does not lead to post-operative complications. Therefore, 
hyperthermia in combination with preoperative irradiation can improve direct and remote treatment results. 

I EXTREMELY HIGH FREQUENCY THERAPY I 
1- 
DIFFERENT EFFECTS OF EXTREMELY HIGH FREQUENCY ELECTROMAGNETIC FIELD ON THE EARLY STAGE OF 
THE WOUND HEALING PROCESS. I. Detlavs*, L. Dombrovska*, B. Shkirmante* and L. Slutskii*. Latvian Research Institute of 
Traumatology and Orthopaedics, Riga LV-1005, Latvia. 

Our clinical practice has proved the positive effect of extremely high frequency (EI-F) electromagnetic field ( E m  on the healing of 
wounds and trophic ulcers. The aim of this study was to investigate the effects of EHF-EMF on biochemical parameters of granulation- 
fibrous tissue (GFT) in an experimental wound model. 
A study was made on excised full-thickness dermal wounds in the interscapular region in 60 Wistar rats. The wounded regions of 
experimental animals were subjected to EMF for 30 minutes daily during the fiist five days after wound infliction. In the control series 
operated animals received no treatment. We used: 1) EHF-EMF with frequency 53.53 GHz, power density 10 mW/cm2; 2) EHF-EMF of 
the same power density with frequency 42.19 GHz. Both these fields were generated by apparatus "Yav-1 'I, Russia, without frequency 
modulation. I n the third experimental series an EHF-EMF with the same frequency and power density as in the second series was 
generated by apparatus "Shlem-1 ", Russia, but in this case the EMF differed by the presence of a frequency modulation band 200 MHz 
wide. On the 7th day the animals were terminated and the GFT developed in the wound defects was subjected to complex quantitative 
biochemical analysis. 
Analysis of the obtained biochemical parameters shows that the EHF-EMF without frequency modulation decrease the components of 
glycoprotein macromolecules-hexosamines, hexoses and sialic acids. It means that the inflammatory exudation was diminished, since at 
the early stage of wound healing the inflammatory exudate contains the main part of glycoproteins. 
In striking contrast, in the 3rd series, under the influence of EHF-EMF of the same mean frequency as in series 2nd, but with a band of 
frequency modulation, hexoses and especially sialic acids concentrations were significantly elevated (p< 0.001). Here one can speak about 
exudative phenomena intensification. 
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As a consequence of inflammation inhibition, in series 1st and 2nd the total collagen accumulation evaluated by hydroxyproline 
determination was retarded or diminished, but in the 3rd series, where the inflammatory phenomena were intensified, pronounced (by more 
than 25 per cent) augmentation of collagenous proteins was noted. 
Both in retardation and acceleration of collagen accumulation, there is no gross qualitative deterioration of collagenous structures, as we 
can judge from practically unchanged Hydroxylysine/Hydroxyproline ratio. 
There were no great differences in the coefficient Hexuronic acids / Hydroxyproline between control and fist two experimental series 
@>0.05). This fact indicates an unchanged quantitative relationship between interfibrillar substance and collagen fibres in the extracellular 
matrix of GTF. Only in the 3rd series the coefficient was diminished (on the account of elevated hydroxyproline concentration), and this 
may stand for a further progress in GFT development (transition from granulation- fibrous to fibrous tissue). 
Conclusion. Our experimental data show clearly that biochemical changes of the wound granulation-fibrous tissue are directed differently 
in dependence of peculiarities of EMF. It was noted that one of important factors in this aspect is the presence or absence of frequency 
modulation. The fact that EHF-EMF can influence the proliferative - reparative connective tissue reaction in opposite directions, either 
inhibiting or stimulating its inflammatory stage and GFT development is of great practical significance, since it opens a possibility to 
choose a kind of EMF for wound and ulcera treatment in dependence of clinical healing course. 

(p-1691 
USE OF MM-DIAPASON EXTREMELY HIGH FREQUENCY ELECTROMAGNETIC RADIATION IN DUODENAL ULCER 
WITH PRONOUNCED ALGESIC SYNDROME. E. Starodub. 0. Samogalska*, M. Gavrylyuk*, M. Starodub* and I. Melnik*. 
Medical Institute, Temopol, Ukraine. 

Extremely high frequency electromagnetic radiation (EHFEiR) of mm-diapason is generally known to be responsible for the correction of 
physiologic condition in psychosomatogenic diseases. The effect of EHFER on the course of duodenal ulcer with pronounced algesic 
syndrome as well as on Helicobacter pylori 0 and immune status has been studied. 63 HP-positive patients with duodenal ulcer have 
been examined (age 20-59 years, duration of the disease 1-12 years). Pronounced algesic syndrome was found in all patients. The 
diagnosis has been confimed endoscopically, the ulcerative damage being 0,6-1,8 cm in diameter. "Electronika-KVCH-102" device was 
used for the treatment at the background of minimum routine therapy. The therapeutic scheme consisted of 8 20-minutes' procedures every 
other day. Biologically active points E36 and CY4 were influenced on in 30 patients (group 1) whereas the most painful points in the 
anterior abdominal wall (reflexogenic zones of stomach and duodenum) were exposed effect of the device in group 2 (33 patients). The 
treatment resulted in pain relief after 5-7 procedures (group 1) and 3 4  procedures (group 2). Marked sedative effect occurred in 87,3% 
patients and scarring of the ulcerative damage -90,47%. The rate of repairing process did not depend on the point of EHFER application. 
The treatment resulted in 12.7% sanation of HP. 88,9% patients had. their immune status normalized, values being similar for both groups. 
Thus the most painful points in the anterior abdominal wall should be chosen for EHFER. Marked immunocorrecting effect of the method 
promotes sanation of gastric and duodenal mucosa from HP. 

IP-1711 
DEPENDENCE OF RESONANCE MMW EFFECT ON POWER DENSITY AND CELL CONCENTRATION DURING 
EXPOSURE OF E. COLI CELLS AT STATIONARY AND LOGARITHMIC PHASES OF GROWTH. I.Ya. Belyaev*, Y.D. 
Alipov*, V.S. Shcheglov* and V.A. Polunin. SRC "VIDGUK", Moscow Engineering Physics Institute, Moscow, 115409, Russia. 

A strong dependence of E. coli cell resonance response to weak millimeter waves (MMW) on cell concentration during exposure was 
found in preliminary experiments (1). Here w compared the half-widths and values of resonance effects while exposing the E. coli K12 

and therefore target of resonance interaction is determined by an individual cell or by the collective whole. The method of anomalous 
viscosity time dependence (AVTD) was used to study the changes in the genome conformational state (GCS) of exposed cells (2). MMW 
were applied during 10 min to the cell suspension in the Petri dishes with help of a device with four calibrated flap attenuators, each 
capable of reducing the intensity in the waveguide by 40-50 dB. The samples were shielded by carboncontaining and aluminum screens. 
The sham control was exposed in each experiment with the attenuators of the waveguide system shut down and the generator maintaining 
the generation regime. The cells were incubated 120 min after exposure before lysis. As far as the MMW resonance effects were shown to 
be dependent on static magnetic field, the cells were kept in ambient field of 48f5 pT from the beginning of cultivation to lysis. Twenty 
five experiments were carried ous in each of them ten selected MMW frequencies from 5 1.65 GHz o 5 1 855 GHz were used for 
exposure of stationary E. coli cells. The signitlcant effect of MMW was observed starting with W/cm$ and W/cm2 for low and 
high cell concentration respectively. The resonance frequency of 51.755M.001 GHz did not changed up to W/cm2 for both cell 
concentrations. Nevertheless, the effect was approximately four times more when exposin the cells in a concentration of 4*108 cell/ml. 

respectively. On the other han identi al dependences of half-width of resonance was obtained for both cell concentrations. This value 

exposing the logarithmic and stationary E. coli cells. Nevertheless, the resonance frequencies were differed by 4 MHz (pe0.003). The 
obtained results were analyzed by means of a model of conformal electron-phonon interactions (3). 
CONCLUSIONS. 
1. The resonance MMW effect of super low intensities depends on cell concentration during exposure. 
2. The half-width of resonance effect depends on power density but does not depend on cell concentration. 
3. The value of resonance frequency depends on the phase of cell growth. 
REFERENCES. 
1. I. Ya. Belyaev et al., Electro-Magnetobiol., 13,53, 1994. 
2. I. Ya. Belyaev et al., 2. Natwforsch., 47c, 621, 1992.. 
3. M.V. Volkenshtein, J. Theor. Biol. 34, 193, 1972. 

AB1157 cells at different concentrations (4.10 s low and 4*108 cell/ml, high). The main objective was to establish whether the half-width 

The resonance effect reached the plateau region beginning with W/cm2 and 10- 8 W/cm2 for high and low cell concentration 

decreased from 80 MHz at 10- 4 %  W/cm to 3 MHz at W/cm2. The same values of the resonance half-widths were obtained when 
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APPLICATION OF COHERENT SOURCES AND DEVICES OF MILLIMETER AND OPTIC BANDS IN BIOPHYSICS AND 
MEDICAL INVEST1 ATIONS. G.P. Ermak*l, A.M. Korobov*l, I.D. Revin*l, Ye.B..Senkevich*l, A.A. Balenko**, I.G. Kra z * ~  
and D.Yu. Sid~rov*~.  FInstitute of Radiophysics and Electgronics Academy of Sciences of Ukraine, 310085 Kharkov, Ukraine. I n e  
Municipal Hospital of Emergency Aid, Kharkov, Ukraine. 3Central Clinical Hospital-5. Kharkov, Ukraine. 

At present time in biophysical and medico-biological investigations of interaction effects of biological objects with millimeter and optic 
electromagnetic waves a great attention is shown to studying the resonance .effects of such interaction. Primarily this interest is due to the 
wide application of millimeter waves in gastroenterology, cardiology. oncology and other fields of medicine. The effects of resonance 
interaction predicted theoretically and confirmed experimentally low to approach to the explanation of the influence of millimeter signals 

such investigations connected with the study of frequency characteristics of a signal the coherent sources and measurement systems with 
the high quality spectral characteristic and high frequency stability should be applied. 
The most stable sources in millimeter wave band (or EHF band) are the Diffraction Radiation Oscillators (DRO) possessing the lowest 
values of natured noises (-130 dB/Hz). For investigations of thii structure of EHF signals (31-140 GHz) interacting with biological objects 
in real time and check for the reaction of patient organism on microwaves influence during EHF therapy treatments we applied the DRO- 
autodyne phasemeter and high resolution spectrometer on base of synchronized DRO. The spectrometer has the accuracy of frequency 
adjusanent 4 0 0  Hz, prolonged frequency instability 
At present time lasers are widely applied in medicine. It is well known the effective use of power lasers as a surgical instrument. But 
using lowly intensive laser emission in therapy based on the resonance interaction with tissues and blood elements is also of interest. It 
was experimentally shown that coherent radiation of 0,62 ... 0,67 mkm range in small doses possesses antiinflammation, anaesthetic action, 
stimulates regeneration of. tissues. We have developed a number of therapeutic laser-units for intravenous radiation treatment of blood and 
laser acupuncture. In these units helium-neon lasers with power of 2,25 and 40 mW are used as emission sources. Laser units are used for 
treatment of cardiovascular diseases, organs of breath, sight, purulent diseases. 

of low intensity (with flux density of power less than 10 mV/cm I! ) on processes of vital activity of living organisms and biosystems. For 

and sensitivity 2.10-19 W/Hz. 

(p-1751 
DEPENDENCE OF FREQUENCY OF RESONANCE INTERACTION BETWEEN LIVING CELLS AND LOW INTENSITY 
MILLIMETER WAVES ON GENOME LENGTH. V.A. Polunin*, I.Ya. Belyaev*, Y.D. Alipov* and V.S. Shcheglov*. Moscow 
Engineering Physics Institute, SRC "Vidguk", Moscow 115409, Russia. 

It was shown previously that millimeter waves (MMW) of low intensity affect the gene expression in E. coli cells (1). The MMW-induced 
changes in the genome conformational state (GCS) were proved to play important role in this effect (2). Here, a physical model is 
suggested to describe the resonance effect of MMW on the GCS and gene regulation. Mutual vibrations of a separate domain of 
supercoiling and a whole nucleoid were considered. Resonance frequencies were expressed through the length, lo, of the haploid genome 
and the length, lit of the DNA in the corresponding domains of supercoiling as follows: fi2=(k/lo)+(k/li). A predicted dependence of tw( 
resonance frequencies on the genome length was verified experimentally. The method of anomalous viscosity time dependence was used 
to study the GCS changes. E. coli cells of strain N99 of wild type of lysogenic strain N99(h) and of lysogenic strain N99(h,&mm494bio10: 
were exposed to MMW at W/cm2. In the 41.2841.37 GHz and 51.73.+51.79 GHz ranges the resonance MMW effect on the GCS of 
N99 cells was shown. The resonance frequencies were fl41.324 and f2=5 1.765 GHz, respectively. The insertion in bacterial genome of 
prophage ?L and prophage &494bio1~ decreased significantly (pc0.001) both resonance frequencies in accordance with theoretical 
prpt ions:  

f22=[(2.46&0.01) GHz2+(0.9M.03) GHz2.Mb.b9 1-1 
From these equations the length of DNA in resonant domains were determined as: li=O. 54kO.07 Mb, 12=0.3Mo.02 Mb. Therefore, the 
estimated number of domains (level of order 10) also coincides in order of magnitude with the experimentally determined number (3). The 
relation of MMW resonance frequencies with acoustic modes in domains of DNA supercoiling (4) was established. Experimental results 
confiied the theoretical model of resonance interaction between living cells and low-intensity MMW. It follows, that whole genome 
plays particular role in gene regulation by means self-consistent mechanical, acoustic and electromagnetic excitations. Therefore uncoding 
part of genome (especially large in eukaryotes) can be of the most important in the creation of self-consistent intracellular excitations and 
pattern of gene regulation for every species, stage of individual development, type of cell differentiation. 
r n R E N C E S  
1, S. J. Webb, Phys. Len., 73A, 145,1979. 
2. I. Ya. Belyaev, Bioelecuochem. Bioenerg., 27,11,1992. 
3. R.R. Sinden and D E. Pettijohn, Roc. Natl. Acad. Sci. USA, 78,224, 1986. 
4. C.C. Davis et al, Bioelectrochem. Bioenerg., 16,63, 1986. 

fl =[(1.52&0.02) GHz2+(0.79k0.009) GHZ2.Mb4 

1p-1771 
LIPID CHANGES AT ACTION OF ELECTROMAGNETIC RADIATION OF DIFFERENT WAVELENGTHS IN CELLS OF 
MICROORGANISMS AND ANIMAL ORGANS. 1.1. Danilenko, A.M. Scherbinskaya, V.I. Mirutenko and M.V. Kurik. Research 
Jnstitute of Epidemiology and Infectious Diseases, Kiev, Ukraine. 

Lipids as membranes biological components pay an important role in adaptational mechanisms in action on organism and cells of different 
injuring factors of environment including also physical. We have conducted the analysis in Salmonella typhimurium, Candida tropicalis 
cells and organs of unbred white mice after affecting of the electromagnetic radiations with wavelength of 6 mlm, 8 mlm, 12 stm. It is 
evidence in Salmonella iyphimirium and Candida tropicalis cells during one hour an increasing of dienolic conjugants in 2-2,5 times, 
number of malonyc dialdehyde in 1,5-2 times. Reducing of ferments of antioxidative activity was set up - peroxidase and glutation 
reductase in 1,4-17 times. In enduring of cells in tissue during 2-3 hrs. complete reduction of disturbed function is took place. Revealed 
disturbances are more expressed with action of electromagnetic radiations of millimetric range on Salmonella typhimirium cells. particilary 
with 8 mlm wavelength. In studying experiments of disturbances in mice organs they were placed in special installations. Laboratory 
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animals were under affect of electromagnetic radiation during a week, then they were killed and such organs as lungs, liver., spleen, 
kidneys and also b l d  were being studied at once. It was shown that in all organs the number of dielonic conjugants was increased to 2-3 
times, in 1,7-2 times the number of melonyc dialdehyde of ferments of antioxidative activity as peroxidase and also glutation reductase. 
The more evidence disturbances were set up in animal organs under electromagnetic fields of millimetric range. Action of electromagnetic 
radiations were fractional: in each 4 hours an action was being terminated for 2 hours and then renewed. The disturbances in lipids of 
organs and blood were more expressed paniculary with action of electromagnetic range. Full reparation of detected disturbances takes 
place after ending pointed factors after 24 hrs. The results evidence that the electromagnetic fields as santimetric and also millimetric 
ranges of wavelengths affect to lipids through disturbance of regulation system of peroxidal oxidation of these components. An increasing 
of peroxidal oxidation takes place which evidence about great number of dienolic conjugants and malonic dialdehyde and reducing of 
antioxidative activity. We can made a conclusion that it is common biological phenomena and lipids their changes may be putting point in 
action of electromagnetic radiation. 

IP-1791 
THE EFFECT OF ULTRAVIOLET RADIATION ON THE EYES AND THE PRIMARY STUDY OF HEALTH STANDARD IN 
ARC WELDING. 2. Zhao, H. Zhou* and W. Ma*. Department of Occupational Health, Beijing Medical University, Beijing 100083, 
P.R. China. 

The field study was done in five arc welding shops. The strength of ultraviolet radiation (UVR) were determined near eye by the t 

transformed to mJ/cm2 (according to 4h daily of exposure time). 169 workers exposed to UVR were observed by questionaire and 
ophthalmologic examination compared with 120 controls. The results showed that seven complaints (e.g. eye dry, eye ache, burning, 
tearing, photophobia, eye foreign body sensation, teddy face) and exfoliation of corneal epithelium were all related to exposure strength 
and service length. 57 arc welding workers with the initiate history acute electro-ophthalmitis but without exfoliation of corneal 
epithelium were observed by questionaire. The minimum dose of UVR that caused acute electro-ophthalmitis was at 0.15 mJ/cm2 the 

above two surveys and reference ACGM's standard. 

SUV-3 W R  illumination meter, then calculated by ACGM's formula i.e. Eeff = 0.0011 EA + 0.64 EB + 0.5 EC (pW/c P ) and Of 

maximum dose was at 15 mJ/cm2. We suggest that the threshold limit values of UVR in arc welding is ranging from 1 to 2 &/cm 1 by 
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I EPIDEMIOLOGICAL STUDIES I 
W N G  s m m  OF OCCwATIONAL E=OSURm TO EM FIELDS AND RISK OF CANCER IN DENMARK. J.H. 
Olsenl, C. Johansen' J. Skotte2 and 0. Svane3. IDanish Cancer Society, Division for Cancer Epidemiology. 2National Institute of 
Occupational Health. 5Danish Labour Inspection Service. 

Magnetic fields (50 Hz) from electricity equipments and facilities have been associated with increased risk of cancer in childhood and 
certain forms of cancer in adulthood. Several surveys, which were based on linkages of routinely collected data on cancer mortality or 
morbidity and job-titles, have shown that the risk for leukaemia and perhaps tumours of the central nervous system is increased overall in 
jobs which imply above average exposures to 50 Hz magnetic field strengths. However, the increase in risk for leukaemia was modest and 
potential effects of confounding from benzene containing organic solvents and ionizing radiation could not be disregarded as causal 
explanations. Besides, significant job categories with presumably high-level exposures which did not contribute to increased risk for 
leukaemia could be identified in most studies. We present two on-going hypothesis-testing studies of historical cohorts of workers being 
exposed to high levels of EM fields: (1) employees at electricity production plants and electricity distribution companies, and (2) 
resistance welders. All study subjects will be linked to the files of the Danish cancer Registry, yielding a detailed description of the extent 
of risk and the pattern of cancer in these employment groups. The particular relationship between EM field exposures and cancer 
occurrence will be assessed in two separate case-control studies nested within each of the two cohorts, taken due care of potential 
confounding by occupational exposures associated with the cancer outcomes of interest. 
Supported by the Danish Working Environment Fund (Study no. 1993-32) and by the Association of Danish Electric Utilities. 

(p-4 
THE EPIDEMIOLOGICAL STUDY OF SELECTED POPULATION PART IN A CLOSE PROXIMITY TO THE LIBLICE 
TRANSMITTERS. J. Musil*, J. Jerabek*, J. Slavikova-Hlavkova*. National Institute of Public Health, Srobarova 48, Prague, Czech 
Republic. 

As no pathological changes were found in the child population living in the area of low and medium frequency Liblice transmitters 
according a health study conducted in 1988/1989, we decided to perform an epidemiological study focused to immunological, biochemical 
and psychological conditions in the girl population in a college located in a close proximity of the said transmitters. The reason why we 
decided to carry out this study was that this population was chronically exposed, 5 days in a week for 10 months, to electromagnetic fields 
from the transmitters. The study lasted from September 1990 to June 1992. We followed both the humoral and cellular immunity 
parameters, activities of antioxidant enzyme systems in erythrocytes and we carried out psychological tests focused mainly to memory 
functions and neurotic tendencies. As control groups two populations of girls living in colleges similar to the exposed one were chosen 
from areas with identical ecological conditions. Samples collection and tests were performed at the very beginning of each school year to 
get the answer if sudden and "acute" exposure caused any changes in parameters tested as well as in April to get data about possible 
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cumulative effects. The exposure situation was monitored and calculated for the whole period followed. It was found that due to 
restriction of broadcasting (financial reasons) exposure was decreasing during the period and the electromagnetic fields levels never 
reached or even e x d e d  the maximum permitted level according to the Czech hygienic standards. Statistical evaluation was performed 
regarding differences among the exposed and control groups in every time stage as well as regarding trends during the whole period. No 
sigMicant differences were found in the parameters tested, the only difference was found in neurotic tendencies (icreased) in one control 
group that could be attributed to poor social and stressing conditions in the college. We can conclude that electromagnetic fields from the 
MW transmitters did not affect negatively the parameters followed up. 
Supported by IGA Grant, Ministry of Health Care No. 0266-2 and CEC PECO-COST Contract No. ERB CIPECT 926021 

EEl 
BRAIN TUMORS AND RESIDENTIAL ELECTROMAGNETIC FIELD EXPOSURE. R.S. Lin and C.S. Liao. Institute of Public 
Health, National Taiwan University, Taipei. Taiwan, R.O. China. 

In order to explore possible risk factors in the causation of brain tumors, a case-control study with structured questionnaires was conducted 
on 165 pathology confrmed brain tumor patients. Two age-sex matched controls were selected from patients with disease other than 
tumors or neurological disorders admitted at the same hospital. A preliminary analysis revealed that vegetarian or a medical history of 
head or neck x-ray exposure is linked with the occurrence of meningioma. Occupational exposure to organic solvents was not found to be 
associated with the occurrence of primary brain tumors. However, it is of interest to f i d  that residents near high electromagnetic fields 
(withi 50 meters of high tension power lines or substation) suffered from a significantly higher risk to develop primary brain tumors, 
particularly neuroepithelial tumors (glioma and astrocytoma). These findings suggest that it is worthwhile to further study the relationship 
between long-term electromagnetic field (EMF) exposure and the occurrence of brain tumors. 

Ip-gI 
HEALTH PJJRVEY OF ESKOM LIVE LINE MAINTENANCE PERSONNEL : PRELIMINARY RESULTS. CP. Roo$*, N. 
Radulovic and P.H. Pretorius2. Eskom Megawatt Park, Johannesburg, South Africa. 2Eskom Technology Research and 
Investigations, Johannesburg, South Africa. 

The results from numerous epidemiological studies .suggested some weak evidence that exposure of adults in occupational environments 
to 50/60 Hz magnetic fields may be associated with an increased incidence of leukemia, brain tumours and other cancers. Although, one 
specific study has demonstrated that live l i e  workers in particular, have consistent and significant risk elevations (RR = 2,5) in leukemia 
incidence, the results from epidemiological studies in general, are confusing and generate considerable controversy given the low risk 
ratios and surrogate nature of experiments. ESKOM initiated a health survey of its live line maintenance personnel with a full knowledge 
of the lack of a database to enable any conclusions of statistical significance with respect to magnetic fields and health effects to be made. 
A further aim of the study was to evaluate occupational health practices in Eskom with regard to live line worker categories and to 
establish a baseline database for future medical surveillance and control. The study plan was to obtain the names, ages and occupational 
history of all employees previously and currently employed in live line work and then to access their pre-employment and medical 
examination, death-in-service and ill-health retirement records to evaluate their health status. An attempt to source live line workers from 
Eskom's main frame database was not possible for various reasons, necessitating the laborious task of tracing the data from individual live 
work coordinators in the several ESKOM distribution regions. No recorded information of ex-live line workers could be sourced other 
than that obtained from live work coordinators recall. An attempt is presently being made to obtain this information through the 
compulsory training courses undertaken by live line workers over the past ten years. The tracing of pre-employment and periodic medical 
examination records of live line workers proved another stumbling block as again no central database is in place at present and these 
records are filed widely throughout ESKOM's area of operations and at various occupational health clinics, personal files and live work 
coordinator's files. The extensive restructuring of ESKOMs operations and down scaling of employees has affected data storage and 
collection. The names of 485 live line workers have been collected of which 256 are presently employed in that capacity, 82 have been re- 
deployed in other work categories. Data on the remaining 147 is still incomplete. 191 of the live l i e  workers are involved with 11kV to 
132kV power lines and 53 with 220kV to 765kV. Data of 141 live line workers is still incomplete. Only 126 (26%) of the 485 live line 
workers' periodic medical records have been traced to date. Of the live line workers currently employed by ESKOM, 90% have live line 
experience of less than five years. 60% are under forty years of age. The most frequent health issues detected were hypertension (18%), 
excessive alcohol intake (ie 3 or more drinks per day) (43%) and injuries on duty (18%). Of the injuries sustained on duty 26% were back 
injuries, 17% electrical bums and 8% sunburn. Among the health issues other than hypertension, alcohol abuse and injuries on duty, 
allergies appeared to be the most frequent (148), followed by gastritis (12%). sinusitis (9%) and parasitic infections (3%). As the results 
are preliminary based on incomplete personnel and health data, no statistically significant or other definitive conclusions can be attempted. 
The study group is currently employed by ESKOM and therefore presumably healthy. No association between magnetic field exposure 
and life threatening diseases were expected or demonstrated. Although no conclusions can be made at this preliminary stage of the study, 
other health issues (alcohol intake, hypertension and injuries on duty) detected in live line workers evoke concern and will require further 
evaluation and possible intervention. Initialisation of this study has also enabled the establishment of a database for live line workers for 
future meaningful medical surveillance and control. This study was conducted in parallel with a study on the assessment of historical 
magnetic field exposure of the live line workers and is reported elsewhere in this document. 
Achowledgement: Those in ESKOM who assisted with the data accumulation. 

Ip-101 
ASSESSMENT OF THE HISTORICAL MAGNETIC FIELD DOSAGES RECEIVED BY LIVE LINE WORKERS AND THE 
SIGNIFICANCE THEREOF. P.H. Pretorius. Eskom Technology Research and Investigations, Johannesburg, South Africa. 

A number of epidemiological studies have indicated that exposure to magnetic fields in certain work environments has possible demmental 
health effects. A limitation of most of these studies, however, is the accurate assessment of historical exposure to magnetic fields. This 
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paper describes the results of a pilot study conducted by Eskom to assess the historical magnetic field dosages received by the members of 
one of Eskorn's live line maintenance teams, during typical working conditions, over the four year period 1989 to 1992p- 
The assessment involved incorporation of magnetic field dosage measurements, performed under present operating conditions, with the 
time information obtained from the live line log sheets kept by the live line workers. Magnetic field dosages were measured with a 
Positron model #378100 dosimeter. The dosimeter was worn around the waist, inside the conductive suit, of the live line worker. Field 
samples were taken every 5 seconds. Ten live line workers participated in the magnetic field dosage measurements conducted only during 
operational conditions on 132kV, 275kV and 400kV lines. Exposure was categorised as 'Exposure on the Ground, 'Exposure on the 
Tower', 'Exposure on the Conductor' and 'Exposure Elsewhere'. Exposure was assumed to be cumulative. It was shown that the live line 
workers were exposed, in the categories 'On the Tower', 'On the Conductor' and 'Elsewhere', to an average magnetic field of 43,78pT. 
Although they were exposed to peak magnetic fields >200pT for up to three and a half hours, their exposure was within the guideline of 
5mT recommended by the International Radiation Protection Association (IRPA), for short term occupational exposure. Assuming 240 
workdays per year, the study indicated that the annual magnetic field dosages received by the live line workers, in the latter three exposure 
categories, ranged between 0,65mT.h/year and 40,83 mT.h/year with a mean of 20,37 mT.h/year. A definite increase in the mean annual 
magnetic field dosage received over the four year period was observed. Information about the significance of magnetic field dosages 
received by live line workers is also scarce. The paper also describes an attempt to assess the significance of magnetic field dosages 
received by live line workers during live line operations. The assessment was done by comparing the assessed historical dosages received 
with insignificant, marginally sigruficant and significant dosages defimed by the author. Lacking a better alternative, the average magnetic 
field welders' were exposed to (0,8 pT obtained from a pilot study) was used as an 'acceptable' level of exposure. Welder exposure was 
used as a basis for comparison because they have been shown to have a RR of 0,9, an insignificant risk of developing leukemia from 
exposure to magnetic fields. Magnetic field dosages received were indicated to be significant if the annual magnetic field dosage received 
by a live line worker approached or exceeded 8236 mT.h/year. A sigtllficant dosage was considered the dosage required to elevate the 
acceptable dosage (0.8 pT x 8 h/day x 240 dayslyear = 1,5 mTWyear) to the maximum dosage that may be received in the categories 'On 
the Tower', 'On the Conductor' and 'Elsewhere' (43,78pT x 8 h/day x 240 days/year = 84,M mT.h/year). It was shown that the assessed 
historical magnetic field dosages received by Eskom's live line workers were less than half this value. Only in one case did the annual 
dosage received approach the marginally significant dosage of 41.28 mT h/year. The author is of the opinion that the approach used in this 
study can effectively be applied in exposure assessment in epidemiological studies focusing on live line workers, as well as in predicting 
magnetic field exposure during live line maintenance activities. This may be required for regulatory action should a causal association 
between magnetic fields and cancer be found. The approach used to assess the significance of historical magnetic field dosages received 
by live line workers also possesses the potential to be applied in the design of epidemiological studies. It is, however, at this stage purely 
speculative and is not meant for regulatory action. Should a causal association between magnetic fields and cancer be found, the 
understanding of the significance of magnetic field exposure will be useful in the formulation of exposure guidelines. 
Acknowledgement: Eskom Transmission Line Technology Group (7750M057S). 

Ip-121 
TYPICAL DAILY MAGNETIC FIELD EXPOSURE OF PEOPLE RESIDING CLOSE TO AND FAR AWAY FROM POWER 
LINES : A PILOT STUDY. P.H. Retorius. Eskom Technology Research and Investigations, Johannesburg, South Africa. 

A number of epidemiological studies suggest an association between long term exposure to power line magnetic fields and an increase in 
the incidence of certain types of cancer, more specificall hildhood leukemia. The suggestion of such an association was strengthened by 
the results of a Swedish study, published in late 1992117. The study found a statistically significant correlation between power line 
magnetic fields and childhood leukemia with a dose response relationship with a risk ratio of 2-3 above 0.2pT and almost 4 above 0.3 pT. 
In addition, it found a correlation between childhood leukemia risk and distance (risk ratio of almost 3 at distances less than 50m from the 
power lines). Eskom conducted a pilot study into the typical daily magnetic field dosages received by individuals residing "close to" 
(<5Om) and "far away" (>13Om) from overhead power lines. Fourteen cases were considered. Six cases (memtters of the general public 
that approached Eskom for magnetic field measurements) were identified as staying "close to" power lines. An additional two cases were 
identifed as staying "close to" substations. Six cases from Eskom's Technology Research and Investigations were identified as staying 
"far away" from power lines. The power lines and substations involved in the study were: an 1 1kV substation (1 case), a 66kV line (1 
case), an 88kV substation (1 case), 88kV lines (2 cases) and 275kV lines (3 cases). Individuals were requested to wear a magnetic field 
dosimeter (model number 378100 developed by Positron Industries) for the period of one day (typically 24 hours) and to log the period 
they spent at and away from home. Only exposure at home was considered in the study. The dosimeter was set to collect data from three 
orthogonal field coils every five seconds. The study indicated that people residing close to power lines typically receive magnetic field 
dosages of 4.71 pT h compared to the 1,25 pT h received by individuals residing far away from power lines. The study further indicated 
that the cases co i ered were respectively exposed to average magnetic fields of 0,29 pT and 0.08 pT. The study supported the fiidings 

were exposed to (1,61 pT to 3,lpT) are, however, well within the limit for continuous magnetic field exposure of 1OOpT recommended by 
the International Radiation Protection Association (IRPA). It was shown that household appliances have a major contribution towards 
exposure to magnetic fields inside the house. The conclusions drawn should be seen in the context of the small number of cases 
considered. 
[ 11 Feychting, M, et al, Magnetic Fields and Cancer in People Residing Near Swedish High Voltage Power Lines, IMM-rapport 6/02, 
Institutet for miljomedicin, Karolinska institutet, Stockholm 1992. 
[2] Vogt, D R, et al, A Study of Domestic Power Frequency Magnetic Fields in South Africa, Department of Electrical Engineering, 
University of the Witwatersrand, 1992. 
Acknowledgement: Eskom Transmission Technology Group (7757M0578) 

of a similar study YY , that residences close to power lines receive elevated magnetic field exposure. The peak magnetic fields the residents 
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IP-141 
ELF MAGNETIC FIELDS AND ADVERSE PREGNANCY OUTCOMES: AN INTTRNATIONAL COORDINATED 
RESEARCH EFFORT. K. Belanger*l, V. Delpizzo2, T.  atf field*^, J. Juutilainen4, G.M. Lee and M.L Lindbohm*6. lSchoo1 of 
Medicine, Yale University, New Haven, CT 0651 1 USA. 2Australian Radiation Laboratory, Yallambie Vic 3085, Australia. 3Califomia 
State University, Northridge, CA 913 0 USA. 4University of Kuopio, FIN-7021 1 Kuopio, Finland. SCalifornia Department of Health 

The authors of this paper are investigators who are conducting or planning epidemiological studies on the possible association between 
exposure to 50/60 Hz magnetic fields and reproductive health and propose the formulation of an International Coordinated Research Effort 
to address this topic. As with other ELF epidemiological studies, low statistical power and significant misclassifcation of exposure make 
it unlikely that any one study will c o n f i i  or refute the hypothesis, therefore it is important that studies be replicated in a variety of locales. 
While individual epidemiological studies need to be designed as most appropriate to the area in which they are to be conducted, broad 
common guidelines and regular contacts between investigators should facilitate comparing and, if appropriate, pooling results. We also 
believe that discussion between investigators in the planning phase of new studies helps improve their quality. To date, most of the studies 
on ELF fields and adverse pregnancy outcomes in humans have been conducted using self-reported VDT use while at work as a surrogate 
of exposure. In most cases, the hypothesized risk factor was not explicitly stated (musculo-skeletal strain, stress and exposure to VLF 
fields were also suspected risk factors). In general, these studies do not support the hypothesis of an association. However, VDTs seldom 
expose the user to ELF fields significantly above those normally found in the office environment, therefore these studies give only little 
information about the possible relationship between ELF magnetic fields and pregnancy outcome. Both laboratory research and 
epidemiological studies of subjects exposed .to sources other than VDTs indicate that further investigation is warranted. The prevalence of 
adverse pregnancy outcomes is relatively high and the cost to the community can be considerable. On the other hand, the relevant 
exposure period is short and exposure can be minimized if warranted. The hypothesis-generating studies are critically reviewed. The main 
features of studies in progress or proposed are summarized. The relative merits of various exposure assessment methods are evaluated. 
We discuss the choice of the endpoint to be studied and how this choice may be determined by practical, scientific or other reasons. 
Consideration is also given to possible public health implications and to possible avenues for risk communication and risk management. 

Services, Berkeley, CA 94704 USA. d Institute of Occupational Health, FIN40250 Helsinki, Finland. 

Ip-161 
MAGNETIC FIELD EXPOSURE OF CHILDREN IN NORWAYi HOW IMPORTANT IS THE EXPOSURE FROM POWER 
FINES AS COMPARED TO OTHER SOURCES? G.B. Ramberg* , L.R. Bjornevik*l, A.I. Vismes2, T. Tynes3 and T. Hald~rsen*~. 
Stamett and University of Oslo. 2Jnstitute of Physics, University of Oslo, 0316 Oslo, Norway. 3Cancer Registry of Norway, Institute of 

Epidemiological Cancer Research, Oslo, Norway. 

A number of epidemiological studies on cancer among children growing up close to power lines has been published; and well known are 
the studies from Sweden, Denmark and Finland. In Norway there is an ongoing study similar to the completed ones in the other 
Scandinavian countries. The Norwegian study is expected to be finished during 1994. In all these epidemiological studies there is an 
assumption that children living close to power lines are more exposed to e.g. magnetic fields than children living further away. However, 
there are a possibility that other sources for exposure might heavily degrade the difference between "exposed" and "not exposed". In order 
to face this problem, we have carried out a study where kids living in various distance from a transmission line, carried a magnetic field 
"dosimeter" for 24 hours. This kind of study is of special interest in Norway, since we have an electric system where there are no ground 
currents through water pipes etc. This makes the background levels in Norwegian homes lower than e.g. in Swedish homes. Totally 65 
children at the age of 7-12 years participated, all living within 300 m from a single 300 kV transmission line. About half of the children 
went to a school located relatively near the transmission line, the rest of the children went to a school located far away from the power line. 
The kids were wrying a Positron Electromagnetic Dosimeter making three dimensional measurements of the magnetic field every five 
second. The current load on the transmission line was recorded during each 24 hours interval where measurements took place. The kids 
and their parents made a list of activities and locations where the child had been during the 24 hour period. The results were as follows: 
1) The children were exposed to fields higher than 1.6 pT about 34% (mean) of the 24 hours. This fraction did not depend on the distance 
homdpower line, but did depend on which school the child went to. 
2) There were a clear dependence of distance home/ power line, on the time the various children were exposed to various field intensities. 
Kids living closer than 50 m from the line were exposed to 0.4-1.6 pT 75% of the 24 h period, while kids living more than 150 m away 
from the power line were exposed to less than 0.1 pT 83% of their time (mean values). 
3) There were a good correlation between calculated magnetic field exposure (based on distance and current load) and the measured 
magnetic field exposure. The correlation was especially good for the time the child was at bed, but even the 24 hour mean value (including 
exposure at school etc.) showed a good correlation with calculated mean exposure based on the home location and current load only. 
This work was supported by Stamett and "Efficient Energy System" (EFFEN). 

Ip-18) 
MAY THERE BE A LINK BETWEEN SUDDEN INFANT DEATH SYNDROME (SIDS) AND EXPOSURE TO LOW 
FREQUJXNCY ELECTRIC OR MAGNETIC FIELDS? A PILOT EPIDEMIOLOGICAL STUDY. M. Kjorri* and A.I. Vistnes. 
Institute of physics, University of Oslo, 0316 Oslo, Norway. 

E.E. Eckert from Germany put in 1976 forward a hypothesis that exposure to electric and magnetic fields may increase the risk for sudden 
infant death (SIDS). This hypothesis has been heavily criticized, but it has also been supported by several other people. AS far a~ we can 
see, the experimental evidence for such an hypothesis is still extremely weak. For that reason we now carry out a small pilot 
epidemiological case control study to see if this will give some indication whether kids that died from SIDS were more exposed to low 
frequency electric or magnetic fields as compared to control kids. A society for parents that have lost their child because of sudden infant 
death syndrome in Norway, sent out invitation to parents to participate in this study. The parents that accepted are visited by us, and we 
carry out measurements at the spot where the child used to sleep, and at other locations as well if there are some reason for that. Use of 
electric blanket are also registered. The parents are asked for name and address of two friend families in the neighbourhood that have a 
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child that was born less than one year from the date when their own child (the one that died from SIDS) was born. These families are used 
as controls. In this way we hope that requirements about same age, same neighbourhood and same social class for cases as compared to 
controls, are relatively well taken care of. The requirement of same sex is not fulfilled. The study will be based on about 20-30 cases and 
about twice that number with controls. The fields that are measured are static magnetic field, ELF magnetic field, ELF and VLF electric 
fields, measured both with a perturbing probe (Guy probe) and a non-perturbing probe (using optical fiber insulation between the sensor 
and the interface to the recording computer). About one third of the measurements are finished at the time of writing this abstract, and we 
anticipate to present the complete result at the meeting. 
This work was supported by "Efficient Energy System" (EFTEN) and The Research Council of Norway. 

1 ~~ I REPRODUCTION AM) DEVELOPMENT 

Ip-201 
TERATOLOGICAL EFFECTS OF WEAK, 50 HZ SINUSOIDAL MFS ON CHICKEN EMBRYOS: INFLUENCE OF THE 
AGE OF THE HENS AND MAGNETIC FLUX DENSITY. M.A. Martinez*, L. Chacon*, A. Ubeda, M.A. Trill0 and J. Leal. Hospital 
Ramon y Cajal, Dept. Investigacion, 28034 Madrid, Spain. 

Several studies have shown that ELF, pulsed or sine wave, MFs can affect different biological systems. The aim of the present work was 
to test the effects of weak, 50 Hz sine wave MFs of 0.5 pT and 1 .O pT rms magnetic flux densities (MFD) on a developing organisms and 
to study the possible influence of the degree of maturity of the hens on these effects. Eggs from two different groups of hens (G1 and G2), 
corresponding to two consecutive years, were exposed to the mentioned MFs during the fust 48 hours of incubation. Sham-exposed 
embryos were incubated in same conditions. At the end of the exposure and/or incubation, each organism was described as normal or not 
normal. The different samples of sham-exposed embryos had similar proportions of not normal organisms (8.9% to 13.1%). As it is 
shown in the figure, the exposure to the fields provoked an increase in the number of abnormalities in embryos from hens at early stages of 
their fertile period (young adults). The effect was particularly intense (AR approximately equal to 3) in the samples exposed to 1.0 pT 
MFD. 
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Age of the hens 
AR, Abnormality ratio: percent of not normal embryos in the fieldexposed population divided by the percent of not normals in sham- 
exposed. Statistical test, Chi-square test, one degree freedom and continuity corrected. 
Supported by Fond0 de Investigacion Sanitaria: FIS # 921425 

Ip-221 
EFFECTS OF AN ELECTRIC FIELD ON THE REPRODUCTIVE SYSTEM OF MICE. L. de Jager and L. de Bruyn*. 
Department of Anatomy and Cell Morphology, Faculty of Medicine, University of the Orange Free State, Bloemfontein 9300, South 
Africa. 

Subtle biological effects have been reported in a number of studies performed on the biological impact of electric and magnetic fields. The 
reproductive system, a highly vulnerable system, is particularly vulnerable to environmental insult. It has previously been the Subject of 
research on electric and magnetic fields, where end-points such as gestation time, litter loss or average generation time, yielded sitwe as 
well as negative results1-2. In a previous study we reported higher sperm counts in mice exposed to a 10 kV/m electric fieldpThus, to 
further elucidate the question concerning the possible effects of power frequency fields on the fertility of mammals, a double blind study 
was designed. The effect of a 10 kV/m elecwic field was evaluated on the morphology of the ovaries and testes of mature (age 60 days) and 
very old mice (age 18 months). Three generations of experimental male and female mice were exposed from conception and a connol 
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group was sham-exposed. Generations one and two were sacrificed at the age of 60 days and generation three at the age of 18 months. 
Ovaries and testes were removed, fixed and studied histologically after routine haematoxilin and eosin staining. Specific criteria were 
employed to assess the state of the ovaries and testes of mature mice as well as relevant criteria to evaluate by means of a scoring system, 
the degree of aging in the testes and ovaries of the old mice. Analysis of the data revealed no significant differences between 
experimentals and controls in the histological structure of the ovaries or testes of the mature mice. The ovaries of the old mice showed no 
marked differences in the degree of aging; both groups' ovaries appeared shrivelled and fibrotic. The testes of the experimental group, 
however exhibited the characteristics associated with aging to a lesser degree than the control group, although the observed difference was 
not extensive. The results of the study extend the growing body of information on the potential effects of exposure to low frequency E 
and/or B fields and support our earlier fmdings of a higher sperm count of exposed mice at old age. Further research is required to explain 
the observed phenomenon of a lesser degree of aging and higher functional level of the testes under influence of an electric field. In 
follow-up studies relevant hormonal levels could be monitored. 
1. Marino AA, Reichmanis M, Becker RO, Ulrich B, Cullen JM (1980). Power frequency electric field induced biological changes in 
successive generations of mice. Experientia, 35:309-311. 
2. Carsten AL (1987). Mutagenicity and toxicity of electric and magnetic fields. Albany, Ny: New York State Department of Health 
Power Lines Project. 
3. De Jager L, Hamlet DK and de Bruyn L (1991). Epididymal sperm count in mice exposed to a 10 k V b  electric field. Adv. Cont Deliv 
Syst, 8: 191-195. 

EFFECT OF A SUPERIMPOSED NOISE FIELD ON THE RESPONSES OF CHICK EMBRYOS TO A 50 HZ MAGNETIC 
FIELD. T. Kumlin and J. Juutilainen. Department of Environmental Sciences, University of Kuopio, FIN-7021 1 Kuopio. Finland. 

To resolve the signal-to-noise problem or the fact that some biological systems seem to respond to fields well below thermal noise, Litovitz 
and coworkers have proposed that cells are affected only by fields that are spatially and temporally coherent over their surface. They have 
also reported experimental findings that support this idea. An attempt was made to replicate the experiments of Litovitz and coworkers 
indicating that a superimposed spatially coherent but temprally random noise field abolishes the effects of coherent ELF magnetic fields on 
development and ornithine decarboxylase (ODC) activity in chick embryos. Fertilized eggs of the strain Makela 16 (a variety of White 
Leghorn) were incubated for two days at 38 OC, 50% RH in a 50-Hz magnetic field, in a 50-Hz plus a noise field, or in a sham exposure 
coil. All three groups were incubated simultaneously in a room with temperature and humidity control and background 50-Hz fields below 
0.1 bT. The intensity of the sinusoidal 50-Hz field was 2.8 pT rms. The noise field, produced by a generator obtained from Litovitz, was 
random noise in the frequency band 30 to 90 Hz. The intensity of the noise field, determined by an analog meter measuring current to the 
coil, was equal to that of the 50-Hz field. Both 504% and noise fields were vertical. After incubation, the embryos were evaluated for 
abnormalities under a stereomicroscope. The evaluation was blind. The embryos were then frozen for O X  assays. Preliminary results 
show a slight increase of abnormalities in the exposed embryos, but no difference can be demonstrated between the 50-Hz field alone and 
the combination of 50-Hz and noise fields. 

p 3 r j  
DEVELOPMENTAL TOXICITY (TERATOLOGY) STUDY OF 60 HZ MAGNETIC FIELDS IN SPRAGUE-DAWLEY RATS. 
B.M. Ryan*, E. Mallett, Jr.*, TL. Bryan*, M.A. Cahill*, J.C. Findlay*, L.C. Moore*, L.E. Pomerantz*, R.R. Szymanski*, J.D. Ter 
Molen* and D.L. McCormick. IIT Research Institute, Chicago, IL 60616 USA. 

To evaluate the potential influence of exposure to power frequency magnetic fields on fetal development, groups of timed-pregnant female 
Sprague-Dawley rats (55 per group) received continuous exposure to pure sinusoidal 60 Hz fields of 10 G, 2 G, 20 mG, or 0 G (sham 
control), or intermittent exposure (1 hr on, 1 hr off) to 10 G fields from days 6 through 19 of gestation. Pregnant female rats were exposed 
to magnetic fields for 18.5 hours per day. Magnetic fields in exposure rooms were monitored continuously, and were within 2% of the 
target field strengths at all times; ambient magnetic fields in all exposure rooms were below 0.7 mG. A positive control group of 15 timed- 
pregnant female rats received oral (gavage) exposure to ethylenethiourea (Em at a dose of 85 mgFg body weight on gestation days 11, 
12, and 13. All fetuses were delivered by cesarean section on day 20 of gestation. Litter size and weight, percentage of live births, and 
number of resorption sites were determined for all dams. After delivery, all fetuses were evaluated for the presence of gross external and 
visceral abnormalities, and were then prepared for detailed skeletal evaluations. Approximately 3,000 fetuses were evaluated in the study; 
individual litters were coded during fetal evaluations to preclude possible confounding of results by investigator bias. Magnetic field 
exposures induced no maternal toxicity, and had no statistically significant effects on litter size, birth weight, or fetal development. Mean 
litter size and weight in all magnetic field exposure groups were similar to those in sham controls; incidences of gross external, visceral, 
and skeletal abnormalities in fetuses exposed to magnetic fields were comparable both to sham controls and to the historical database in 
our laboratory. By contrast, positive controls exposed to ETU in utero demonstrated reduced litter size, reduced fetal body weights, and a 
100% incidence of fetal abnormalities. These data suggest that continuous or intermittent (1 hour on, 1 hour off) exposure of pregnant 
female Sprague-Dawley rats to 60 Hz magnetic field strengths of up to 10 G during the period of major organogenesis has no adverse 
impact on fetal development. A multi-generation continuous breeding study to evaluate the influence of 60 Hz magnetic fields on 
reproductive function in Sprague-Dawley rats is currently in progress. 
(Supported by contract NO1-ES-25351 from the National Toxicology Program, National Institute of Environmental Health Sciences) 

W E N I C  EFFECTS OF 50 HZ MAGNETIC FIELD ON ANIMAL GENERATIVE CELLS. Y.D. Dumansky and S.E. 
Chegrinets. Ukrainian Scientific Hygienic Centre, Ukraine Ministry of Health, 253660, Kiev-94, Ukraine. 

We studied the genetic effects of power frequency magnetic field (MF). The dominant lethal test with male rats was used. Exposure 
system was presented by solenoids which were placed on the dielectric framework and were connected to the elecnic circuit through the 
stepping down transformator. The animals were exposed to 50 Hz magnetic field of 10,50 and 250 mkTl20 h per day during 8 weeks. 
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The males were interbreeded with the intact females at the 2,4, 6, 8 weeks of exposure and following the 8th week of posteffect. While 
analysing the test results as a mutation indicator in the generic cells a postimplantation death index was used. All experimentally applied 
MF levels were found to have mutagenic activity. 10 mkTl was identified as affecting more pronouncedly at the spermatocytes stage (i.e. 
pre-6 weeks before interbreeding); 50 mkTl weakly influence at all spermatogenesis stages; 250 mkTl induce the reliable increase of 
mutation frequency in all permatogenesis stages, but the most pronounced effect is seen at the interbreeding in post-8 week period of 
exposure (basic spermatogonia are defected). The remote consequences of MF were also studied. At the exposure of females with 50 MF 
with 250 mkTl during 20 h per day at the period of 2 weeks before pregnancy, the increase of recessive lethal mutation frequencies at the 
second generation was found. Thus, the industrial frequency MF is able to affect destabilizingly at the animals geenom. Considering the 
fact that the mutagenous active are widely spread in human inhabiting environment low-intensive (10 mkT1) MF, the real danger of the 
genetic burden is being appeared in the populations, affected by this factor. 

I ANIMAL AND HUMAN RESPONSES I 
Lp-301 
EFFECT OF PULSED MAGNETIC FIELDS ON DIABETIC MICE - FIRST RESULTS. A, Bellossi. Laboratoire de Biophysique, 
Faculte de Medecine, 35043 Rennes Cedex, France. 

Diabetic mice (db/db) developed obesity associated with overeating and accompanied by hyperglycemia. The islets of Langerhans are 
mainly the only organs which can enhance the different changes occurred in the evolution of diabetes with its final degeneration of I3-cells 
related to an anti-islets of Langerhans immunity. Actually three groups of such mice were exposed to PMF generated from a 
Magnobiopulse apparatus (Societe ATLAS International, Paris, France). The signal consisted of unipolar asymmetrical pulses supplied 
with 90 p.5 pulse bursts. The field strength was 6 mT. Six mice were exposed to a 12 Hz PMF, six to a 460 Hz PMF. Seven mice were 
used a controls. The exposure itself took place two nonconsecutive days a week knowing that a session was to last 30 minutes. When the 
mice were 8 weeks old an exposure which was to be carried on until their death time took place with a weighing twice a week for each of 
them. Glycemia was roughly estimated each week from a drop of blood with test strips (Boehringer Mannheim). The exposure led to 
these main following effects: 
1) The weights of the mice exposed to PMF increased more rapidly than those of the controls. The maximum average weight reached by 
the very mice exposed to 460 Hz PMF (43.188) was higher than that obtained from the mice exposed to 12 Hz (39.6g) or from the controls 
(39.02g). 
2) The average glycemia values of the mice which were exposed to 12 Hz PMF were significantly lower than those of the controls. There 
were not any significant differences between the glycemia of the mice exposed to 460 Hz PMF and those from the two other groups 
mentioned. 
3) The body aspect of all these mice was different according to the group they belonged to. The controls as well as the mice exposed to 12 
Hz PMF lost their hair rapidly and their coat became thinner or even rare, whereas for the mice exposed to 460 Hz PMF no alteration of 
their fur was to be noticed. 
4) The average lifetime of mice exposed to 12 Hz PMF (15WO days) was not significantly different from that of the controls (19W42 
days). The average lifetime of the mice exposed to 460 Hz PMF (265f16 days) was significantly longer than that of the two other groups 
mentioned. In conclusion an exposure of mice to 12 Hz gave in fact for them a decrease in glycemia without any effect on their lifetime, 
whereas 460 Hz did not alter their hyperglycemia but managed to increase their span of life giving them probably a better quality of life. 

1-1 
EFFECT OF 60 HZ MAGNETIC FIELDS ON BLOOD GLUCYSE LEVELS OF DIABETIC HUMANS AND ITS INHIBITION 
BY EM NOISE. T.A. Litovid, K.S. &enberg*' and T. Taylor* . 'Vitreous State Laboratory, Catholic University, Washington, DC 
20064 USA. 2Dept. of Endocrinology, Georgetown University Medical Center, Washington, DC 20007 USA. 

Nocturnal exposures to electromagnetic fields (EMF) have been reported to inhibit the release of the hormone melatonin from the pineal 
gland in mammals. Because of the apparent oncostatic action of melatonin this inhibition phenomena has been suggested as a candidate 
biological mechanism to explain the statistical association found between the incidence of cancer and exposure to EM fields. Indeed if it is 
m e  that the secretions of the pineal gland are inhibited by EMF then many other endocrine effects should occur as a result of EMF 
exposure since melatonin receptors are found in most glands in the body. An example of this is the pituitary gland whose secretions affect 
a large number of body functions. One of these is the blood glucose level, a quantity which is easily measured (even in the home) by 
readily available and inexpensive glucometen. The pituitary secretes several hormones which have diurnal variations similar to the 
melatonin output of the pineal gland. At least two of the pituitary hormones are insulin antagonists and thus can cause increases in blood 
glucose levels. We proposed that if EMF exposure modifies pituitary secretions and thus blood glucose levels, this effect would be most 
noticeable in diabetics where the production of insulin is impaired. One purpose of the study reported here is to test this hypothesis. We 
have previously demonstrated in several in vitro cell cultures as well as in chick embryos that EMF induced bioeffects can be blocked by 
the appropriate simultaneous application of incoherent EM noise fields. It is a second purpose of this study to determine if the inhibition 
effects of EM noise can be measured in humans. The following exposure regimen was utilized. In a series of experiments each diabetic 
subject was, on successive nights while sleeping, exposed in a blinded fashion to one of three field conditions. These were a) zero field 
(sham condition), b) 60 Hz EM field, or c) 60 Hz EM field plus an equal (rms) EM noise field. Thus each subject was exposed to each of 
the three field conditions. The 60-Hz fields ranged in value from 2 to 10 milligauss. Increases in blood glucose levels (by as much as 40 
mg/dl) were observed relative to sham exposure when the subject was exposed to 60-Hz fields above 6 milligauss. A threshold for this 
effect appears to occur somewhere between 3 and 6 milligauss. When the EM noise field was superimposed on the 60-Hz field no 
significant changes relative to sham blood glucose levels were observed. The inhibition effect of EM noise appears just as effective in 
humans as in our previous chick embryo and in vitro cell experiments. The study of EM field effects on blood glucose levels in diabetics 
appears to offer some verifiable proof that weak ELF electromagnetic fields can have significant biologic effects in humans. 
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Ip-341 
COMPARISON OF CARDIAC AND 60 HZ MAGNETICALLY-INDUCED ELECTRIC FIELDS IN RATS. D.L. Miller, J.A. 
Creim and LE. Anderson. Pacific Northwest Laboratory, Richland, WA 99352 USA. 

Extremely low frequency magnetic fields interact with an animal by inducing internal electric fields. We have recently employed a 
miniature electric field probe to measure 60 Hz induced fields in rat carcasses [D. L. Miller in Electricity and Magnetism in Biology and 
Medicine, M. Blank ed. (San Francisco Press, 1993), pp. 563-51. The purpose of this study is to measure and compare the relative 
magnitudes of induced fields to the normal endogenous fields present in living rats. Five male rats weighing about 500 gm were 
anesthetized with ketamine (100 mg/kg) and xylazine (10 mg/kg). Small incisions were made in the ventral body wall at the neck, chest 
and upper abdomen to position the probe for measuring the electric fields. The probe voltage was processed by a lock-in ampliier and the 
peak-to-peak voltage was measured. The calibration constant for the probe size was 5.7 mm, and the response was flat from 20 Hz to 2 
kHz. A cardiac signal was readily obtained with slightly Merent shapes and voltages at each position. For example, the signal obtained 
from the probe at the chest wall (dirkted along the axis of the rat) was very similar to the signal from an electrocardiograph, using "lead 3" 
between the left legs. The heart rate averaged 4.2 Hz, or 250 bpm, for the 5 rats. The cardiac field detected by the probe averaged 88 
pV/cm (13 pV/cm standard error), 390 pV/cm (130 pV/cm s.e.), and 160 pV/cm (44 pV/cm s.e.) at the neck, chest and abdomen, 
respectively. The rats were exposed to a vertical 1 mT, 60 Hz magnetic field while positioned on their sides. The 60 Hz (sinusoidal) 
M u d  field detected by the probe averaged 87.7 pV/cm (13.3 pV/cm s.e.), 149 pV/cm (21 pV/cm s.e.), and 272 pV/cm (39 pV/cm s.e.) 
at the neck, chest and abdomen, respectively. RMS values, which are normally reported for induced fields, were about 0.36 times these 
peak-to-peak values. The electric fields associated with normal heart function were significant relative to fields induced by a 1 mT 
magnetic field at 60 Hz for the positions measured on the body surface (where induced fields are maximal). Within the body, or in 
different directions relative to the inducing field, the induced fields would decrease (reaching zero at the center of the animal), and the 
cardiac fields would increase nearer the heart. Therefore, the cardiac electric field, together with the other endogenous fields of brain, 
muscle and nerve activity, combine with induced electric fields and thereby complicate the dosimetry of ELF magnetic field exposures of 
living animals. 
Supported by the U.S. Dept. of Energy under Contract No. DE-AC06-76RLO 1830. 

Ip-36) 
HAEMATOLOGICAL EFFECT ON MICE CAUSED BY ELF FIELDS PRODUCED BY 50 HZ TRANSFORMER STATION 
AND BUS BARS. L. Bonhomme*l, E. Bizi*l S. Marion*2, H. Auclair*2, N. Frenoi~*~,  J. Orthega*2, N.L. Bui*l, Y. Bezie*l, G. 
Fredj*l and S. Orbach-Arbouys*l. lPharmacie, 2Hematologie, 3Biochimie, Hopital Paul Brousse, 94804 Villejuif, France. 

Epidemiological studies have shown a correlation between environmental extremely low frequency magnetic fields (ELF) and cancer. 
Such ELF fields may affect the immune and haematological systems and therefore play a role in cancer promotion. Our study was 
undertaken to evaluate the effects of exposure to 50-Hz fields on haematological and biological parameters in mice placed on a laboratory 
floor above a tramformer station and high-current bus bars. The mice (Swiss, male, 5-week old, n=12) were left 24 hr/day during 3 weeks 
at a spot where the daily average field strength was 6.0 pT. The control group (n=12) was placed in another laboratory under the same 
light, noise and temperature conditions but at a field level below 0.2 pT. Blood samples were analysed with a Sysmex NE 1500-1OA 
(Medical Electronics Japan) and the analysis included erythrocyte counts (RBC), absolute leukocytes (WBC), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin concentration (MCHC), mean corpuscular hemoglobin (MCH) hematocrit value and platelets. 
Differential leukocyte count was performed on 200 cells. Biochemical data were obtained on day 21 using an autoanalyser (Wako 30, 
Sereno-USA) and included sodium, potassium, chloride, calcium, magnesium, phosphorus, amylase, creatine-phosphokinase, lactate 
deshydrogenase. At the end of the 3-week exposure, no differences were observed on body weight and biochemical data. However, 
significant alterations of some haematological parameters were observed: the exposed group exhibited statistically signifcant lower value 
of WBC counts and hemoglobin (Hg). RBC counts which increased slightly over 3 weeks in the controls, decreased in the exposed group. 
Lymphocyte absolute counts (Ly) which increased greatly in the control group increased only slightly in the exposed group while 
monocyte counts (Mo) increased in the controls and greatly decreased in the exposed animals, the exposed group showed an increase in 
MCV. These results suggest an effect of exposure on pluripotent stem cells. 
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THE EFFECT OF LONGTERM EXPOSURE OF MICE TO AN ELECTRIC FIELD ON THEIR SERUM CORTICOSTERONE 
LEVELS. L. de Bruyn*l, L. de Jager', J.M. Kuyle2 and T.I. Muller2. lDepamnents of Anatomy and Cell Morphology and 2Chemical 
Pathology, University of the Orange Free State, Bloemfontein 9300, South Africa. 

Literature abounds with conflicting reports regarding the possible adverse effects of electric fields on animals and humans. Stress is one of 
the effects in which the adrenal cortex might be involved. Continuous exposure to electric fields could lead to an increase in the output 
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and/or change in circadian secretory pattern of the adrenal cortex. The aim of this study was to investigate the effect of longterm exposure 
of mice to an electric field on their corticosterone levels. 
Two exposure periods were used: 60 days and 540 days. The exposure time was 23 hours/day and the electric field strength was 10 kV/m. 
In each group exposure of the mice started from birth. For the 60 day experiment only male mice were used whilst in the 540 day 
experiment male and female mice were used. Each experiment had a control group which were exposed to identical conditions except for 
the electric field. Blood was obtained at the end of the exposure periods by means of a substernal cardiac puncture, and analysed for 
corticosterone using radioimmunoassay technique. In the 60 day group blood sampling was done at 10:00 to 1200 (day time) and at 2190 
to 23:OO (night time). The corticosterone levels in the 540 day group were on average higher than those of the 60 day group. In the 60 day 
group the subgroup exposed to an electric field showed a significant higher corticosterone concentration at day time (136 ng/ml) compared 
to the exposed subgroup value at night time of 49 nghnl. The day time value of the exposed group was also significantly different from the 
day time value (44 nghnl) and night time value (46 ng/ml) of the control subgroups. Our results suggest that longterm exposure of male 
mice to an electric field might cause a shift in the circadian rhythm of corticosterone secretion. Results of the control group suggest that 
our sampling times might have missed the peak of corticosterone secretion. 

Ip-401 
LIFE SPAN EXPOSURE TEST OF RATS TO 50 HZ SINUSOIDAL ALTERNATING MAGNETIC FIELDS. 111. 
(EVALUATION OF EFFECTS ON HEMATOPOIETIC ORGANS. M. Yasui*l, T. Kikuchi*l, W. Ooba*l, Y. Otaka2, M. 
TsuchitaniQ and H. Iwata*2. ITokyo Electric Power Co., Tokyo, Japan. 3hlitsubishi Kasei Institute of Toxicological and Environmental 
Sciences, Ibaraki, Japan. 

We have reported the results of histopathological examination of F344 rats exposed to 50-Hz sinusoidal alternating magnetic fields of 
sham, 0.5 and 5mT(rms) for two years in the 15th Annual Meeting of BEMS. In the present session, we report the results of hematological 
tests including differential counts of leukocytes using the midterm blood smears. As for leukemia, the exposure had no effect on the 
incidence of mononuclear cell leukemia and malignant lymphoma and on their time courses, as reported before. In order to detect non- 
tumoral effects of the exposure on hematopoietic organs, differential counts of leukocytes were measured after 52 and 78 weeks of 
exposure and at the necropsy. Hematocrit, red blood cell count, leukocyte count, reticulocyte count, mean corpuscular volume, mean 
corpuscular hemoglobin, mean corpuscular hemoglobin concentration and platelet count were measured at the necropsy. Using data except 
for animals with leukemia, no significant difference was observed between the exposure levels, and the determined values were within the 
normal ranges. 

Ip-421 
EFFECTS OF 50 HZ ELECTROMAGNETIC FIELDS ON THE PULSE RATE OF HUMAN HEART. L. Korpinen* and J. 
Partanen*. Tampere University of Technology, Power Engineering Group, SF-33101 Tampere, Finland. 

This paper covers study on the effect of 50 Hz electric and magnetic fields on the cardiovascular system. The main aim of our study was to 
investigate the possible changes in the pulse rate of male volunteers when they were exposed to strong 50 Hz electromagnetic fields. In the 
study there were 2 groups, group 1 (26 male volunteers) were measured in real fields and group 2 (15 male volunteers) in 'sham' fields. 
Their ECG and EEG (electroencephalogram) and the blood pressure were measured using ambulatory methods, but this paper only 
presents the results of ECG recordings. The measurements of group 1 were made under a 400 kV transmission line (4.84 kV/m and 4.12 
pT) and in a test site near the line. Group 2 was measured in our 33 kV outdoor testing station. In both test facilities similar testing 
protocol was used. In the test protocol period 1 and 3 (before and after the fields) was the same. First (period 1) the subjects were sitting 
down (0 to 30 min) and then (3 1 to 60 min) the subjects executed some cardiovascular autonomic function tests, orthostatic test, Valsalva 
manoeuvre and deep breathing. During the field exposure, period 2, the subjects were sitting down and performed some Rudders mental 
arithmetic tasks. The aim of this task was to keep the subjects active. In the period 3 (after the fields) they were sitting down again (120 to 
150 min) and then (15 1 to 180 min) the subjects executed cardiovascular autonomic function tests again. Since it was impossible to realize 
the 'sham' exposure under 400 kV transmission lines, we used a 33 kV outdoor testing station for group 2. The 'sham' field was switched 
on and off by opening and closing the manually operated disconnector which the subjects were able to see. In practice there was no 
voltage and current even when the disconnector was closed, but the subjects did not know it. The background fields during measurements 
were below 0.01 kV/m and 0.01 pT. Eight ECG recordings were partly faulty. Therefore the pulse rate has been analyzed from 33 
subjects. The f is t  aim was to compare the same subjects' pulse rates before and after exposure to electric and magnetic fields. In the test 
protocol the periods 1 and 3 were the same, so it is possible to compare period 1 to period 3. Group 1 consisted of two subgroups- subjects 
who were measured outdoors and subjects who were measured in tents as it was raining. When the subjects were in the tent the electric 
fields changed and so the exposure fields changed, too. Therefore, in statistical analysis, we have used both the whole group and also the 
group of subjects who were measured outdoors. One problem is the subjects' vigilance. which could be a little different in periods 1 and 3, 
because the measurement time was 3 hours. Stress may also have some effect on the results. The first aim was to test the hypothesis "the 
heart rate does not decrease after the exposure to a real field". In the analysis we compared the subjects' pulse rates before the real 
exposure to pulse rates after the exposure. We calculated the differences of 1-min pulse rates of all subjects at periods 1 and 3. The 
differences in 30 time points (1-30 min and 121-150 min) were tested by using t-tests for matched pairs. In group 1 (outdoors) the result 
was significant in six points @SO.05), in group 1 (total) the result was significant in four points (p10.05) and in group 2, the result was 
significant in twelve points (p50.05). It is difficult to draw conclusions from these results, but at least the fields do not Seem to have much 
Fffect. The second aim was to compare the pulse rates of the subjects exposed to real fields to the pulse rates of the subjects exposed to 
sham' fields. So we compared group 1 (outdoors/total) to group 2. In this analysis we used period 1 and 2. The first period is used to test 
that there are no differences between the groups, when the subjects are not exposed. The second period tests the differences when the 
subjects are exposed. Periods 1 and 2 of the groups were tested using t-test. The result is significant only in one point and this is probably 
due to an error in the rotation speed of the ECG recorder, which causes a small time error. According to this study the fields of 400 kV 
transmission lines (fields below 6 kV/m and 10 pT) did not have an effect on the pulse rate of human heart. Compared to the study of 
Graham et al. (1990) our result is in compliance with Graham's results. In their studies the cardiac slowing response was detected at field 
level 9 kV/m and 200 mG but not at level 6 kV/m and 100 mG. The field strengths used in our study are smaller than those causing 
response in Graham's studies. However, the protocols and methods in Graham's and our studies are different, which makes detailed 
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comparison difficult. In addition, the field strengths measured do not seem to have any effect on the frequency of extrasystole or 
arrhythmia occurrence. Long pauses or blocks could not either be found in or outside the fields. Individual responses were consistent and 
subgroups could be observed. 
Reference 
Graham C, Cook MR. Cohen HD (1990): Final report: Immunological and biochemical effects of 60-Hz electric and magnetic fields in 
humans. Report #DE90006671, NTIS, Springfield, VA. 

I IMMUNE SYSTEM I 
EE l  
SHEEP EXPOSED TO WHOLE BODY EMF SHOW A REDUCTION OF IN VITRO PRODUCTION OF THE 
IMMUNOREGULATORY CYTOKINE INTERLEUKIN-1. S.H. Hefeneide&, S.L. McCoy*l, A.C. Freed*l, J.M. Lee2, B.E. 
Ogden*3 and A.S. Hall*3. Department of Immunology, Department of Veterans Affairs Medical Center, 2Bonneville Power 
Administration, 3Department of Animal Care, Oregon Health Sciences University, Portland, OR 97201 USA. 

The immune system is the principal mechanism for protection of individuals against the harmful effects of bacteria, fungi and viruses, and 
the development of malignancies. Interleukin-1 (IL-1) is an immunoregulatory molecule critical in development of normal immune 
responses. This study was designed to test the hypothesis that environmental exposure of sheep to 60-Hz EMF would reduce the in vitro 
activity of IL-1, and to repeat previous data showing a reduction in IL-1 activity in animals exposed to EMF. Thirty-five female Suffolk 
lambs (7 weeks of age) were purchased from local vendors. Re-exposure evaluation included complete blood chemistries, overall health 
assessment and in vitro IL-1 activity assays. Based on these criteria, 30 animals were selected for study and randomized into two groups of 
15 animals each. One group (EMF) was placed under constant exposure to 60 Hz EMF from a 500 kV line. The second group (Control) 
was placed in a separate pen with exposure to ambient EMF. Mean elecnic field in the EMF pen was 6.81 kV/m and the mean magnetic 
field was 35.0 mG. Animals in the Control pen were exposed to a mean electric field of <0.01 kV/m and a mean magnetic field of 0.29 
mG. IL-1 activity was assessed monthly. Leukocytes, collected from animals in both groups, were cultured for 48 hours at 5% C02 with 
20 pg/ml of the B cell mitogen lipopolysaccharide (LPS). Cell-free supernatants from these LPS stimulated cultures were collected and 
assayed for IL-1 activity using the factor-dependent DIO.S cell line. Results from this study indicated no statistical differences in IL-1 
activity levels between the two groups of animals prior to EMF exposure. In contrast, following exposure to constant EMF, IL-1 activity 
was lower in the EMF group as compared to the Control group, especially after four months of constant EMF exposure. Statistical 
assessment (one-tailed t-test) of differences showed p-values between the EMF and Control groups of p=0.244,0.048,0.100, and 0.008 for 
months one, two, three, and four respectively. After four months of constant exposure, the 500 kV line was turned off during the day and 
back on at night for a one month period. Six IL-1 activity experiments done during this time of intermittent EMF exposure showed no 
statistical differences between the EMF and Control groups. Following one month of exposure to intermittent EMF the study animals were 
again exposed to constant EMF. After four months of constant exposure, IL-1 activity was again lower in the EMF group as compared to 
the Control group (p=0.0025) and remained lower after five months of constant exposure w . 0 3 7 ) .  The nine experiments done to assess 
IL-1 activity during constant EMF exposure were also analyzed collectively using a completely randomized two-treatment design with 
repeated measures over time (one-tailed p-value = 0.004, EMF EL-1 activity lower than Control). After 5 months of constant EMF 
exposure all animals were housed together under ambient EMF conditions, and IL-1 activity was again measured. At one, two, three, four 
and five months postexposure, no statistical differences were seen between the groups. One preliminary analysis of interleukin 2 (IL-21, a 
cytokine distinct from IL-1, failed to note any signifcant difference between the EMF group and the Conuol animals during the exposure 
phase of the study. In addition, preliminary analysis of receptor expression for IL-1, IL-2 and tumor necrosis factor (TNF) failed to note 
any consistent si@icant differences between the groups. No significant differences were seen between the EMF and Control groups in 
the ability of lymphocytes to proliferate in response to the mitogens PHA or LPS. In conclusion, our study suggests that constant 
environmental EMF exposure diminishes the in vitro activity of IL-1. The intermittent and post-EMF exposure assessments also suggest 
that the possible effect of constant EMF on reducing IL-1 activity may be reversible. Additional research is needed to determine whether 
the reduction in IL-1 activity is biologically significant, and to identify responsible mechanisms and exposure factors. 
This work was sponsored by the Bonneville Power Administration and Western Area Power Administration. 

I E a  
IN VIVO EXPOSURE TO 60 HZ MAGNETIC FIELD ALTERS MITOGEN RESPONSE IN RAT THYMIC LYMPHOCYTES. 
J.J.L. Carson1*2, J. Sykes*', R. Mandeville3 and F.S. Prato1V2. lLawson Research Institute and Department of Nuclear Medicine and 
Magnetic Resonance, St. Joseph's Health Centre, London, Ontario, Can a N6A 4L6. 2Bioelectromagnetics Western and Department of 
Medical Biophysics, University of Western Ontario, London, Ontario. %&titut Armand-Frappier, University of Quebec, Laval, Quebec, 
Canada. 

A number of epidemiological studies have shown an apparent association between chronic exposure to weak 60 Hz magnetic fields and the 
incidence of cancer. This association has led us to investigate the biological effects of exposure to weak 60 Hz magnetic fields in 
developing Fischer F344/N rats. We chose to study both resting and mitogen-stimulated cytosolic free calcium concentration ([Ca2+li) in 
thymic lymphocytes taken from magnetic field-exposed rats. Five groups of male rats (ngrou = 9, n m d  = 45) were exposed from the 20* 
day of gestation to 5 weeks of age for 20 hours each day. Each group was exposed to a 68 Hz magnetic field at one of five intensities 
(<O.O2/pT (sham), 2, 20, 200,2000 pT rms amplitude). Seven to 9 days following exposure, [Ca2+]i levels were measured with indo-1 
and fluorescence spectrophotometry. Cells were maintained in suspension with a nonmagnetic mechanical mixing system. After 
collection of basal [Ca2+]i levels for 10 min, lymphocytes were challenged wi the mitogenic plant lectin concanavalin-A (30 pg/ml, 
conA) and measured for an additional 30 min. We observed that resting [CaE]i levels were similar in the five groups (Fig. 1A-D). 
However, conA-stimulated [Ca2+]i levels for the 2 and 20 pT-exposed groups were found to be enhanced with respect to the shamexposed 
group during the first 10 min of the conA response (Fig. 1A & 1B). This elevated [Ca2+]i returned to the shamexposed value within 20 
min after the addition of conA. No apparent difference was observed between the 200 pTexposed and the shamexposed group (Fig 1C). 
However, the overall conA response was higher in the 2000 pT-exposed group (Fig 1D) when compared to the sham-exposed group. 
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These results suggest that in vivo, 60 Hz magnetic fields alter normal c o d  responses in lymphocytes, and both intracellular and 
extracellular calcium mobilization mechanisms are affected. 

C D 

time (s) 

Figure 1. Resting (0-600 s) and cod-stimulated [Ca2+]i (660-2400 s) tracings (me&SEM for each group) for rat thymic lymphocytes 
after a 5 week in vivo exposure to a 2 pT (A), 20 pT (B), 200 pT (C) or 2000 pT (D) 60 Hz rms magnetic field. The bottom tracing in 
each figure is the sham-exposed group. 

Ip-48) 
DIFFERENTIAL MODULATION OF NATURAL AND ADAPTIVE IMMUNITY IN F344/N RATS EXPOSED IN VIVO TO 60 
HZ MAGNETIC FIELDS. R. Mandeville, L. Tremblay, G. Mercier, J. Gagnon and M. Houde. Immunology Research Centre, Institut 
Armand-Frappier, University of Quebec, Laval, Quebec, Canada H7N 423. 

The objective of this study was to serially measure ~ ~ a l  and adaptive immunity responses of Fischer rats exposed since birth to 60-Hz 
linearly polarized, homogeneously distributed magnetic fields (MF) with sinusoidal wave forms. Four different intensities of MF (2.20, 
200,2000 pT) were used in this study. Rats (npup = 8, nt,d = 48) were exposed for 20 hours/day (10 hours in the dark and 10 in the 
light), 7 days/week for a period of 6 weeks. The experimental design included 3 different groups of controls: Sham exposed (< 0.02 pT), 
cage controls (CC, housed in an adjacent room), and sentinels (animals sacrificed serially to insure absence of intercurrent infections). 
Natural immunity was assessed by measurement of NK cell activity and peritoneal macrophage activity (H202, TNF and NO2_production). 
Adaptive immunity was assessed by the in vitro measurements of Total T (CD5+) and B (Ig+) cells, T helper (W) and cytotoxic T cells 
(CD8+). This experiment was repeated twice. We are reporting (Fig 1) a significant decrease in the number of CD5+, CD4+ and CD8+ 
cells at all exposure levels, particularly for the 2000 pT group @< 0.05). 

Evaluation of natural immunity demonstrated that NK cell activity was increased at all 
exposure levels, particularly for the 2000 pT group (pc 0.05). For these parameters a 
dose-response relation was suggested by linear regression analysis (Fig 1, right 
columns). As for macrophage functions, the oxidative burst (as measured by H202 
production) was increased in animals exposed to 200 and 2000 pT (Pc 0.05), while 
TNF and NO - production was not affected. No linear regression relationship could be 
demonstrate2 with all macrophage functions. Data generated from this study 
demonstrated that parameters of natural immunity were positively affected by exposure 
to MF, while those of adaptive immunity were negatively affected. A number of 
possibilities will be presented in order to explain this apparent discrepancy between 
effects on natural and adaptive immunity. 

s 
2 

Fig 1. Effects of 6 weeks exposures to MF on CD4+ (a), CD8+ (b) cells and on NK cell 
activity (c). Values in the right column represent data on individual animals and results 
of the linear regression analysis. 

This work is supported by contract from BC Hydro and Hydro Quebec. 
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p3ir-j 
THE FORMATION OF ALLERGIC REACTIONS AND THE RESISTANCE TO INFECTION FOLLOWING EXPOSURE TO 
MICROWAVE RADIATION. G. Vinogradov*l and J.C. Monahan2. Ukrainian Medical Center of Environmental Health, Kiev, 
Uhaine. 2Food and Drug Adminisnation, Center for Devices and Radiological Health, Rockville, MD 20857 USA. 

The initial stage of our investigation attempted to determine the state of immunological reactivity under the influence to microwave 
radiation. Guinea pigs were individually exposed in unechoid chambers to 2375 MHz radiation at a power density 0.5 mW/cm2. The 
exposure consisted of 20 daily sessions of 7 hours each. The results demonstrated, that microwave radiation produced a decrease of T- and 
B- systems of immunity as measured by the ability of lymphocytes for roset formation, blast transformation, phagocytosis, etc. This model 
was used for further studies. Following microwave exposure the animals were divided into two groups. The guinea pigs of the first group 
were sensibilized by a horse serum, the second - by dinitrochlorbenzol. The results indicated, that non-ionizing microwave radiation 
modifies immunologic response by decreasing the intensity of reactions of immediate and delayed types. Microwave exposure suppressed 
the development of anaphylactic reaction: the average point in the group was 0.77 f 0.4 (control- 2.77 f 0.32) and decreased the 
manifestation of allergic contact dermatitis. The average point of the control group was 2.7 f 0.27, which decreased the manifestation of 
allergic contact dermatitis. The average point was 0.14 in the animals. Another study was carried out to examine the ability of microwave 
exposed animals with a suppressed immunological reactivity to deal with the infection process. The pathogenic Escherichia was chosen as 
an infection agent. The estimation of its ability for epithelialize invasion was carried out on the basis of Kerato conjunctives test. The 
result demonstrated, that exposed animals. So the preliminary exposure of guineas pigs to the microwaves suppressed the immunological 
reactivity of the organism, which results in a decrease of the intensity of allergic reactions of immediate and delayed types and aggravates 
the infections process. This phenomena may be used as an adequate mode for estimation of the significance of changes immunological 
reactivity while the organism is exposed to microwave radiation, for differentiation of protective and damaging reactions of the 
immunological system following microwave exposure. 

NEUROENDOCRINE AND IMMUNE EFFECTS OF LOW DOSE RADIATIONS FROM A TV SET ON EMBRYOS AND 
YOUNG CHICKENS. F. Boudard*l, BJ. Youbicier-Simo*2, C. Cabaner*l, C. Lemaire-Mi~onne*~, J.D. Bayle*2 and M. Bastide*l. 
lhboratory of Immunology, Faculty of Pharmacy, 34060 Montpellier Cedex 1, France. 2Unit of Endocrine Neurobiology, University of 
Montpellier, 34095 Montpellier Cedex 5. 3University of Montpellier, 34095 Montpellier Cedex 5, France. 

This study was performed to evaluate the effects of a TV set broadcast on fertilized eggs and on young chickens for 47 days after hatching. 
The following parameters were assessed: corticosterone and protein plasma levels, body weight and specific humoral immune response 
after infection of an antigen. Fertilized eggs were incubated in a dark room heated at 38fl  "C, permanent darkness, until 3 days before 
hatching, then incubated in a CT-60 Adam incubator (38fl OC, permanent darkness, 80% humidity) until hatching. The TV treatment was 
performed for 18 days at the embryonic phase and for 47 days after hatching. Eggs and chickens were in front of the TV set (Thomson, D 
55 cm, 55MxP83.75 wattd50 Hertz) at a distance of 0.5 m. The magnetic field intensity was measured: 2,12 mG for ELF and 0,247 mG 
for LFL. The immunization of the Chickens was pedormed using porcin thyroglobulin (Tg) injected subcutaneously. Chickens received 
three doses of 125 mg of Tg/lOO g body weight at days 21,30 and 39 after hatching. Blood samplings were withdrawn from the brachial 
vein at 09.00 one day before the first injection (d20) and eight days after the 1st. the 2nd and the 3rd immunization (day 29,38 and 47 
respectively). The determination of corticosterone was performed by competitive protein radioassay. The specific anti-Tg antibodies were 
determined by an indirect ELISA technique using peroxydase-labeled anti-chicken IgM and IgG conjugates. Hasma proteins were 
evaluated colorimetrically by the Biuret technique. Two groups of animals were treated: one control group (10 animals) was incubated and 
grown up in the presence of the switched off TV set (control group, CL); the second one was irradiated (IR group, 10 animals) by the TV 
set covered with a black tissue to avoid visible spectrum from TV screen before and after hatching. Statistical difference (Pe0.05) between 
CL and IR groups were evaluated by the Mann-Whimey test. Control birds exhibited significant increase in corticosterone levels (152.5%) 
until day 38 (Le. after the 2nd injection of Tg) compared to IR animals which have the same unmodified corticosterone level throughout 
the experimental session. The control group strongly responded to repeated immunization and exhibited high IgM and IgG anti-Tg titers 
on days 29,38 and 47; the IR group showed a significant IgM anti-Tg decrease at day 47 (37.2% inhibition) and IgG anti-Tg decrease at 
day 29 (40.3% inhibition). We have also observed a significant decrease in plasma protein levels in IR group compared to CL animals 
(days 38 and 47). Body weights at days 47 were revealed to be slighted although significantly lower in IR group (CL: 65M9g; IR: 
605f5g). These results show the strong inhibitory effect of the radiations broadcast from the TV set on the corticosterone levels and anti- 
Tg antibodies induced by the antigenic stress: these effect were accompanied with a decrease in plasma proteins and body weights. Taken 
together, these experiments show that the radiations from a TV set alter the humoral and immunological responses to antigenic stress in 
embryos and young chickens. 

Lp-541 
EFFECT OF 50 HZ MAGNETIC FIELD EXPOSURE ON ENDOGENOUS CYTOKINES INDUCED BY ANTI-CD3 
MONOCLONAL ANTIBODY IN TWO MOUSE STRAINS. T. Minag$wa*l, A. Nakane*l, M. Asano*l, M. Kohanawa*l, M. Kato2, 
T. Shigemitsu3 and I. Nishimura3. Department of Microbiology and Department of Physiology, Hokkaido University, School of 
Medicine, Sapporo 060, Japan. 3Central Research Institute of Elecmc Power Industry, Biology Department, Abiko, Chiba 270-1 1, Japan. 

Immunological responses of the animals exposed to magnetic field (MF) has been an area of growing interests. Several lines of evidence 
suggest that MF exposure affects immunological responses in vifro[l] and in vivo[2]. Changes in the production of cytokines are 
especially interesting from the view of immuno-surveillance against exogenous pathogen and tumor development. Our ongoing research is 
designed to detect the possible effects of MF exposure on normal immunological responses. The specific objective is to clarify whether 
MF exposure affects the production of IFN-y and IL-6 in serum and spleen, which are induced by anti-CD3 monoclonal antibody (mAb) 
treatment. Besides these cytokines, we also analyzed T-cell subsets. CD4/CD8 ratio in normal, i.e., without any induction, peripheral 
lymphocytes, splenocytes and thymocytes. We exposed C57BL/6 and ddY male mice to 50-Hz circularly polarized, 90 degrees out of 
phase, continuous MF for 1 to 9 weeks in four experiments, 2 to 6 mice per group. The intensity was 1pT in spatial vector and control 

133 

I 



animals received less than 0.02kT. The exposure condition remained identical throughout the four experiments except exposure time. 
Details of the exposure facility were reported elsewhere[3]. At the last day of exposure, we injected antiCD3 mAb to the animals from 
tail vein. At 1.5 and 6 hours after the injection, the animals were sacrificed under light anesthesia to assay cytokines with ELISAS. While 
another set of normal, no-induction animals in exposed and control groups was also sacrificed to examine T-cell subsets. Cells were 
labeled with anti-L3T4-PE and anti-Ly-2-FITC then analyzed by using flowcytometer, two-color analysis. Results indicated that 
CD4/CD8 ratio in exposed peripheral lymphocytes, splenocytes, and thymocytes from both strains were variable, but the differences were 
not significant. IFN-y tended to decrease at 6-week in both strains. IL-6 showed increase at 1- to 2-week then decreased at 6-week. These 
results suggested some effects by MF exposure on the endogenous cytokine production from anti-CD3 mAb induced mice in both suains. 
However, direction of the changes was not stable and the magnitude of the changes was not large. Neither clear suain-inherent response 
nor a certain pattern in changes was observed. Further replicate experiments and additional studies are needed to reach a f m  conclusion 
of MF influence on immunological system. 
[l] McCoy, S.L., et al. Reduction of in vitro production of the immunoregulatory cytokine interleukin-1 in sheep exposed to whole body 
EMF. DOE Contractors' Review Meeting 1993, Savannah, Georgia, U.S.A. P-60. 
[2] Mandeville, R., et al. Effects of continuous exposure to 60-Hz magnetic fields on cell-mediated immune responses in F344/N rats. 
DOE Contractors' Review Meeting 1993, Savannah, Georgia, U.S.A. A-38. 
[3] Shigemitsu, T., et al. 50-Hz magnetic field exposure system for small animals. Bioelectromagnetics 14107-1 16 (1993) 

(p-561 
DOSE DEPENDENT INFLUENCE OF CONTINUOUS OR AMPLITUDE MODULATED MICROWAVE EXPOSURE ON THE 
IMMUNE RESPONSE OF MALE AND FEMALE MICE. E. Elekes*, G. Thuroczy* and L.D. Szabo*. Natl. Res. Inst. for 
Radiobiology and Radiohygiene, H- 1775 Budapest, Hungary. 

The alteration of the immune function can be used to detect the in vivo effects of microwave exposure in experimental conditions. In 
Swiss mice an elevation of haemagglutinin titer after exposure to pulsed microwaves could be observed. Other authors demonstrated, that 
only combined pulsed and amplitude modulated microwaves induced marked elevation of the immune response, depending on the 
amplitude modulating frequency. In our work the effect of continuous wave (CW) or 50 Hz amplitude-modulated 2.45 GHz microwave 
exposure (average power density 100 mW/cm2 whole body SAR 0.141 mW/g) on the immune response of Balb/c mice was tested. Mice 
were exposed for six subsequent days for one hour and a half, three, six or twelve hours pro day, and immunized on the second day of 
exposure with sheep red blood cells. Mice were bled on the 5th day of the immune response. The haemolytic plaque test detecting 
predominantly IgM producing cells was carried out according to the method of Jeme et al. The serum heamagglutitinin titer was 
determined by the micromethod according to Takatsy. CW exposure for 3 and 6 hours pro day enhanced the number of antibody 
producing cells in the spleen of male mice. Amplitude-modulated microwave exposure for 3 and 6 hours induced significant elevation of 
the spleen weight and spleen index, and elevated the number of antibody producing cells in the spleen of male mice. Exposure for one 
hour and a half hardly influenced the number of antibody producing cells in the spleen of male mice. AM microwave exposure for twelve 
hours induced moderate depression of the number of antibody producing cells in the spleen of male mice. In female mice the immune 
response in the spleen was hardly influenced, but the AM microwave exposure for twelve hours induced moderate depression. Serum 
haemagglutinin titer was not altered in the investigated groups. 
The research work was supported by the PHARE-ACCORD program No: 0492. 

I CELL BIOLOGY I 
Lp-581 
INTENSITY-DEPENDENT EFFECTS ON ENOLASE ACTIVITIES IN NEUROBLASTOMA CELL LINE INDUCED BY 60 HZ 
MAGNETIC FIELDS. A.S.M.I. Nazar, N. Isaac* and S.K. Dutta Molecular Genetics Laboratory, Department of Biology and 
Department of Genetics and Human Genetics, Howard University, Washington, DC 20059 USA. 

In a previous study (Dutta et al., Bioelectrochemistry & Bioenergetics 27: 179-189, 1992) we have reported intensitydependent enolase 
activity induced by modulated exna-low-frequency (ELF) electromagnetic fields. The present study is to find out the intensitydependent 
effect at ELF magnetic field alone. The 60-Hz frequency was taken because of its importance in day to day life. The exposure system was 
a Crawford chamber as has been described by us before. The following intensities were given in an uniform sinusoidal wave form (10.0, 
8.22,4.11,2.08 and 1.02 V). The respective calculated E fields were 112.7,89.5,45.31,22.98 and 11.34 V, and the calculated B fields 
were 138.67, 110.09.55.79.28.26 and 13.94 nT-. Sham and control experiments, and measurement of locai geomagnetic field were 
made to show that control and exposed cells were placed in the same environment. NG108 cell line was used because of its wide use in 
neurogenetic and neurotoxicology research. Confluently grown cells were exposed to 60-Hz magnetic field for 30 minutes and the 
activities of the enolase enzyme were analyzed in control versus exposed samples. Our results showed an intensitydependent effect at 
8.22 V. Studies were also extended to E. coli cells, containing an enolase gene and similar pattern of intensity dependent is observed. 
(Supported partly by an EPA grant, and partly by an institutional training grant from NIGMS-NIH). 

mrl 
AN EFFECT OF VERY WEAK ELECTROMAGNETIC FIELDS ON SEEDS SPROUTING AND PLANTS GROWTH. Z.A. 
Czerska*l and J.P. Casamento*2. lHoly Cross Elementary School, Garrett Park, MD 20896 USA. kDRH, FDA, Rockville, MD 20857 
USA. 

Pumpkin and morning glory seeds were exposed to 60 mG 60 Hz sinusoidal electromagnetic fields 12 hours a day for 6 to 31 days. The 
seeds were placed between the glass walls and a paper towel in two identical beakers with 10 seeds around each beaker. One beaker was 
placed in the exposure system, and a second was used as a control. The exposure system was a Helmholtz coil which was consaUcted with 
identical windings of 28 turns around a 12" diameter cylindrical cardboard form 12" high. The controls were placed in an identical 
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cardboard form without windings. The background magnetic field for exposed and control samples was O., mG. Exposed and control 
samples had identical lighting and environmental conditions. Seeds were watered daily with a 100 ml of water. The seed sprouting and 
plant growth were checked daily. The experiment was repeated three time with similar results. The exposed plants grew faster and taller 
than the controls. Results of this experiment suggest that weak electromagnetic fields promote plant growth. 

Lp-621 
WEAK ELF MAGNETIC FIELDS INFLUENCE REGENERATION IN THE PLANARIAN DUGESIA TZGRZNA. K.A. Jenrow, 
C. Smith* and A.R. Liboff. Department of physics, Oakland University, Rochester, MI 48309 USA. 

We have previously reported (1) that a p allel combination of AC (60 Hz, 100 mGp), and DC (784 mG), magnetic fields, which satisfy 
the cyclotron resonance condition for Gag, significantly (pe0.001, N=70) delayed, by 48fl hours, the mean regeneration time observed 
in control populations (141332 hours) for head regeneration in the planarian Dugesia tigrina. The underlying mechanism was shown to be 
distinct from Faraday induction, and to be dependent upon the planaria having a fixed orientation with respect to the magnetic field 
vectors. Subsequent evaluation of this data has revealed that the delay in regeneration produced by the applied fields involves processes 
that precede the onset of proliferation and differentiation. Once initiated, proliferation and differentiation are apparently unaffected by the 
fields. It has recently been established by other investigators (2) that during the first 24 hours post-lesion elevated serotonin and 
catecholamine levels initiate a signaling process involving both cyclic AMP and Ca2+ in an undifferentiated population of neoblastic cells. 
These signalling events are coupled to the onset of DNA and RNA synthesis, and ultimately to the proliferation and differentiation of these 
cells. The regenerating tissue is believed to derive exclusively from the neoblasts. There is, therefore, a molecular basis for interpreting 
our results in which Ca2+ plays a prominent role. The endpoint used to assess the extent of regeneration was the appearance of bilateral 
eye pigmentation. This pigmented tissue is derived from the regenerating portion of the central nervous system (3). It has been observed 
that many of the planaria in the delayed populations displayed normal regeneration patterns in their peripheral tissues but failed to develop 
eye pigmentation. This suggests that the delayed regeneration involves magnetic interactions specific to the nervous system. This is 
consistent with the observed orientational dependence of the effect in that nervous system tissues, unlike the neoblasts and peripheral 
tissues, possess a well defiined Orientational aspect. It is also consistent with reports in the literature of effects of ELF magnetic fields upon 
neurite outgrowth (4). Histological investigations are now in progress to elucidate the anatomical specifics of this effect. If these 
observations are confiied, the planarian would represent an ideal in vivo model for investigating the effects of weak ELF magnetic fields 
upon nervous tissue because it simultaneously allows a detailed analysis of events at the molecular level. It has also been shown to share a 
surprising number of characteristics in common with mammalian nervous systems (5). 
(1) K.A. Jenrow, et. al., in review 1994. 
(2) I. Martelly, et. al., Trends Biochem. Sci. 8,468 (1984). 
(3) H.V. Brondsted, Planaria Regeneration, Pergamon Press, New York, 1969. 
(4) C.F. Blackman, et. al., Bioelectromagnetics 14(3), 273 (1993). 
(5) H.B. Samar, et. al., Can. J. Neurosci. 12(4), 2% (1985). 

LOW FREQUENCY MAGNETIC FIELD EFFECTS ON CYTOKINE PRODUCTION AND HUMAN B-CELL RESPONSE. S. 
Mehtal, 0. Chanl, D. Blackinton', J. Pennuccil, D. Cherlin2 and C. Polk2. Roger Williams Medical Center, Brown University, 
Providence, RI 02908 USA. 2Deparunent of Electrical Engineering, University of Rhode Island, Kingston, RI 02881 USA. 

Bel ls ,  after originating from hematopoietic stem cells, differentiate through several stages, including activation and proliferation, before 
becoming terminal plasma cells that secrete immunoglobulins. The identiFication of cytokine signals involved in this maturation process 
has greatly aided in understanding Bcell immunobiology. We have examined the effect of a time varying magnetic field on (1) the ability 
of normal human Bcells to secrete immunoglobulin M, IgM, (2) the alterations in cytokine (JL-2, IL-1 and Interferon Gamma) secretion 
by normal human T e l l s  and monocytes that affect B a l l  growth and differentiation; (3) modulation of the neoplastic B-cell line, RPMI- 
1788 for growth and spontaneous IgM secretion; and (4) the changes in the growth characteristics of the EBV transformed Bcell line, Raji 
that does not spontaneously secrete immunoglobulins. 
The exposure system consisted of horizontally and vertically oriented coils in Helmholtz confiigurations. The vertically oriented coils were 
used to oppose (Le. to cancel) the horizontal component of the DC magnetic field inside the central portion of the incubator. The 
horizontally oriented Helmholtz pair was fed, through a suitable isolating network, by both a DC power supply and a sine-wave signal 
generator. The DC current was adjusted to cancel the vertical component of the DC field in the incubator, and the AC current supplied a 
15 Hz magnetic flux density of 0.86 gauss peak. Both horizontal and vertical components of the DC field were below 2 milligauss in the 
central region where four 96-well culture plates were placed. The DC magnetic field in the incubator, at the position where controls were 
located, was approximately 0.36 gauss in the horizontal direction and 0.08 gauss in the vertical direction. The 60 Hz stray field in both 
incubators was below 1 milligauss. 
Human peripheral blood B lymphocytes (106/rd) were cultured at 37 OC in vitro for a period of seven days with a pokeweed mitogen (1% 
v/v) in th presence and absence of a magnetic field as described above using a 96-well culture plate. For secreted cytokine measurements, 

assayed by either bioassay or ELISA. The B-lymphoblastoid cell lines, RPMI-1788 and Raji, were also exposed to the magnetic field for a 
period of 48-72 hours. Spontaneously secreted IgM by RPM-1788 after exposure to the magnetic field was quantified by enzyme-linked 
hnmunosorbent assay (ELISA) specific for the p heavy chains of the protein. 
Our preliminary results show that magnetic field exposed neoplastic RPMI-1788 cells demonstrated a decrease of 7-23% (5 out of 6 
experiments, ~ 4 . 0 5 ,  one tailed t-Test) in the spontaneous secretion of IgM. In contrast, normal human B-cells demonstrated enhand (3- 
77%) IgM secretion (six donors, ~ 4 . 0 5 ,  one tailed t-Test) compared with the unexposed control group. Normal human Bel ls ,  in the 
presence of an activator, anti-human IgM (15 pg/ml), and B cell growth factor (10-20% v/v) when exposed to the magnetic field for a 
period of % hours exhibited an e n h a n d  growth of 8-35% (2 out of 3 experiments) whereas, RPMI-1788 cell growth measured at 48 
hours declined by 14-27% (2 out of 3 experiments, ~ 0 . 0 5 ,  one tailed t-Test) compared to their respective unexposed cell controls. These 
results suggest that the alterations in IgM secretions are linked to the alterations in Bcell growth prior to differentiation. It appears that the 
15 Hz magnetic field can modulate normal and neoplastic Bcell maturation (proliferation and differentiation) differently. Additionally, 

PBL (1 0% /ml) were exposed to PHA-M (0.75% v/v) in the presence and absence of the magnetic field and the conditioned medium was 

135 



1 , 
I c 

our data also show that B-cell maturation cytokine synthesis and secretion is affected by magnetic field exposures. The measurement of 
cytokine secretions demonstrated 3-4 fold enhancement of IL-2 and 3733% reduction in interferon gamma secretions by PHA stimulated 
T-lymphocytes in magnetic field exposed cells in comparison to unexposed cell controls. The secretion of IL-10 by lipopolysaccharide 
stimulated monocytes under magnetic field exposure was reduced by 38*8% compared with unexposed control cells. These results are of 
interest concerning magnetic field effects on the response of disease states of human B-cells that are modified and regulated by cytokines. 
This work was supported in part by NIMS grant ES 05970. 

. 
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LOW FREQUENCY, LOW INTENSITY ELECTROMAGNETIC FIELDS SHOW DIFFERENT EFFECTS ON CELL 
CULTURES IN VITRO. A. Jeglic*l, B. Filipic*2, D. Fefer*l, J. Bratanic*l, M. Ko~levcar*~ and S. R ~ z m a n * ~  lFaculty of Electrical 
and Computer Engineering 61000 Ljubljana. Slovenia. 21nstitute for Microbiology, Medical Faculty, 61000 Ljubljana, Slovenia. 31sh 
Medica, 61000 Ljubljana, Slovenia. 4BIA Ltd., 61000 Ljubljana, Slovenia. 

Effects of low fiequency, low intensity sinusoidal electromagnetic fields of different spatial structure (1, 2 and 3 dimensional) on the 
transformed cells in vitro were analysed. Cells were exposed to the generated sinusoidal elecrromagnetic fields (B=10 pT, f=50 Hz). 
Experimental fields were generated by three pairs of Helmholtz coils positioned in the shape of the cube which was spatially oriented. 
Input signals were time delayed for 1/2 of the period for each of the pair. Confluent cells (HeLa, WiREiQ were exposed to the 
electromagnetic fields for four time one hour with one hour pause. supernatants were collected for enzyme (alkaline phosphatase) assay. 
Cells were splitted for growth and morphology analyses. When EMF effects on cell growth were studied, the differences between them 
were observed. The highest effect was in case of 3 D and 1 D fields, in contrast to 2 D field. After the exposition, the cells became 
enlarged and vacuolised. When expositions were repeated (three time or more) the degeneration processes could be observed. Similarly 
the changes of the alkaline phosphatase could be seen. The increase was seen similarly, again in case of 3 and 1 dimensional fields in 
conaast to -2 D field. 

pmrj 
HUMAN GLIOBLASTOMA CELL PROLIFERATION FOLLOWING EXPOSURE TO 10 G 60 HZ SINUSOIDAL 
ELECTROMAGNETIC FIELDS. E.M. Czerskal, J.P. Casamento** and M.L. Swicordl. lDivision of Life Sciences and 2Division of 
physical Sciences, Office of Science and Technology, Center for Devices and Radiological Health, Rockville, MD 20857 USA. 

The glioblastoma cell line, T98G, was derived from a human glioblastoma multiforma tumor. This cell line shows a unique combination 
of characteristics of normal and transformed cell proliferation. T98G cells can be arrested in G1 phase like normal cells under appropriate 
conditions, and yet they display characteristics of transformed cells. The present experiment is designed to study cellular proliferation 
under either genetic or environmental control. Cells were grown in T75 flasks to confluency, when they become arrested in G1 phase. 
Cultures were maintained in a C02 incubator during exposure to 10 G 60 Hz sinusoidal electromagnetic field for 1 hour. Exposure system 
was a solenoid coil, with a control flask placed simultaneously in a p-metal lined identical coil that was situated next to the exposure coil 
in the C0.L incubator. Aliquots were removed periodically and were examined for total RNA and DNA in FACScan (TM) flow cytometer. 
Acridine Orange staining for simultaneous RNA and DNA fluorescence was used (Darzynkiewicz method). This method provided a 
convenient means of monitoring cell proliferation and differentiation by observing the RNA and DNA content of the cells. Cells were 
exposed for one hour and aliquots were taken at one hour intervals after exposure. The results showed an increase of both RNA and DNA 
following exposure. The increases were apparent after 1 hour and continued to increase up to three hours to as much as 25% above the 
controls. By the end of the 6 hours of observation, the increase in RNA ceased. The increase in DNA values was less dramatic than in the 
RNA, but persisted throughout the &hour observation period. These studies suggest that 60 Hz fields can affect cell proliferation. 

Ip-701 
EFFECTS OF ALTRNATING MAGNETIC FIELDS ON CYCLE PARAMETERS OF HUMAN LEUCEMIC CELLS. E. 
Liss*l, K. Brinkmann and R. Fitzner*l. lFreie Universitat, Berlin. 2Technische Universitat, Braunschweig, Germany. 

In a previous paper /1/ we reported, that the growth of human leucemic cells was not influenced by 50 Hz alternating magnetic fields (ME) 
with field strengths from 1 - 100 pT. Likewise no effects could be detected with cells which had been pretreated with the alkylating agent 
Trenimon. These results have confiied earlier investigations with ascites tumor cells from mice. The present investigations have been 
done to obtain more information about details of the cell cycle and the possibility that some parts of it could be influenced by MFs without 
showing visible effects on the cell growth as a whole. Human leucemic cells were used in the experiments. They were cultivated in 
suspension culture with RPM 1640 medium supplemented with 1 W o  fetal calf serum. The pH was maintained with hepes buffer to avoid 
the necessity of aerating the suspensions with Co.2 air mixtures. The cells reached doubling times of 16 hours. Cell counts were done with 
a Coulter Counter. The cell suspensions were exposed to 50 Hz MFs with field strengths of 1 and 10 pT for 8 hours. Control cells were 
kept under identical conditions with careful maintenance of similar temperatures. At the end of the exposure H3-thymidine was added to 
the cell suspensions. After 1, 2, 3, 4 or 5 hours, respectively, samples were taken and smears were prepared. The smears were covered 
with a thin layer of a special photaemulsion. After an exposure of the smears for 10 to 14 days in the arkness they were developed and 

which had been in the DNA synthesis phase at the time of thymidine addition. Table 1 below shows the H -indices, that is the number of 
labeled cells in relation to all cells, expressed in percent. In view of the unavoidable analytical error there is no significant difference 
between treated and control cells. This indicates, that the duration of the DNA synthesis phase was not changed under the influence of the 
applied MFs. Furthermore W t e d  cells and control cells did not differ with respect to the time of appearance of labeled mitosis. In both 
cases 50% of the mitosis are labeled 2.6fo.2 hours after addition of H3-thymidine to the cell suspensions. This indicates, that under the 
influence of the applied MFs the duration of the G2-phase was not changed significantly as it was the case with the above mentioned 
duration of the S-phase. Many experiments have shown, that the growth of several cell types is not influenced by MFs. Measuring the 
growth however cannot exclude, that still something happens at single phases. For example the change of duration of the G2 phase by 30 
minutes could have been detected by the described procedure. This effect would be overlooked if only growth rates were measured, 

stained. With this procedure silver grains O C C U H ~ ~  above those cells which had incorporated the H 4 &pidine indicating those cells 
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because a change of 30 minutes is small with respect to the whole doubling time of 16 hours and would be in the range of analytical error. 
Furthermore measuring of the entire growth rate will not allow to detect the possibility, that one phase is changed in one direction and 
another phase in the contrary direction. The described experiments allow a more distinct view on possible changes, which can happen after 
treatment of cells in several manners. The experiments show, that MFs with the used field strengths have no significant influence on the 
duration of some distinct phases of the generation cycle of human leucemic cells. 
/1/ E. Liss and K. Brinkmann, "Effects of low level magnetic AC fields on tumor cells cultivated in suspension", 7th International 
Symposium on High Voltage Engineering, Dresden, Germany, Paper No. 94.06, Vol. 9, pp 107-108,1991. 

Ip-721 
HUMAN UMBILICAL VEIN ENDOTHELIAL CELLS EXHIBIT INCREASED PROLIFERATION RATES BY EXPOSURE 
TO A RANGE OF WEAK PULSED ELECTRO-MAGNETIC FIELDS. J. Doell, S.L. Harley1, S.E. Abbot1, BJ. Simon2, D.R. 
Blake1 and C.R. Stevens1. lThe Bone and Joint Inflammation Unit, London Hospital Medical College, London El 2AD, U.K. 2Electro 
Biology Inc., Parsippany, NJ USA. 

The effect of Pulsed Electromagnetic Fields (PEhW) in the treatment of a variety of bone disorders has fresuently been reported. Studies 
have shown that PEMF causes significant increases in growth rate and vascular reorganisation of endothelial cells in vitro1 We have 
reproduced the effect of endothelial cell reorganisation into tube or vessel-like structures in preconfluent cultures and, in addition, have 
reproducibly shown that significant augmentation of endothelial cell proliferation can be achieved by as little as 1 hour exposure to PEMF 
(Electro-Biology Inc., Bone Healing System). We have also investigated the PEMF effect on the activation of the transcription factor 
NFKB (which controls the transcription of genes which encode a variety of important cytokines which regulate angiogenesis) and shown 
the effect to be additive to that of the established angiogenic activator hydrogen peroxide. We present here the results of proliferation 
assessments on human umbilical vein endothelial cells (KWECs) after exposure to varying strength PEMF. The EBI Bone Healing 
Signal consists of bursts of 20,225 p duration pulses repeated at 15 Hz with a peak magnetic field of 18 Gauss. To examine whether 
fields of lower peak amplitude could also influence endothelial cell proliferation, HUVECs were exposed to fields of 6.0, 2.0 and 0.7 
Gauss. HLJVECs were isolated and cultured using standard techniques and seeded at a concentration of 4OOO per coverslip (Thermanox) 
and allowed to adhere for >1 hr. Bromodeoxy uridine (BrdU) was then added to the cells to give a final concentration of 10 W/well. 
Both stimulated and control plates were incubated for 8 hrs at 37 OC. The BrdU incorporated into the DNA of dividing cells was detected 
using a standard antibody/peroxidase assay. The percentage of proliferating cells was then assessed for each coverslip by light 
microscopy. Statistical analysis was performed using Student's t-test. The results are summarized in the table and show that a significant 
increase in proliferation was achieved at all field strengths (pc0.01 in all cases) but that over this amplitude range no dose response curve 
was evident. 

18 Gauss 8 hrs 
n=9 n=2 n=2 n=l 

6 Gauss 8 hrs 2 Gauss 8 hrs 0.7 Gauss 8 hrs 

Control-% 29.03 28.50 27.96 15.11 
proliferating cells sd= 1.765 sd=0.71 sd=0.19 
PEMF exposed % 35.90 35.87 36.13 18.70 
proliferatinp cells sd=2.15 sd=0.73 sd= 1.40 
I increase over 26.08 25.93 29.18 23.76 
control sd=6.61 sd=5.71 sd=4.13 

Preliminary experiments using an exposure time of one hour at 18 Gauss PEMF also gave significantly increased endothelial cell 
proliferation over a subsequent 7 hour period in control conditions. These results indicate that therapeutic benefits from applied PEMFs 
may be achievable in less treatment time and by lower strength fields. Studies are continuing to find the optima for treavnent conditions 
where proliferation is thought to be beneficial. 
.Yen-Patten et. al., 1988, J. Cell. Physiol. 134:37. 

Ip-741 
THE EFFECT OF THE PEMF ON CIANOBACTERIA. 2. Obreht', N. Pekaric-Nadj and V. Dosed. lFaculty for Natural Sciences, 
Institute for Biology and Faculty of Technical Sciences, University of Novi Sad, 21000 Novi Sad, Vojvodina, Yugoslavia. 

The aim of this work was to look for the effect of the pulsating electromagnetic field (PEMF) on blue-green algae or cianobacteria. These 
algae raised great interest lately for their possible role as a natural fertilizer. 
The inoculum for the experiment was made of an immeasurably small amount of cianobacteria (Nostoc, strain 2S9B). The cianobacteria 
were taken from the sand layer, where they were kept dried for five years, and placed in 3000 ml of nutritive medium (standard solution 
BG-11 with nitrogen in a form of nitrites). Everything was mixed and homogenized on vortex. Eleven groups of 5 Erlenmeyer flasks were 
filled with 50 ml solution each. The first (control) group was sham exposed and the rest 10 groups were exposed to the PEMF. 
Exposure conditions were as follows. The PEMF was generated by the microprocessor controlled generator and the applicator which 
produced vertically oriented homogenous magnetic field. The generator emitted for each group the same single pulses (70 ps long square 
pulses with 1 mT peak value), but with the different repetition rate. Respective frequencies were 8, 15, 24, 35,45,50,55,60,65, and 75 
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pulses per second (pps). All groups were exposed to PEMF only once for 30 minutes, at the beginning of the experiment. Immediately 
after, all groups were placed in the zone with the controlled light intensity. They were grown in the same medium for the next 30 days, at 
the room temperature and in the local geomagnetic field. After that the analysis was performed double blindly. Following data were 
monitored: 
1. Absolute biomass (after McKinney, 194 1) 
2. Relative number of single cells (deterioration of natural filaments) 
3. Relative protein concentration (after Loway, 1951) 
4. Relative ammonium concentration (after Solonano, 1969). 
Results of the analysis showed that the biomass of algae was significantly decreased by frequencies 55,60  and 65 pps. For the same 
frequencies the number of single cells was significantly increased. Analysis also showed that at. these frequencies the significant increase 
in extra cellular protein and ammonium concentration was present, probably as a result of cell destruction. 
The same experiment was repeated with another cianobacteria (Anabaena, strain 2C1B). The results of this experiment. were very similar, 
except that the deterioration in biomass and filaments occurred on wider range of the frequencies, at 45,50,55,60 and 65 pps. 

- 
. 

]p-76] 
EFFECTS OF EXPOSURE TO SINUSOIDAL 50 HZ MAGNETIC FIELDS ON LYMPHOKINE-ACTIVATED KILLER Y L L  - 
TARGET CELL CONJUGATE FORMATION. C. Ramoni*l, C. Ceracchini*l, M.L. Dupuis*l, C. Petrini*2, A. Polichetti* and P. 
Vecchia*2. 'Laboratorio di Immunologia, Istituto Superiore di Sanita, Rome, Italy. 2Laboratorio di Fisica, Istituto Superiore di Sanita, 
Rome, Italy. 

Natural Killer (NK) cells are cytolythic effectors that mediate Major Histocompatibility Complex-independent killing of target cells and 
are morphologically identifiable as large granular lymphocytes. E - 2  directly enhances the MHC-unrestricted cytolythic activity of NK 
cells (LAK phenomenon). NK cells have been documented to induce lysis of tumor or virally-infected cells by a process that has been 
divided into several discrete steps. The frrst step involves the conjugate formation between target and effector cells. The following steps 
are related to gene activation, cytokines release, DNA synthesis, cell proliferation. The most important mechanisms that contribute to the 
lysis of the target are due to the damage of the cell by means of the perforine molecule and other lythic factors. The conjugate foxmation is 
crucial in triggering the lythic phenomena. The immune system seems to be more sensitive to Extremely Low Frequency (ELF) 
electromagnetic fields than other systems. Different studies indicate some interactions of ELF fields at the cell membrane level. The most 
consistent data show change in ion flux (both influx and efflux, particularly of Calcium ions). We investigated the effect of exposure to a 
homogeneous 50 Hz magnetic field on the formation of conjugates between LAK effector cells and DAUDI or K562 tumor target cells. 
For this purpose, the sample holder of a FACSCAN cytometer was modified to be inserted between a pair of Helmholtz coils where 
electric current was circulated. Dualcolor flow cytomeuy was used to determine the kinetics of conjugate formation as well as for 
enumerating LAK-target conjugates. In our experiments the fluorochromes hydroethidine and calcein have been used as labels for target 
and effector cells respectively. The labelling does not alter targetconjugate formation. Preliminary results do not show any significant 
difference between non-exposed cells and cells exposed to magnetic flux density levels up to 1 mT. 
Supported by the CNR-ENEL Project - Interactions of Energy Systems with Human Health and Environment - Rome, Italy. 

Ip-781 
EFFECT OF ELECTROMAGNETIC FIELD TREATED DISTILLED WATER ON THE PHOTOSYNTHETIC ACTIVITY OF 
HIGHER PLANTS. M. Dilova Institute of Plant Physiology, Sofia-1 113, Bulgaria. 

The growth of green plants cultivated as hydroponics as well as their biochemical characteristics are depending on the physico-chemical 
properties of the water used as a growing medium. It was established earlier that the fresh weight of the roots and the green parts of 20 day 
old green plants grown in electromagnetic field treated distilled water (EMFTDW) is higher than that of the control. The difference in 
plants response to cultivation in EMFI'DW or in control water indicates that the EMF treatment modifies some characteristics of the water. 
The observed complex event involves the direct action of EMF on the water and the cosequent one of the latter on the mechanisms of the 
various biochemical processes realization in plant tissue. The multiple role of water in photosynthesis suggests that the increased organic 
matter accumulation may be due to photosynthetic activity enhancement. In this work the effect of EMFTDW on net photosynthesis, 
chloroplast pigment content, in vitro C@ assimilation and photophosphorylation, ribulose-bis-phosphate carboxylase and 
phosphoenolpyruvate carboxylase activity are assayed. The plants ( P h e o l u s  vulgaris L.) are grown 20 days as water culture in pots 
containing 11 distilled water. Constant EMF of 0,21 T is generated by an apparatus through which the water runs (l/s, d s ) .  The control 
plants are grown in nontreated water. The water is changed every day. No traces of the metals of the inside surface of the apparatus are 
detected in the water by atom-adsorption analysis. The EMF treatment increases pH of the water by 0,5-0,6. The plants in the EMFI'DW 
differ considerably from the control. Their mass and size are 2-5 fold higher. The EMFTDW largely stimulates net photosynthesis and 
increases total pigment content in the leaves the increase of chlorophyll being higher than that of chlorophyll h. Carbon 
photoassimilation and photophosphorylation studied by means of Hi4C03 and H32P042- respectively in isolated leaf protoplasts and 
chloroplasts are also enhanced. Ribulose-bis-phosphate carboxylase activity is increased to a larger degree than that of 
phosphoenolpyruvate carboxylase. The data presented reveal that the EMF treatment of distilled water results into change in its 
characteristics as a growing medium and the latter lead to variation in the interaction between water and plant, photosynthesis being one of 
the processes largely affected. 
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Ip-801 
CELLS EXPOSED TO ELECTROMAGNETIC FIELDS EXHIBIT ENHANCED CELL PROLIFERATION. G. Katsir* and A.H. 
Parola. Departments of Chemistry Ben-Gurion University of The Negev, Beer-Sheva, Israel 84105. 

The effect of weak sinusoidally varying electromagnetic fields (SVMF) on chicken embryo fibroblasts (CEF) proliferation was assayed by 
two methods; Thymidine incorporation and a colorimetric test-MlT ([3-(4,5dimethylthial2-y1)]-2,5 diphenyltetrazolium bromide). In 
both cases exposure to SVMF was for 24 hours at different frequencies (100, 60 and 50 Hz) and intensities (7, 6.5.4, 3 and 2 gauss). 
According to the MTT test there is an increase in cell proliferation (up to 42% at 100  Hz/7 gauss) after exposure to SVMF. Furthermore 
we see a direct correlation between the intensity of the field at the 100 Hz frequency and the rate of cell proliferation (lower cell 
proliferation at reduced field intensities). Changing the frequency at 7 gauss showed a similar correlation, i.e. with lower frequency cell 
proliferation is slowed down, which in all cases was higher than that of the sham exposed cells. These results were not reproduced by the 
Thymidine incorporation method. The methods in the present study complement and strengthen those observed before (A. H. Parola, N. 
Porat and L.A. Kiesow (1993) Bioelecuomagnetics, 14,215-228; S.C. Nemschitz-Baram, J. Tal and AH. Parola - unpublished results). 

Ip-821 
EFFECTS OF EM-EXPOSURE ON THE FUNCTIONAL ACTIVITY OF BONE MARROW AND THE PHAGOCYTES. E.A. 
Korneva, F.S. Bames, V.A. Grigoriev, E.N. Isaeva and S.M. Laloshina. Dept. Electrical and Computer Engineering, University of 
Colorado at Boulder, Boulder, CO 80309-0425 USA. 

Recently it has been shown that electromagnetic fields can modulate the process of cell proliferation, DNA, and RNA synthesis. There is 
no information about influences of low frequency EM-fields on the hematopoietic and nonspecific mechanisms of defense. Continuous 
restoration of the pool of cells participating in reaction of defenses is dependent on bone marrow capability to produce and supply stem 
hematopoietic cells, which may be measured by endogenous spleen colony formation (Till., 1961). The effect of electromagnetic 
exposition of animals on bone marrow function and phagocitics activity has been analyzed in the present work. 
All experiments were done on 180 male mice BC strain, weight 19-29 g. Bone marrow assay: all mice were irradiated with 6.0 Gy of total 
body X-rays. The controls were two groups of mice: 1-only X-rays exposed mice; 2-X-rays exposed + shamexposed mice. Experimental 
mice at 2-3 h. after X-rays were exposed to repeated electromagnetic irradiation (5 days at 11 - 12 a.m. daily, during 1 h, B = 21.6 pT, f=50 
-1. 
The results of the investigation show that the electromagnetic field exposure leads to increasing number of hematopoietic colonies in the 
spleen to 7.4k1.2. In control group 1 the number of colonies was 3.7rtO.05 and in control group 2 the number was 3.1M.05. This gives a 
statistical significant difference between the exposed and control groups 1 and 2 with a Pc0.02. The thymus index (thymus weightbody 
weight) decreased with a P<0.05 compared to control groups 1 and 2. Additionally, the phagocyte activity of granulocytes decreased by 
41 .l% k4.2% with respect to the controls and the average number of germs inside the granulocytes was 2.1M.9 as compared to 7.7k1.8 in 
the controls. 
These results suggest that low frequency EM-fields have a positive influence on the recruitment process in immune systems, but inhibits 
the functional activity of adult phagocytes. 

60 HZ ELECTRIC AND MAGNETIC FIELDS HAVE OPPOSITE EFFECTS ON Na,K-ATPase ACTIVITY. M. Blank and L. 
Soo*. Department of Physiology and Cellular Biophysics, Columbia University, New York, NY 10032 USA. 

The Na,K-ATPase, the "ion pump" enzyme in cell membranes, is activated by the binding of Na+ and K+ ions on opposite faces of the 
transmembrane molecule; ATP is split on the inside surface. Ion pumping involves coordination between ATP-splitting and ion binding at 
inner and outer surfaces. We have found that these processes are affected differently by electric and magnetic fields. Enzyme activity is 
inhibited by e lectric fields and stimulated bv netic fields, Applied and induced plectric fields normally decrease enzyme activity; 
increases in enzyme activity occur only if the initial activity of the enzyme is greatly reduced by low temperature or by inhibitors. Since 
activity of the enzyme varies with ion concentration, increasing at low Concentration, and decreasing or reaching a plateau at high 
concentration, the effect of an electric field can be explained by increases in binding of activating ions on the enzyme surface. Ion 
activation also accounts for the observed frequency dependence, as well as the difference between optimal frequencies for ion influx and 
efflux. We have now measured the effect of magnetic fields on Na,K-ATPase activity, using a new exposure system (Electric Research & 
Management, Pittsburg) with a frequency range of 1-3000 Hz and a range of magnetic fields from 0-10 Gauss. The magnetic field is 
uniform within 2% in a 5 cm cube volume where the enzyme suspension is exposed and kept at constant temperature with circulated water 
from a thermostat. In the range 0-300 Hz and 0-300 mG, we have found increases in enzyme activity between 5 and 20%, with optima 
around 50 mG and around 60 Hz. The optimal frequency is very close to the measured enzyme rate at 37 OC, and is reduced when the rate 
is reduced by lowering the temperature. A similar correlation has been seen in studies of HL-60 cells, where optimal enhancement of 
transcription occurs at a frequency of 45 Hz, which is in the range of RNA synthesis (bases/sec) rates. Also, protein synthesis in muscle 
varies with the frequency of electrical stimulation. These results suggest that magnetic fields could have a direct effect upon electron 
transfer reactions. Although electric and magnetic fields have opposite effects on enzyme activity, the frequency dependence of the 
changes is similar for the optimal inhibitory electric (5 mV/m) and stimulatory magnetic (50 mG) fields. The optimal frequency for 
enzyme inhibition by electric fields is 100-200 Hz, and the optimal frequency for increased enzyme activity in magnetic fields is around 60 
Hz. The closeness of the two ranges may indicate that the rate limiting process in the enzyme links changes in ion binding to charge 
transfer across the enzyme. Electric fields change cation binding at the surfaces, while magnetic fields coordinate the two surfaces through 
electron shifts. 
References - M Blank. Na,K-ATPase Function in Alternating Electric Fields. FASEB Journal 62434-%38,1992. 
M Blank and L Soo. The Threshold for Alternating Current Inhibition of the Na,K-ATPase. Bioelectromagnetics 13:329-333,1992. 
M Blank and L Soo. Temperature Dependence of Electric Field Effects on the Na,K-ATPase. Bioelectrochem Bioenerg 28:291-299, 
1992 
M Blank and L Soo. The Na,K-ATPase as a Model for Electromagnetic Field Effects on Cells. Bioelecuochem Bioenerg 30:85-92, 1993. 
We thank EPRI for their support. 

Ip-841 

139 



IP-86 I 
PULSED ELECTROMAGNETIC FIELDS (PEMF) INFLUENCE SURVIVAL AND DIFFERENTIATION OF DISSOCIATED 
EMBRYONIC SENSORY NEURONS IN VITRO. SL. Webb*l, B.F. Siskenl and R. Stach*2. lCenter for Biomedical Engineering 
and Dept. of Anatomy and Neurobiology, University of Kentucky, Lexington, KY 40506 USA. 2Dept. Chemistry, University of 
Michigan-Flint, Flint, MI 48502 USA. 

Primary sensory nerve cells differentiate in the presence of nerve growth factor (NGF). This differentiation promotes neuronal survival 
and is expressed as neurite outgrowth. Exposure of primary neurons to electric or electromagnetic fields alone or in the presence of NGF 
has been shown to enhance neurite outgrowth from whole sensory neuron explants ( 1,2,3) or from single neurons (4). The specific aim of 
this report was to determine the influence of pulsed electromagnetic fields (PEMF) on neuronal differentiation in the absence or presence 
of various concennations of NGF. 
Metha :  Nine day chick embryo dorsal root ganglia were dissociated into single cells and plated onto collagen-coated 12 well plates. 
They were fed with DME, fetal calf serum, glutamine and penicillin-streptomycin. Various concentrations of beta nerve growth factor 
(6.4-26.9 ng/cc) were tested on each experimental day. Control (unexposed) plates were placed in the top chamber of a doublechambered 
incubator. Experimental (PEMFexposed) plates were placed between Helmholtz coils in the center of the lower incubator chamber. The 
signal used was a repetitive pulse burst of 5 msec, repeating at 15 Hz, with an amplitude of 10 gauss. Experimental plates were exposed to 
PEMF continuously for 48 hours after which both treated and untreated cultures were fixed. These experiments were repeated six times. 
Data was collected by counting the number of process-bearing cells (neurons with long axonal processes twice the diameter of the cell 
body) in four fields per well. Significance was determined using a two-way ANOVA. 
Resulp: The results of these experiments indicate that few neurons are present in wells without NGF, and PEMF had no effect on this 
neuronal survival. However, PEMF did depress neuronal survival at all NGF concentrations, significantly reducing the number of neurons 
in wells containing NGF at concentrations found to be optimal for control cultures (1 1.8 and 17.2 ng/cc, see Figure). We conclude that 15 
Hz PEMF applied continuously to dissociated dorsal root sensory neurons inhibit the differentiating activity of nerve growth factor. 
Acknowledgemenq: Supported by Contract Number RP2965-20 from the Electric Power Research Institute. 
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I MAGNETlTES AND STATIC MAGNETIC FTELDS 1 
p 5 r j  
PROPERTIES OF H MAN PLATELETS BINDING HEPARIN STABILIZED COLLOIDAL MAGNETITE. J. Plavins*l, J. 
Harris*2 and S. R ~ a t h * ~ .  lLatvian Academy of Sciences, Institute of Physics, Salaspils-1, LV 2169, Lamia. *Southampton University, 
Haematology Department, Southampton General Hospital, Southampton SO9 4XY, U.K. 

Research work is aimed at developing technique for immobilization of polysaccharide-mediated colloidal magnetite particles onto human 
platelets under isoosmotic conditions enabling their potential use as blood component-based magnetic label for various cell fractionation 
schemes. Methods are developed allowing immobilization of colloidal magnetite onto platelets in platelet rich plasma as well as in acid- 
citrate-dextrose media. Special efforts are taken to develop a sequence of handling and processing procedures to avoid activation of 
platelets. Initial magnetic susceptibility of individual magnetite-bound platelets is determined using a single wire magnetophoretic 
trajectory v y s i s  in a background field of 40 mT yielding susceptibility distribution plots. A typical mean magnetic susceptibility value 
of 0.82 x 10- (SI) is obtained using colloidal particle concentration of 1.6 x l0l6/ml and platelet concentration of 1.1 x 1@/m1. Mean 
susceptibility values exceed those characteristic for other blood cell types reported previously and are discussed in reference with 
respective cell surface charge densities. Research work to quantitate the amount of intracellular magnetite based on magnetophoretic 
trajectory analysis as well as on transmission electron microscopy is underway. An aggregation study of magnetite-bound platelets is 
undertaken employing adrenaline as agonist. Aggregation patterns are assessed by help of Celldyn 3000 Hematology Analyzer. Study of 
adrenaline-induced aggregation kinetics of magnetite containing platelets is indicative of a slight increase of aggregational activity (92.4% 
versus 74.4%) if compared with intact platelets in plasma whereas, when colloidal magnetite is immobilized into platelets in ACD media 
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the difference in single platelet count for magnetite-bound and intact platelets is not statistically significant (16.5% and 17.6% 
respectively). Assessment of the granular content of colloidal magnetite-bound human platelets demonstrates that the presence of colloidal 
magnetite does not induce release of intracellular substances. Further studies should allow the determination of labelling potential of 
magnetite-bound human platelets. 
"Sponsored by Prof. Imants Detlavs, Latvian Research institute of Traumatology and Orthopaedics, 12 Duntes 22, Riga LV 1005, Latvia. 

[p-90] 
MAGMETIC RESONAN E IMAGING MICROSCOPY OF MAGNETOCYTES. A. Kobayashi-Kirshvinkl, J.L. Kirschvinkl, P. 
Ghosh2 and R.E. Jacobs2. $Division of Geological & Planetary Sciences, California Institute of Technology, Pasadena, CA 91 125 USA. 
2Biological Imaging Center, Beckman Institute, Califomia Institute of Technology, Pasadena, CA 91 125 USA. 

The discovery of trace amounts of biogenic magnetite in human brain tissues leads to the questions of which tissues make it, and which 
cell types produce it. Using techniques of rock magnetism, we have determined that the amount of magnetite varies by nearly 3 orders of 
magnitude depending upon tissue type. We focused our investigation on one line of human leukemic whi bl cells (the Jurkat strain of 

magnetic than brain tissue. MRI microscopy shows that magnetite is concentrated in only a small fraction of the cells. (Ghosh et al., 
1993). with clean "butterfly" patterns produced as the dipole fiela of the ferromagnetic cluster is superimposed vectorially on the 11.7T 
field of the MFU microscope. Unfortunately, we found that the magnetites from Jurkat cells were a mixture of biogenic and contaminatin 
f e r  ma etic material. By growing cells in magnetically clean media and containers, the magnetic studies showed an average of 1.0~10- 

cleaned sample. Hence MRI microscopy can distinguish between ferromagnetic contamination which is uniformly distributed, and 
biogenic magnetite which is concentrated in specialized cells. At the present MRI resolution (40 pm), only cells containing massive 
numbers of magnetite crystals can be imaged individually. These data suggest that some rare cells are specialized to make large numbers 
of magnetite crystals. These cells are properly termed "Magnetocytes", and can be cellular candidates for the missing link between ELF 
magnetic fields and cancer. 
Reference: 
P Ghosh, R E Jacobs, A Kobayashi-Kirshvink and J L Kirschvink, "NMR Microscopy of Biogenic Magnetite," Abstract of the Twelveth 
Annual Meeting of the Society for Magnetic Resonance Imaging (New York, NY), ~938,1993 

T-lymphocytes), which our initial work suggested had an average remanent magnetic moment of 2.2~10- YY Am /kg, nearly 100 times more 

Am s g "  /kg (20 times less than the initial values). MRI microscopy, however, demonstrates the butterfly patterns are still present in the 
% 

Ip-92j 
EFFECTS OF ELF FIELDS ON BIOLOGICAL MAGNETITE: LIMITATIONS OF PHYSICAL MODELS. C. Polk. Department 
of Electrical Engineering, University of Rhode Island, Kingston, RI 0288 1 USA. 

A recent paper (Adair, 1993) presents an analysis of rotational motion by small magnetic particles ("magnetosomes") which have been 
found in several living systems, including the human brain (Kirschvink et al, 1992). The author concluded "that 60 Hz magnetic fields 
weaker than 5 pT cannot generate significant biological effects at the cell level through action on magnetic elements." However the 
analysis is restricted to one very special case and employs approximations which may not be justifiable for a realistic model of biological 
cell systems. It illustrates very well the difficulties that are encountered when oversimplified physical models of complex biological 
processes are used to make quantitative predictions. The analysis is essentially based on an application of Newton's force law and the 
expression for the torque exerted by a magnetic flux density B on a particle with magnetic moment p., 

where 6 is the angular displacement, I is the moment of inertia of the magnetic dipole or "magnetosome", R is the resistive torque 
coefficient so that BO = B (d6/dt) is the resistive torque, Be is the ambient DC magnetic field and B the peak value of the alternating 
rnagnaic field of radian frequency o = 2x(60). Limitations of the validity of this equation when applied to rotation of a magnetosome 
within the cytoplasm of a cell are discussed. It is shown that numerical results critically depend upon the value of the resistive torque 
coefficient and the uncertainties in selecting an appropriate value are pointed out. Deflection of the magnetic particles due to the applied 
field (0,) are compared with mean rotation (6,) due to Brownian motion. A signal to noise ratio S = (6d6,) is calculated for individua 
particles as well as for N particles that are deflected simultaneously by the magnetic field. That ratio is given approximately by 

I6 = -Re - B&6 + BWOS wt 

-1 12 

From the numerical results it becomes apparent that S for individual magnetosomes with radii between 30 and 300 MI increases with 
increasing size, but that the corresponding ratio (SN) for magnetosomes within a single cell acting in unison reaches an optimum value and 
then decreases with size. This is due to the assumption that the magnetosomes occupy a constant fraction of the cell volume and that their 
number therefore varies inversely as the cube of their radius. As expected e,, S and SN all decrease with decreasing magnitude of the 
applied 60 Hz magnetic field. However SN is still as large as 1.5 when the peak amplitude of the alternating field is only 2 pT, with an 
assumed cytoplasmic viscosity of 0.05 Ns/m2 (50 times that of water) and the number of "spherical" magnetosomes limited to occupy only 
0.025 percent of the total cell volume. These results serve to illustrate that even if the model represented by equ. (1) has some relation to 
physical reality, it will give results that strongly depend upon values selected for quantities such as cytoplasmic viscosity and number of 
magnetosomes per cell, which are not very well known or can vary over a wide range. The numerical results also show that this model 
allows the possibility of detectable effects caused by 60 Hz magnetic flux densities at least as low as 2 pT. The model is useful to the 
extent that it leads to mathematical relations indicating the role of parameters which can be controlled or measured during in vitro 
experiments, such as relative magnitudes and directions of DC and AC magnetic fields, frequency of the AC field and magnetosome size. 
Therefore the model allows testing of some of the assumptions made in its construction. Lacking such tests, it is essential to realize that 
several assumptions severely limit the validity of the basic equation: mutually perpendicular DC and AC magnetic fields, magnetosome 
rotation limited only by viscosity rather than mechanical anchoring, and an isotropic and homogeneous cytoplasm justifying the use of 
Stokes' law to evaluate the resistive torque coefficient. There is also some question whether any realistic model of magnetosome motion 
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inside a cell can be formulated as a linear (rather than non-linear) differential equation. 
References: 
Adair R K (1993): Effects of ELF Magnetic Fields on Biological Magnetite. Bioelectromagnetics 14: 14.  
Kirschvink JL, Kobayashi-Kirschvink, Woodford BJ (1992): Magnetite biomineralization in the human brain. hoc. Natl. Acad. Sci. USA, 
(Biophysics), (86). 7683-7687. 

Ip-941 
FERROMAGNETIC CONTAMINATION IN NUTRIENT MEDIA: A POSSIBLE EXPLANATION FOR EMF BIOEFFECTS 
ON TISSUE CULTURE EXPERIMENTS. A. Kobayashi-Kirshvink and J.L. Kmchvink. Division of Geological & Planetary Sciences, 
California Institute of Technology, Pasadena, CA 91 125 USA. 

An implicit assumption common to virtually all EMF-based research on cells grown in tissue culture is that no ferromagnetic materials are 
present. Colloidal-sized ferromagnetic particles of magnetic minerals (10-500 nm in size) interact strongly with weak magnetic fields, 
easily breaking the thermal energy barrier &T) in fields of about 0.1 mT. This can not happen with diamagnetic or paramagnetic materials. 
Studies using Superconducting Quantum Interference Device (SQUID) moment magnetometers have shown that most laboratory liquids 
contain up to several hundred p b of magnetic contaminants. Normal laboratory distilled water contains an average of 0.2 ppb (which can 
vary daily). The most pure 5ph distilled water in acid-washed contyners reaches less than 20 ppt, which is almost the same as the 
background noise level. Typical cell culture media (eg, Gibco@) is 10 times more magnetic than this background, implying the presence 
of up to IO7 ferromagnetic particles/g. Similarly, ferromagnetic "junk" is present at the ppm level in most plastic. Hence when the 
biological effects of magnetic fields on cells grown in tissue culture are studied, careful precautions about contamination should be taken. 
Ferromagnetic crystals may stick to the surface of cells and trigger a variety of effects, such as opening membrane ion channels. EMF 
effects observed in such experiments may have little implications for cells in vivo. Our recommendations for removing ferromagnetic 
contaminants are as follows: (1) Use only glass containers which have been washed in strong HC1 solutions for 24 hrs (at least). Fe3+ is 
soluble in aerobic medium at pH<-2.7. Some plastics dissolve in strong acids. Be careful to prevent contamination of containers from 
condensation in metal autoclaves by placing them in acid-washed Teflon bags. (2). Centrifuge the liquids at -2OOOG for 15 minutes to 
allow most of the particles to settle out. (3). Place a strong NdFeB magnet at base to prevent contaminants from re-diffusing up into the 
liquid. (4). Decant the clean medium just prior to use. Although SQUID moment magnetometry is the best method to use for detecting 
contaminants, a "control" series of passages can be done to test for contaminants from the containers visually. Do this by taking 50 ml of 
medium through all the lab glassware normally used in all of the passages for growing the cell. Then centrifuge in test tube, and sediments 
at the bottom will move to a strong magnet if there are high levels of ferromagnetic materials in it. 

p q  
EXPOSURE TO STATIC MAGNETIC FIELD INCREASES THE FREQUENCY OF SOMATIC CHROMOSOMAL 
RECOMBINATION. T. KO=* and M. Nakagawa. Magnetobiology Laboratory, Railway Technical Research Institute, Kokubunji, 
Tokyo 185, Japan. 

We tested if the exposure of developing animals to magnetic fields affects the frequency of the exceptional occurrence of chromosomal 
recombination accompanied with mitosis. Wing y t  test usin mwh and & mutations of fruit fly Drosouhila melan r was done in 

young F1 larvae were exposed to static magnetic field of 5T for 24h. When they grew up and emerged from pupal cases, their wings were 
examined under a microscope if they carried & and/or & spots. Large spots containing three or more hairs, which indicate that somatic 
recombination occurred, were found 1.5 times more frequently in exposed group than in control group. Small spots which result from non- 
disjunction or telomere deletion were found in a similar frequency in both groups. Frequency of the spot occurrence in mei-41B 
homozygous or hemizygous indivi&als was 50 times more than that in heterozygous females, but the ratio between exposed and control 
groups was not affected by mei-41, To compare the effect of magnetic field with other carcinogens, flies were also exposed to W light 
from a conventional 15W germicidal lamp. A preliminary result showed that only one minute exposure increased both small and large 
spots drastically. We conclude that static magnetic field increases the chromosomal recombination accompanied with mitosis, but its 
effect is very weak compared with UV light. 

various genetic background. Females of w mei-41 5/FM6 : flr-flM6 5- genotype were crossed to w m e i 4 l W  : m w h w M 6  males, and 

p r j  
BLOCKADE OF ACTION POTENTIALS AND CAPSAICIN RESPONSES OF CULTURED SENSORY NEURONS BY A 
STATIC MAGNETIC FIELD. A.W. Wami12. R.R. Holcomb2 and M J .  McLeanl3. Departments of Neurology, lDeparunent of 
Veterans Affairs and 2Vanderbilt University Medical Centers, Nashville, TN 37212 USA. 

We previously demonstrated reversible block of intracellularly recorded action potentials (AP) of adult mouse dorsal rmt ganglion neurons 
in monolayer dissociated cell culture during exposure to the static magnetic field produced by arrays of four magnets of alternating polarity 
(MAG4A; M c h  et ai., 1991). Here we used intracellular electrophysiological techniques to examine effects of the MAG4A field on 
responses to capsaicin (CAP) by a subtype of cultured sensory neurons. These neurons repetitively fired AP of 2 4  msec duration (at 50% 
repolarization) during 500 msec depolarizations. Experiments were conducted in phosphate buffer at 37 OC (oxygen tension >lo0 Tor). 
AP persisted in calcium-free buffer. Equimolar substitution of choline chloride or sucrose abolished AP firing indicative of sodium- 
dependence, but the AP were not blocked by the fast sodium channel blocker, tetrodotoxin. These action potenti characteristics and 

ejection for 3 sec from a micropipette (-2 pm tip diameter) positioned near the soma resulted in 15-20 mV depolarization lasting 40-60 
set. No response to CAP was obtained in calcium-free buffer, indicative of calcium-dependence. In the same neurons, 90-10096 of 1-2 
nA, 1 msec stimuli at 1 Hz elicited AP. Then, the MAG-4A array was positioned 5 mm below the neuron under study, with the neuron 5 
mm off center, in the steepest portion of the field gradient (0.2 mT/mm). During exposure to the MAG4A field for 2 min, 80% of stimuli 
failed to elicit AP and responses to CAP were abolished. AP returned within 3 min after removal of the array; CAP responses recovered to 
control amplitude more slowly, over 3-5 min. Repeated application of CAP facilitated recovery. Fields of intensity >10 mT with gradients 

insensitivity to "TX resemble the properties of nociceptive neurons in situ. In control conditions, application of 10- f M CAP by pressure 
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~ 0 . 0 1  m T / m  produced by a single magnet or an array of two magnets of alternating polarity had no significant effect on AP or CAP 
responses.. In conclusion, a steep gradient in static magnetic fields appears to be necessary for reversible blockade of sodium- and 
calcium-dependent excitation of sensory neurons in cell culture. 
Supported by a grant from the Holcomb Medical Research Lnstitute to UTM. 

Ip-1001 
STATIC MAGNETIC FIELD INFLUENCE ON THE ACTIVITY OF SOME RESPIRATORY ENZYMES IN WHEAT. T. 
Gemishev*l, K. Tsolova*l, M.S. Markov2. 'Department of Plant Physiology, Biological Faculty, Sofia University. Sofia, Bulgaria. 
*Bioelectrochemistry Laboratory, Department of orthopedics, Mount Sinai Medical Center, New York, NY 10029 USA. 

Most of the published studies on magnetic field action on biological systems have examined reactions in animals, while a smaller number 
of studies have reported magnetic field effects on plants. The effects of static magnetic field on the activity of several key enzymes in the 
plant metabolism as malate dehydrogenase, succinate oxidase, succinate dehydrogenase. and cytochrome oxidase in young wheat seedlings 
have been investigated in this study. Dry seeds of wheat (specie "Charodeika") of equal size and weight were placed into glass containers 
for magnetic field exposure. In preliminary experiments the effects of 6, 12,24,37,45,100, 150 and 200 mT static magnetic field were 
investigated. The results suggest that 45 mT magnetic field initiates the most pronounced changes in the enzyme activity. The exposure 
time was 0.25 - 16 hours. The results show that during the first 15-60 min of the magnetic field exposure the succinate oxidase activity in 
roots increased 94% (at 30 min exposure), followed by a decrease at longer exposure. The malate dehydrogenase activity rose by 87% at a 
60 min exposure. The action of static magnetic field on alternative antimycin A resistant oxidase was lower (17%), but this change is not 
statistically significant. For all enzymes, a minimum of the enzyme activity, was observed during magnetic field exposure for 4-8 hours. 
Surprisingly, another increase in the enzyme activity was found after an 8 hour magnetic field exposure. This effect is more pronounced in 
the succinate oxidase activity, and is a maximum of approximately 117% compared to the control. The activity remains higher than the 
control value following exposure in magnetic field (up to 16 hours). It is well accepted in the enzymology that most enzymes tend to react 
in a very short time interval after a stress agent is applied. The magnetic field exposure resulted in a significant stimulation of malate 
dehydrogenase activity: a very pronounced maximum at 1 hour exposure in a magnetic field of 45 mT and relative minimum at 8 hours. 
An increase in malate dehydrogenase activity was observed when the exposure was extended to 16 hours. In roots malate dehydrogenase 
activity reached the value of 47% of the control value after an 4 hour exposure, while the minimum in the curve of hypocotylles was 120% 
of control (at 8 hour exposure). 
Based on the theory of chemical polarization, one could propose that the applied magnetic field influences the rate and the direction of 
chemical reactions. These reactions appear to occur via interactions between two paramagnetic particles which can be in different 
electron-spin states. The applied magnetic field may also initiate transitions between singlet and triplet states of participating radicals. It 
was already shown by us that a static magnetic field in the range of 5-350 mT significantly changes the quantum yield in chemiluminescent 
reactions studied in wheat roots. The observed changes in the chemiluminescence clearly indicate the ability of a static magnetic field to 
affect the spatial location of respiratory ensembles and the quaternary structure of these enzymes. A direct effect of the magnetic field on 
mitochondrial membranes, such as redistribution of membrane constituents and particularly phospholipid molecules should not be 
excluded. This redistribution may result in conformational changes in the enzyme molecules which could affect enzyme activity. It 
appears that the observed changes in enzyme activity could be considered to be a result of the influence of the magnetic field on the 
reactivity of these enzymes, including effects on metal cations which regulate enzyme activity. The results support the idea of the 
existence of "biological windows", particularly in respect of exposure time. 

Ip-1021 
THE PARTING OF WATER BY MAGNETIC FIELDS AND SAFETY IMPLICATIONS. S. Ueno and M. Iwasaka Biomagnetics 
and Biosystems Laboratory, Department of Computer Science and Communication Engineering, Kyushu University, Fukuoka 8 12, Japan. 

It is an interesting problem whether or not magnetic fields have any influence on diamagnetic body fluids. We observed the phenomenon 
that water was parted by a magnetic field at 8 This paper focuses on the possible safety implications of intense magnetic fields 
associated with this water-parting phenomenon. We used a horizontal type of superconducting magnet with a bore 100 mm in diameter 
and 700 mm long. When the magnet produced 8 T at its center, the maximum product of the magnetic field and the gradient was 400 T2/m 
at z = &75 mm, where the z-axis was directed to the bore axis. A water chamber, 50 mm wide, 23 mm high, and 700 mm long was filled 
50% with distilled water, which is a diamagnetic material. The water chamber was inserted into the bore of the magnet. We observed the 
phenomenon that the surface of the water was pushed back by magnetic fields of higher gradients. Two "frozen" cascades were formed at 
z = & 50 - 80 mm; the surface of the water near the Center of the magnet was parted, and the bottom of the water chamber appeared. The 
water level at both ends of the chamber was lifted up. These results indicate that when a living body is exposed to magnetic fields of 100 - 
500 T2/m order, diamagnetic liquids such as water in tissues are affected by magnetic forces. Let us estimate the magnetic force acting on 
water in a living body. Most materials in living bodies are diamagnetic materials. The magnetic susceptibility of water is -12.97 cgsl 
per mol at 20 "C. The magnetic susceptibility of the other diamagnetic materials in living bodies can be estimated as an order of cgs 
per mol. If we consider a cylindrical volume 400 mm in diameter and 1 m long as a model of the human body, the magnetic force acting 
on the total volume is estimated as 102 [N] order in a ma etic field at 5 T and 80 T/m. It may be possible for the human body to be 

Reference 
1. S. Ueno and M. Iwasaka, Abstract of 38th Annual Conference of MMM, Minneapolis, Minn., November, 1993. 
2. S. Ueno and M. Iwasaka, J. Appl. Phys., April, 1994 (in press) 

affected by gradient magnetic fields when B*dB/dz > 100 T !? /m. 
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Ip-1041 
EFFECT OF STATIC MAGNETIC FIELD ON THE PROLIFERATION OF MONOCYTIC LEUKEMIC0 CELL LION 
(U937). Z. Xiaoyunl, Z. Ruifa2, S. Denyun2 and W. Jinmei2. lLife Science Lab., Shenzhen University, Shenzhen 518060. 21nstitute of 
Hematonosis, Shenzhen Red Cross Hospital, Shenzhen, P.R. China. 

Cells of a human monocytic leukemic0 cell line (U937) have been used in this experiment. We have studied how the several static 
magnetic field (Sm with different strength from 500-8000 Gs affect the proliferation of U937 cells. 
A SMF exposure system was built by cultivating U937 cells in suspension cultures under six different strength SMF respectively. And a 
control group with no SMF exposure was established during the corresponding period. By means of MIT, the proliferation of U937 cells 
in both exposure and control groups was observed comparitively after 72 hours. 
The results show that SMF suppresses the proliferation of U937 cells significantly, and further more there exists a remarkable linear 
relationship between the decrease rate of the proliferation of U937 cells and strength of SMF in the field strength we studied (500-800 Gs) 
Further research of different SMF influencing the defferetiation of human hemopoietic stemcells is being carried on. 

Ip-1061 
MAGNETIC ORIENTATION OF RED BLOOD CELLS AND GHOSTS. T. Suda' and S. Ueno2. lKagoshima National College of 
Technology, Ah-gun Kagoshima, Japan. 2Department of Electronics, Faculty of Engineering, Kyushu University, Fukuoka 812, Japan. 

It is important to h o w  whether or not static magnetic fields affect on biological systems. It has been reported that some of biological 
materials such as fibrin and red blood cells (RBCs) orient to the direction of strong magnetic fields. The magnetic orientation of RBCs is 
especially interested because they contain hemoglobin with paramagnetism and can move freely in one's body. In the present study, two 
kinds of experiments were demonstrated to clarify the contribution of cell membrane to magnetic orientation. Fist, optical transmission of 
suspension containing RBCs was investigated. Second, behaviors of RBCs and ghosts in strong magnetic fields are compared by 
measuring electric resistivities of buffer solutions suspended RBCs or ghosts. 
RBCs (hematocrit 100%) were obtained by centrifuging a mixture of blood and phosphate buffer solution (PBS). The blood was sampled 
from a normal adult human. RBCs were hemolized in 5 mM phosphate buffer solution (5P8) and the solution was centrifuged at 15000 
r.p.m. to obtain ghosts. The dependence of optical transmission of suspension containing RBCs on magnetic fields was measured. An 
optical cell containing suspension of RBCs (hematocrit 0.025%) was put in a superconducting magnet. A light beam of HeNe laser was 
transmitted to the cell parallel to the applied magnetic fields, and the power of the light through the cell was measured by optical power 
meter. Resistivities of buffer solutions suspended RBCs or ghosts were measured using a cell with two platinum black electrodes. AC 
electric field (40 to 100 kHz) applied across the electrodes and the resistance measured by LCR meter when magnetic fields applied 
parallel and normal to the electric field. RBCs suspend in PBS and ghosts in 5P8. 
The optical intensity through the suspension is increased as magnetic fields. The result shows that discoid RBC orients to the direction of 
magnetic field. The effects of magnetic fields on the RBCs and ghosts were observed. When the samples were exposed to magnetic fields 
parallel to the electric field, the resistivity of the buffer solutions decreased. In contrast, when the samples were exposed to magnetic fields 
perpendicular to the electric field, the resistivity increased. The results suggest that both RBCs and ghosts were oriented by the 8 T 
magnetic field. The results indicate that both ghosts and RBCs arrange to magnetic fields. Because RBC and ghost have high electric 
resistance and discoid shape, the resistivity changes of suspensions depend on the orientation of RBCs and ghosts. It is concluded that an 
anisotropy of diamagnetic susceptibility of cell membrane contributes to magnetic orientation of RBCs. 

I IN VIVO EXPERIMENTS I 
(p-1081 
EFJ?ECTS ON THE BLOOD-BRAIN BARRIER BY EXPOSURE TO CONTINUOUS WAVE AND MODULATED 915 MHZ 
ELECTROMAGNETIC FIELDS. R.B.R. Perssonl, A. B m 2  and L.G. Salford3. Departments of IRadiation Physics, 2Neuropathology 
and 3Neurosurgery, Lund University, SZ2185 Lund, Sweden. 

Biological effects of electromagnetic fields (Em on the blood-brain barrier (BBB) have been studied in a very sensitive model of 
autogen albumin leakage. 
We exposed male and female Fischer 344 rats in a Transverse Electromagnetic Transmission line chamber to microwaves of 915 MHz as 
continuous wave (CW) and pulse-modulated with repetition rates of 217 and 8.33 s-l respectively or 50 s-l. The specific energy 
absorption rate (SAR) varied between 0.01 and 3.3 Wkg. The rats were not anaesthetized during the exposure. All animals were 
sacrificed by perfusion-fixation of the brains under chloralhydrate anaesthesia about 1 hour after the exposure. The brains were perfused 
with saline for 3-4 minutes, and thereafter fixed with 4% formaldehyde for 5-6 minutes. Central coronal sections of the brains were 
dehydrated and embedded in paraffm and sectioned at 5 pm. Albumin and fibrinoigen were demonstrated immunohistochemically. The 
immunohistochemical method is much superior to methods that use the detection of radioactive tracers in the brain, as these methods only 
measure tracer "space" in the brain and therefore only indirectly BBB permeability. Further these methods require injection of tracers and 
anaesthesia during exposure. The results show albumin leakage in 13% of all the controls and in the animals exposed to modulated 915 
MHZ EM-fields 3496, 38% and 34% at modulation frequencies 217 Hz, 8.33 Hz and 50 Hz respectively. Continuous wave exposure 
resulted in 50% positive findings of leakage which differs significantly from the controls. The albumin leakage in the exposed animals are 
all highly signiftcant different from the controls @<0.001, Chi-square test). This reveals that both CW and pulsed 915 M H z  microwaves 
have the potential to open up the BBB for albumin passage. The effect of modulated microwaves upon the BBB seems to be slightly lower 
than that of CW, but there is no significant difference. We assume that the extravasations which occurs at SAR levels below 0.1 W/kg are 
induced, at least partly, by a non-thermic type of interaction with the electromagnetic field. Whether the higher frequency of xtravasate 
findings previously found for SAR >2.5 W/kg as suggested by others demands supplemental studies on dose-response relationships. 
Questions about the lower exposure limit for non-thermal opening of the blood-brain banier, the effects of long term exposure and whether 
the opening of the blood-brain barrier constitutes a health hazard demand further investigations as well. 
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rp-l loj 
THE EFFl3CT OF SHORT TERM EXPOSURE TO 2-HERTZ P E W  ON NERVE RECOVERY AFTER TRANSECTION AND 
REPAIR PRELIMINARY RESULTS. J. Walker*lV2, B. H~ninnen*~, P. Resig2, S. Fisher9 and B.F. Sisken2s4. lDivision of 
orthopaedic Surgery, 2Center for Biomedical Engineering, 3Department of Rehabilitation Medicine, 4Deparunent of Anatomy and 
Neurobiology, University of Kentucky, Lexington, KY 40536 USA. 

In vivo, pulsed electromagnetic fields (PEWS) have been demonstrated to accelerate axonal regeneration rate by 22% after crush lesion as 
measured by a pinch test (Sisken et ul, 1989). Recently, PEMFs have been shown to improve return of motor function after peripheral 
nerve crush injury (Walker et al, 1993). The hypothesis of this current study was that P E W S  also improved nerve regeneration in a 
transection injury. To investigate this hypothesis, sharp transection of the right sciatic nerve using microscissors was performed in 12 adult 
male Sprague-Dawley rats. The nerve was immediately repaired using 10-0 nylon epineurial sutures. All rats were restrained for 4 hours 
per day on post injury days 1-5. During the restraint period on days 1-5, the six experimental animals were placed between paired 
Helmholtz coils and exposed to a pulsed electromagnetic field (2 Hertz, 0.3 mTesla, square wave with 20 msec pulse duration, Bietic 
Research N J). Six sham animals were placed between dummy coils. Throughout the 18 week recovery period, nerve function was 
assessed by saturating the rat's hindfeet in non-toxic ink and having them walk through a walkway making footprints on the underlying 
paper. These footprints were measured using a digitizing tablet (Kontron Image Processing System and IPS X software) and a sciatic 
function index (Sm) calculated as described by Bain et al, 1989. At the end of the experiment, in vivo electrophysiological studies were 
performed using 28 gauge monopolar Teflon coated needle electrodes (TECA Corp., Pleasantville NY) for both stimulating and recording 
purposes. Both sciatic nerves were exposed and the stimulating electrode placed on the nerve (proximal to the repair on injured nerves) at 
the piriformis tendon with the anode placed in nearby muscle. Square wave stimulus pulses of 0.1 msec duration were delivered and 
compound muscle action potentials (CMAP's) measured by an active recording electrode placed subcutaneously on the plantar surface of 
the foot, with the reference electrode in the soft tissue of the lateral toe and a ground electrode in the tail. CMAP is a measure of the 
number of activated muscle fibers and indirectly reflects the number of functioning axons which have regenerated past the transection to 
muscle target organs in this model. All CMWs were obtained by supramaximal nerve stimulation recorded by a TECA Sapphire. Five 
supramaximal CMAP's were recorded and the best response selected for measurement of both amplitude and area. A ratio of these best 
CMAP's responses on both injured and uninjured sides of the same animal was calculated to normalize the data. The SFI data was 
analyzed by a 2 factor (treatment and recovery day) ANOVA with repeated measures on recovery day. No significant effect of PEMF 
treatment on SFI recovery could be detected ( ~ 0 . 4 2 ) .  However, PEMF treatment produced a 22% improvement in return of CMAP 
amplitude (p=O.21, t test, see Figure 1). There was no effect on recovery of the CMAP area (~0.66). These preliminary data demonstrate 
a trend toward improved return of CMAP amplitude after nerve transection and repair with short term (5 day) P E W  exposure as a 
measure of increased nerve regeneration. This 22% increase due to PEMF, though not statistically significant, is comparable in magnitude 
to the increase in axonal regeneration rate seen in previous studies in the crush injury model. 
This research was supported by the orthopaedic Research and Education Foundation and NIH NS 29621-02. 

FIGURE 1 : CMAP-Amplitude 
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FIGURE 1: CMAP-Amplitude 

m O M A G N E T I C  (EM) EFFECT ON ORIENTATION OF EARLY CHICK EMBRYOS. L. Chacon*, A. Ubeda, M.A. 
Trillo, M.A. Martinez* and J. Leal. Hospital Ramon y Cajal, Dept. Investigacion, 28034 Madrid, Spain. 

The aim of the present work was to study the possible effects of the EM exposure on the morphology of chick embryos and their 
orientation in the egg. The study was performed on 185 White Rock embryos over a total of 13 experiments. Fifty nine of the embryos 
exposed to a combination of Magnetic Fields (MFs) tuned for sodium cyclotron resonance conditions (treatment A), 61 embryos exposed 
to MFs tuned for calcium ions (treatment B) and 65 shamexposed embryos. All the eggs were exposed andor incubated in a horizontal 
position, with their narrow end pointing geomagnetic west for their first 48 hours of development. The AC MF was horizontal, N-S 
oriented sinusoidal of 14 Hz (treatment A) or 16 Hz (treatment B), with a 20.9 pTp amplitude and a DC MF horizontal, N-S oriented of 
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20.9 pT. After the 48 hours the embryos were examined for their orientation in the egg. Those directed towards one of the four cardinal 
points were classified as north (N), south (S), east (E) or west (W). The deviations from these directions were recorded as NE, NW, SE or 
SW (accuracy of the determination of approximately *7 degrees). The embryos were then taken out of the eggs and their morphology 
double blind described as normal or not normal. The A treatment provoked twice not normal organisms (p0.102) and the B an 1.7 
increase (p.10.275). The similarity of the responses to the two treatments allows to group the embryos, in order to study the possible effect 
of the exposure on their orientation. The study was performed on 110 exposed embryos and 55 shamexposed. The results show an 
increase of exposed embryos directed towards SW respect to shamexposed (32.7% vs. 14.5%; ~ 0 . 0 4 5 )  and a decrease of those directed 
SE (20.0% vs. 45.5%; p=O.OOl). Therefore, the exposition has slightly increased, even though not si@icantly, the proportion of the not 
normal embryos and also changed the orientation of the embryos. The mechanisms could involve the electrical currents living the 
primitive streak of the organisms. F e  statistical test used was the chi-square test, (two-tails)]. 
Supported by Fond0 de Investigacion Sanitaria: FIS # 921425 

rp-1141 
THE STATE OF ENZYME SYSTEMS FUNCTIONAL ACTIVITY AFFECTED BY A MODIFIED IMPACT OF EMF. L.A. 
Tomashevskaya. Ukrainian Scientific Hygienic Centre, Ulaaine Ministry of Health, 253660, Kiev-94, Ukraine. 

Some features of adaptation process shifts as a result of electromagnetic field effect were studied by the way of enzymatic methods 
permitting to determine the possible mechanism of organism biochemical transformations. The experiments were perf rmed on 

following load in 500 mkWt/cm2 after 30 days of a recovery period. The enzyme system state was studied according some signs of 
lactatedehydrogenase, succinatedehydrogenase, cholinesterase, alkaline phospho, riboso-phosphatitasomerase in blood serum, ATP-ase, 
glucoso-6-phosphatdehydrogenase in the liver and brain mitochondrions of rats. The assessment of results obtained was carried out in 
comparison with an intact animal group chosen as a control According to the obtained results the effect of EMF with EFD equal to 15 and 
30 mkWt/cm2 at lodays exposure on the tested indices was determined. At the functional load effect in the post-recovery period in these 
animal groups there were observed some enzyme activity changes similar to the intact animal group at the same kind of load. At the 
animal groups exposed to EMF with E l 3  equal to 50 mkWt/cm2 during 10 days and 15+30+50 mkWt/cm2 sequential each 10 days during 
1 month some reliable changes were obtained for the following: lactatedehydrogenase, succinatedehydrogenase in blood serum, ATP-ase 
in the mitochondrions and glucoso-6-phosphatdeydrogenase in glamoplasm. Following the recovery period the identifed disorders were 
normalized. The functional load showed some similar-directed changes in these animal groups in comparison with the control At the 
animal groups previously adapted during the month-period to the effect of EMF with EFD 15+30+50 mkWt/cm2 the rate of obtained 
results effectiveness was 50% lower in comparison with the control Such kind of expressiveness corresponds to the responses of an 
organism being adapted to the factor affecting in some extent. This fact permits to make a supposition about the presence of an adaptive 
mechanism in an organism to the low-intensive EMF effect. 

experimental white rats exposed 7 h per day during 10 days to EMF with energy-flux density equal to 15,30,50 mkWt/cm 2 with the 

Ip-1161 
CHARACTER OF EXPERIMENTAL ANIMALS ORGANISM OXIDATIVE PROCESSES AS A RESULT OF 50 HZ EMF AND 
IONIZING RADIATION EFFECT. L.A. Tomashevskaya and Y.D. Dumansky. Ukrainian Scientific Hygienic Centre, Ukraine 
Ministry of Health, 253660 Ukraine. 

The combined effect of cesium-137 and 50 Hz electromagnetic field at a chronic experiment has been studied. As testing subjects some 
unbred matured white rats-females were chosen; they were during 3-mOnth period daily were intragasnically administrated by the way of 
metallic tube with cesium-137 chlorid and exposed by 50 Hz EMF. The factors affecting was performed in the following combination: 

of molonic dialdenyde in liver mitochondrions) and antioxidative systems (according the activity of blood serum cytochromoxidase and 
ceruloplasmin). The decrease of liver mitochondrial and brain cytochromoxidase activity decrease was identifed. On the background of 
respiratory chain oxidation inhibition the lipids peoxidization increase appeared manifested in the increased concentration of liver 
mitochondrial MDH. Simultaneous ceruloplasmin activity increase was an evidence of antioxidative systems inclusion as protective 
mechanisms from oxidation. Thus, the experiments performed identified a non-specific oxidative reaction of organism oxidative processes 
as a response to cesium-I37 and 50 Hz EMF combined effect. 

cesium-137 dose was equal to 1,74 10- 5 kBq/Kg per body weight. Every day the tests of lipids peroxidization (according the concentration 

Ip-1181 
HUMAN HEART-RATE VARIABILITY AND 50 HZ MAGNETIC FIELDS. A. Wood, H. S&i* and P. Cadusch*. Department of 
Physics, Swinburne University of Technology, Hawthorn, Vic 3122, Australia. 

AIM: The purpose of this analysis is to examine the effects of 50 Hz magnetic fields on the natural rhythmic variations in heart rate. 
METHOD: The basic pilot experiment has been described in a previous poster (Sadaft & Wood, DOE Contractors' Review, 1993). 
Subjects were exposed or sham-exposed to 20 pT circularly polarised 50 Hz magnetic fields via orthogonal 2.06 m Memtt coils. 
Following a 10 min settling-in period, the experimental period consisted of either 150 sec OFF (shamexposure) followed by 150 sec ON 
(exposure) or vice versa. The interval between each heart beat (RR interval) was determined from the ECG trace and then the 
instantaneous RR interval at 0.5 sec increments in time determined using an interpolation algorithm. This time-course was then segmented 
into 256 points during the OFF period and 256 points during the ON period. Fourier spectra were then obtained for each of these periods. 
Spectra from several subjects were then averaged and features compared as below. 
RESULTS: We have previously described a transient slowing of heart rate (increase of RR interval) occurring 10 sec or so after switching 
OFF to ON and persisting for around 60 sec. An opposite effect was noted for ON to OFF switching. Non-linearities in the control of 
body temperature, blood pressure and respiration are expected to produce detectable spectral Components in the region of 0.05,O.l and 
0.25 Hz respectively (Kitney & Rompdman: The Beat-by-beat Investigation of Cardiac Function: Oxford, 1987). Spectra were obtained 
for 9 subjects in the OFF to ON switching direction and 5 subjects in the ON to OFF direction. Most showed components in these 
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expected regions, but with a large inter-subject variation both in total spectral power and in the strength of individual components. For 
both directions of switching the spectral power was (non-significantly) greater in the ON period. 
DISCUSSION Examination of the averaged spectra showed large differences in spectral power between the ON and OFF periods in the 
region from 0.063 to 0.133 Hz. The ON/OFF ratios for this region are probably significantly different from unity (P=0.03), but the log- 
transformed ratios are not significantly different from zero. The averaged spectra are strongly influenced by a small number of subjects 
with a large spectral power. The results of this exploratory analysis do not point unequivocally to an effect of 50 Hz magnetic fields on 
physiological control mechanisms of heart rate. 

IP-120) 
SHORT-WAVE EFFECTS ON EXPERIMENTAL EDEMA, INFLAMMATION AND CORTISONE RELEASE. R. de S e d ,  P. 
M a l z a ~ * ~  and J. Chie~a*~.  Service de Bioph sique Medicale, CHU-5, BP 26-30006 Nimes, France. *Laboratoire de Biophysique, 
Institut de Biologie, 34060 Montpellier, France. %aboratoire de Cytologie, Faculte de Medecine, CHU, 30900 Nimes, France. 

Short-waves have been used for a long time in rehabilitation. Thermal effects are quite well understood: they cause an increase in blood 
flow, improve tissue oxygenation, relax conaacted muscles, decrease nerve excitability and in this way produce pain relief. Some other 
biological effects have been described which are not as well understood. especially those produced by pulsed short-waves. These effects 
are anti-edematous (Nadasdi, 1960), cortisone release enhancement and anti-inflammatory action. As these experiments are quite old and 
have not been confirmed, we attempted to replicate two of them and performed a new one. Short-waves, at a frequency of 27.12 MHz, 
were inductively produced by a coil, amplitude-modulated at 400 Hz or 800 Hz, with a train duration of 63 p. Peak-power was held 
constant at 1200 W, mean-power depended on the chosen frequency; pulse train waveshape was rectangular. 1) Carrageenan was injected 
S.C. into the hind foot pad of twelve rats; six of them were exposed to short-waves at 400 Hz, six were sham-exposed. Edema was 
appreciated by measurement of paw thickness with an accurate angular compass (ODITEST). No difference was observed between 
exposed and sham-exposed animals. 2) We exposed 10 rabbits at 800 Hz on the lumbar zone, below which adrenals are located. Although 
no significant difference was found between the means of the two groups, some exposed animals showed much higher values than sham- 
exposed ones. It looks as if some animals were more sensitive than others to these fields. 3) Mter i.p. injection of Freund Complete 
Adjuvant in 20 mice, we exposed ten of them at 400 Hz 2 hours later or at 800 Hz 5 hours latec we counted peritoneal cells after sacrifice 
30 minutes after the end of the exposure. A 40% difference at 800 Hz was non significant because of a large scatter of the data. In 
conclusion, these results do not confim anti-oedematous effect of pulsed short-waves, but there is a positive trend for cortisone release 
stimulation and anti-inflammatory effect which needs further experiments to be performed with more numerous animals. They will help 
better understand interaction mechanisms occurring in therapeutic use of pulsed short-waves. 
Nadasdi M (1960) Inhibition of experimental arthritis by athermic pulsating short-waves in rats. Am J Orthop 2,105-107 

(p-1221 
THE ROLE OF "WINDOW" FREQUENCIES, TIME EXPOSER OF EMF (30-60 HZ), GENERATED BY "INFITA" DEVICE 
IN HYPERTONIC, ALLERGIC PATIENTS. G. Markarovl, I. Markaroval and Z. Shulman2. 'Clinical Hap.  83, Moscow 115598. 
Russia. 2Rumbum-Intemationa1 Institute of Medicine, Israel, Jerusalem. 

In our earlier double-blind, placebo controlled studies we had found, that each patient had himself resonance individual EMF frequency 
therapy, the certain form impuls in space, time, power, the duration of exposure /l,2,3,4,5J. The aim of the research was to confirm a part 
of our hypothesis, discuss the role and dependence of hypertonics and Allergic patients on EMF frequencies, time exposure, optimize the 
EMF therapy in these patients. 121 hypertonics were examined, 31 from them had suffered from allergical phenomenons/psoriasis, rash, 
eczema on arm, itch/. All patients received the identical sedative drugs/D/.Main group 65 pts received/D/+EMF. Control gr.lDlpts/- D+ 
EMF-placebo. Contr. gr,2/25pts/- D.EIWF presented quazistationary electric field in the treated zone/head/-30-60 Hz, l-2mv/cm. Time 
exposureD0-360secl frequency we choosed to each individual patient. The correction of dosage, frequency was based on EEG indices/A- 
,B-,T-rhytmus, their coherence, modulate/, distribution the brain constant potential. 
The research had shown that the headache in the temporal area had arrested on the 52-57 Hz and of nape area -40 Hz. Allergic symptom- 
30-40 Hz was noted the good tolerance to magnetic storm in hypertonics in Main group. The treatment effectiveness in Main gr. was 92%; 
Control gr.1 - 51%; Control gr.2 - 28%. 
Thus the investigation confrm the role "window" frequency EMF in the hypertonic and allergic patients treatment and give the possibility 
to discuss the dependence of bioeffects on individual dosage of EMF. 
Reference: 
1. G. Markarov, 1991, XXth Congr. Int. Thalassother. German. Borkum p 87. 
2. G. Markarov, 1991, Int. Symp. MM Non Ther. EMF in Med. Moscow p. 181-184,244-248. 
3. G. Markarov, 1992, Vth Int. Congr. Rehab. in Psychiatr. Israel, Jerusalem p.26 
4. G. Markarov, 1992, VIth Int. Sem. Treatment of Rheum. Diseas. Israel. abst. p. A48 
5. G. Markarov, 1993,24th General Assemb. of URSI Prov. Scient. Progr, Japan p.68. 

(p-124-j 
ENDOCRINE EFFECTS OF ALTERNATING MAGNETIC FIELDS 50 HZ. M.A. Navakatikyan*, V. Artiuch*, L. Andreychuk* 
and A. Sliusarenko*. Ukrainian Scientific Hygienic Center, Kiev-94,253660 Ukraine. 

Usually endocrinological studies are discussed in connection with electromagnetic fields ability to induce stress reaction. Most attention is 
paid to corticosterone, ACTH, growth hormone, and thyroid gland hormones. We have previously found regular changes in testosterone 
and insulin blood levels when rats are exposed to microwaves. In this study inbred white male rats aged 3-6 months (170-3508) were 
exposed to sinusoidal 50-Hz magnetic fields utilising a solenoid exposure system. Field strengths varied from 0.01 to 0.25 mT. Animals 
were exposed in groups of 10 to 12 each. Groups were maintained for single ( S  to 24h) and repeated exposures (1 1 days, 23 h/day). The 
blood serum hormone levels were assessed by a radioimmunological method using a "Gamma-12'' device and a sets of chemicals, "RIA- 
TESTOSTERONE-PR, "rio-INS-E1251 1" (Institute by Bioorganic Chemistry Byelorussia Acad. Sci., Minsk, Republic Byelorussia). 
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Experiments were performed blind. The results are summarized below and indicate a dose response at any time periods. The data 
compares sham and exposed animals. Rats were sacrificed at night (0O:Ol - 03:30). The initial increase of testosterone level could suggest 
an alarm stress stage, and following decrease in testosterone and insulin levels could suggest the resistance stage of stress. Note that no 
increase in testosterone secretion was observed following microwave exposure 

(p-1261 
ORGANISM FUNCTIONAL STATE OF STUFF SERVICING HIGH-VOLTAGE TRANSFORMATOR STATIONS. A.M. 
Serdyuk and N.G. Nikitina. Ukrainian Scientific Hygienic Centre, Ukraine Ministry of Health, 253660, Kiev-94, Ukraine. 

50 Hz electromagnetic field effect /a magnetic part is 65- 110 mkTl: an electric one - is 2-6 kV/m/ on persons servicing the high-voltage 
transformator stations at the period of 10 and even more years has been studied. The following experimental methods were used, 
physiological /operative memory, mental workiig efficiency/, clinical ones /electrocardiography, registrating the systolic, diastolic and 
pulsed blood pressure at the rest state and following the physical load/, biochemical /adrenaline and noradrenaline excretion/, genetical 
frequency of fetus intrauterine death considering the number of spontaneous abortuses and dead-born/, as well as a questionnaire aimed at 
women and men sexual function testing. The experimental data showed the cardiovascular system and circulatory apparatus adaptative 
possibilities decreasing, the change of interatrial and intraventricular conductivity time characteristics; a tendency to the sympatoadrenal 
system hormonal chain depression with preserving the balance between the hormonal and mediatory chains. men sexual function decrease; 
women reliable increase of intrauterine fetus death among those persons who work at the station as well as women whose husbands work 
at the stations. 
The above listed changes of organism functional state are in the direct dependence on the electromagnetic field level and service length at 
the station. Thus, the electromagnetic field of 50 Hz is a injurious factor of an organism life supplying systems. 

Ip-1281 
BIOLOGIC EFFECTS OF 50 HZ MAGNETIC FJELDS. N.G. Nikitina. Ukrainian Scientific Hygienic Centre, Ulaaine Minismy of 
Health, 253660, Kiev-94, Ukraine. 

The research aim is to study some bioeffects of 50 Hz magnetic fields in order of consequent setting the hygienic standards of a magnetic 
field produced by AC power transmission lines in the environment. 
In the aim of the factor simulating in laboratory conditions a special irradiating complex has been developed, that permits to approximate a 
model to the environmental factor parameters; occupied frequencies range - 50 Hz, polarization is a linear one, a modulating form is a 
sinusoidal signal, an affecting magnetic field is of quasi-stationary-type, the factor unregularity /considering the field intensity/ at the place 
of a cage with animals placing - not exceeding 20%. The exposure was pedormed by the magnetic field of 10.50, and 250 WT intensity, 
during 4 months, 16h per day. As experimental animals some white unbred rats were chosen. 
At the work process some physiological, immunological, biological, reproductive and genetical tests were performed. The peculiarities of 
the organism responses were determined in 50 Hz magnetic field exposure conditions; they were characterized by the experimental animals 
functional brain activity reduction, generative function indices inhibition; enzymatic activity depression as well as simpato-adrenal system 
activity inhibition, homeostatic balance regulation disorders as well. 

I BIOLOGICAL EFFECTS OF MICROWAVES I 
~ ~ ~ ~ ~~~ ~ ~ 

MONKEY AUDITORY THRESHOLDS DURING EXPOSURE TO HIGH-PEAK-POWER 5.6 GHZ MICROWAVE 
PULSES. J.A. D’Andreal, DJ. Hatcher1, A. Thomas1 and T.L. DeVietti2. lNaval Aerospace Medical Research Laboratory, Pensacola, 
FL 32508-1056 USA. kentral Washington University, Ellensburg, WA 98926 USA. 

The auditory hearing effect was used to investigate the effects of high-peak-power microwave pulses, Four male rhesus monkeys (Macaca 
mulattu) were trained on a behavioral tracking procedure to establish sound-pressure hearing thresholds. The tracking task required 
monkeys to press one plastic lever reinforced on a variable intetval schedule (VI-20s) to produce an auditory stimulus (sinusoidal tone) and 
then respond on a second lever to obtain food. Eleven different tonal frequencies were tested to establish the monkey audiogram. Six 
tones were tested in l-octave steps between 500 Hz and 16 kHz as well as tones at 20.22,24,26, and 32 kHz. Using a titration procedure, 
various sound pressure levels (SPL) of the eleven tones were presented to determine hearing thresholds. The monkeys were then exposed 
to microwave pulses (100 pps, 2.8-ps pulse duration) produced by a military radar (ANFPS-26B) either alone or pulse-enhanced with a 
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Stanford Linear Energ Doubler (SLED, I"-2972). Microwave exposures were delivered in an anechoic chamber at average power 

The high-peak-power pulses enhanced by the SLED did not mask hearing thresholds differently than the ram pulse. 

densities f 14 mW/cm 3 or 28 mW/cm2 which produced whole-body SARs of 1 W/kg and 2 Whg. Peak-field-power densities varied from 
28 W/cm 2 to 518 W/cm2. Sound-pressure hearing thresholds at 22 and 24 kHz were effectively masked by the radar and SLED pulses. 

IP-nzI 
CARDIOVASCULAR AND THERMAL EFFECTS OF RADIOFREQUENCY IRRADIATION AT 1 GHZ, 10 GHZ AND 
COMBINED 1 AND 10 GHZ IN ANESTHETIZED RATS. M.R. Frei, K.L. Ryan and J.R. Jawhem*. Department of Biology, Trinity 
University, San Antonio, TX 78212 USA and Biological Effects Branch, Radiofrequency Radiation Division, U.S. Air Force Armstrong 
Laboratory, Brooks Air Force Base, TX 78235-5324 USA. 

The purpose of this study was to compare the effects of single frequency vs. dual frequency radiofrequency radiation (RFR) exposure on 
patterns of heat distribution, cardiovascular changes, and survival time in the ketamine-anesthetized rat model. Sprague-Dawley rats, 
weighing between 326 and 374 g (meanBEM, 356i3 g), were exposed individually to either 1-GHz (n=lO), 1O-GHz (n=lO) or combined 
1- and 1 W H z  (n=7) RFR at equivalent whole-body SARs of 12 W/kg. The continuous-wave irradiation was conducted under far-field 
conditions with animals in the E orientation (left lateral exposure, long axis parallel to the electric field). Irradiation commenced when 
colonic temperature equaled 37.5 "C and continued until lethal temperatures were attained. During experimentation, arterial blood 
pressure and ECG, as well as colonic (Td, tympanic (Tt), left and right subcutaneous (Tsl and Tsr) and rail fld temperatures were 
continuously recorded. The survival time (time from T, = 37.5 "C until death) was significantly less (ANOVA with Tukey honest 
significant difference test for unequal sample size; ~ 0 . 0 5 )  during 1-GHz exposure (25.651.2 min) than during either 10-GHz (34.7f1.1 
min) or combined 1- and 10-GHz irradiation (30.533.4 min). The difference between the latter values was not significant. Although the 
rate of temperature increase at each monitored site varied, there were no significant differences among the Tsl, T,, Tt and T, values 
between exposure conditions at the time of death. The Tt, value at death was significantly greater at 1 GHz (44 "C) than at either 10 GHz 
(38 "C) or at 1 and 10 GHz (40 "C). In all groups, heart rate increased continuously during irradiaGon; blood pressure increased until T, 
reached 4041 "C and then decreased. Heart rate and blood pressure changes among groups were similar. These results indicate that, when 
SAR is held constant, dual frequency exposure (1 and 10 GHz) does not result in decreased survival time when compared to single 
frequency (1 or 10 GHz) irradiation. 

(p-1341 
CARDIOVASCULAR AND RESPIRATORY CHANGES DURING MICROWAVE-INDUCED LETHAL HEAT STRESS AND 
BETA-ADRENERGIC BLOCKADE. J.R. Jauchem and M.R. Frei. Biological Effects Branch, Radiofrequency Radiation Division, 
Occupational and Environmental Health Directorate, U.S. Air Force Armstrong Laboratory, Brooks Air Force Base, TX 78235-5324 USA 
and Depariment of Biology, Trinity University, San Antonio, TX 78212 USA. 

The purpose of this study was to examine the effects of selected beta-adrenergic antagonists (propranolol [2 and 10 mgFg body weight], 
nadolol [ 10 m a g ] ,  and labetalol [lo mg/kg]) on heart rate, arterial blood pressure, respiratory rate, body temperature, and survival times 
during lethal exposure of anesthetized rats to 2A50-MHz microwaves. Forty-two male Sprague-Dawley CD-VAFPlus rats (Charles River 
Laboratories, Wilmington, MA), weighing between 320 and 363 g (mear&SEM, 3 5 W  g) were used. Ketamine HCl, 150 m a g  i.m., was 
administered as a general anesthetic. The animals were exposed individually, in H orientation (left lateral exposure, long axis of body 
parallel to magnetic field), to far-field continuous-wave microwaves at an average power density of 60 mW/cm2 (whole-body specific 
absorption rate of approximately 14 W/kg) until lethal temperatures were attained. Values of lethal colonic temperature ("C) (rneanfsEM) 
were: saline (N=9), 43.6fo.1; 2 mg propranolol (N=9), 43.1M.2; 10 mg propranolol (N=10), 43.133.1; rad0101 (N=7), 43.739.2; and 
labetalol (N=7), 43.2M.2. Lethal temperatures in the labetalol and both propranolol groups were significantly lower (analysis of variance 
and Spjotvoll and Stoline test [Tukey honest significant test for unequal sample sizes]; Pe0.05) than in the saline group. Temperatures in 
the two propranolol groups were also significantly lower than that in the nadolol group. Survival times (time from colonic temperature of 
38.5 "C until death) were 34.5M.7 (saline), 3422.2  (2 mg propranolol), 27.9H.7 (10 mg propranolol), 32.3fo.9 (nadolol), and 37.5f1.9 
min (labetalol). Survival time in only the high-dose propranolol group was significantly less than in the saline group; it was also 
significantly less than the times in the lowdose propranolol and labetalol groups. In all groups, heart rate increased continuously during 
exposure; blood pressure increased until colonic temperature reached 41-41.5 "C, and then decreased. These heart rate and blood pressure 
changes were similar to those that occur during environmental heat stress. Heart rate and blood pressure changes among groups were 
similar. Respiratory rate, however, was si@icantly elevated during most of the exposure period in the highdose propranolol animals. 
This change in respiration, coupled with the significantly lower survival time in these animals, suggests a vital role of respiration in 
susceptibility to microwave-induced heating. These data imply that the role of respiration in increased susceptibility to microwave- 
induced heating in propranolol-treated animals deserves closer scrutiny. These results could advance the understanding of the 
pathophysiology of heatstroke. 

MICROWAVE EXPOSURES. C.S. Gambrill*l, E.C. Elson2 and S-T. Lul. Ogden BioServices Corporation, Gaithersburg, MD 
20879 USA. 2Depamnent of Microwave Research, Walter Reed Army Institute of Research, Washington, DC 20307 USA. 

To asceRain the absence of excess thermal stress in Dutch belted rabbits subjected to a cranial microwave exposure designed for an ocular 
study, changes in rectal temperature were used as an index. Rectal temperature was recorded with a microwave transparent temperature 
monitoring system. Twenty-nine male Dutch rabbits weighing between 1.7 and 2.1 kg were randomly divided into six groups according to 
the ocular Specific Absorption Rate (SAR): 6 5  W/kg pulsed and continuous wave (CW), 8.0 W/kg pulsed and CW and sham exposed 
groups for both 6.5 and 8.0 W/kg groups. The pulsed microwaves were generated by a Cober transmitter which was operated at 1.25 GHz, 
1 MW peak power and 10 ps pulse width. Two pulse repetition rates were used: 0.86 Hz (averaged power = 8.6 W) and 1.05 Hz (averaged 
power = 105 W). The equivalent C W s  were generated by a CW sou~ce operated at 8.6 and 10.5 W output. All microwaves were applied 

149 



via a Teflon loaded L-band (WR650) waveguide applicator. The recorder output of the temperature monitoring system was filtered by a 1 
Hz low pass filter, recorded and stored with a computer data acquisition system at a 0.2 Hz sampling rate. The duration of exposure was 4 
hours. All animals were unanesthetized during microwave exposure and were adapted to a microwave-transparent restrainer 4 hours daily 
for 3 days. Three and six repetitive exposures were administered to these rabbits. The average deviations from base-line rectal 
temperature in the 4 hour period were compared. They were 0.19 f 0.07 (mean f SE, n= 21,6.5 W/kg pulsed group), -0.08 f 0.08 (n= 21, 
6.5 W/kg CW group), -0.46 Zt 0.06 (n= 21,6.5 W/kg sham group), -0.43 k 0.07 (n= 22, 8.0 W/kg pulsed group), -0.04 f 0.06 (n= 15,8.0 
W/kg CW group) and -0.60 f 0.10 "C (n= IO, 8.0 W/kg sham group). The relative magnitudes of the rectal temperature changes were 
pulsedXW>sham in 6.5 W/kg groups and CW>pulsed,sham in 8.0 W/kg groups. Lack of rectal temperature response in the 8.0 W/kg 
group could not be accounted for by the difference in base-line rectal temperatures and the 6% lower power output of the pulsed 
microwaves because of a deviation from a perfect square pulse. Results of a factorial analysis indicated that rectal temperature variations 
were contributed by the difference among individual animals but not by the difference among repetitive exposures. A factorial experiment 
using a randomized block design can be used to evaluate the difference in pulsed and CW microwaves on rectal temperature by minimizeg 
the influence of an individual animal on the outcome of the experiment. However, this experimental design cannot be used during thls 
ocular study because of the requirement for administering either pulsed or CW microwaves of similar average SAR repetitively. This 
discrepancy in rectal temperature response to a pulsed microwave remains to be resolved. 
ACKNOWLEDGEMENT. This research was perfomed under contract DAMD 17-89-C-9021 with the Walter Reed Army Institute of 
Research (WRAIR), Department of Microwave Research. The use of animals was in compliance with NIH and WRAIR guidelines and 
policies. Technical assistance by D. Varle and M. DeAngelis is acknowledged. 

JP-1381 
RESPONSES OF RATS TO DIURNAL AND NOCTURNAL MICROWAVE EXPOSURES. S-T. Lu. Ogden BioServices 
Corporation, Gaithersburg, MD 20879 USA and Department of Microwave Research, Walter Reed Army Institute of Research, 
Washington, DC 20307 USA. 

The majority of the studies on biological effects of radiofrequency radiation have been performed under a lighted environment. However, 
some of these effects studied are known to exhibit a circadian rhythmicity. Baseline and response sensitivity may also vary due to the 
circadian rhythmicity. The purpose of the present study was to evaluate the influence of this circadian rhythm on baseline and on its 
sensitivity to microwave exposure. Sixty-four day old rats were adapted to either regular light-dark cycle (light on: 0800-2000 hours) or 
reversed lightdark (light on: 2000-0800 hours) for 4 weeks. They, after a period of equilibration (from 0900 to 1200 hours), were exposed 
to a 2.45 GHz microwave at 0 (sham), 0.2,2.1,4.2,6.3, 8.4 and 10.5 W/kg whole body average specific absorption rates under a bright 
light or a dim red light for 2 hours from 1200 to 1400 hours. The following endpoints at mid-light (diurnal) or mid-dark (nocturnal) were 
evaluated: colonic temperature (Tco), corticosterone (CS), thyrotropin (TSH) and prolactin (PRL) concentrations in serum. Thermal 
intolerance was noted in rats subjected to nocturnal exposure at the highest SAR (3 out of 16 animals). In d i d  exposures, the Tco 
increased with SAR and the increase was statistically significant at all SARs except the 0.2 W/kg group. The baseline Tco in the nocturnal 
sham exposure was higher than the Tco in diumal sham exposure. The Tco did not change significantly in rats exposed nocturnally at 0.2 
Wkg. A decreased Tco was noted in rats exposed nocturnally at 2.1 and 4.2 W/kg and increased Tco at 6.3, 8.4 and 10.5 W/kg. A higher 
CS concenmtion was noted in the nocturnal shams than in the d i d  shams. The CS concentration increased in rats exposed diurnally at 
6.3,8.4 and 10.5 W/kg but only at 8.4 and 10.5 W/kg nocturnally. The TSH concentration was lower in nocmal  shams than in diurnal 
shams. The TSH ConCentration decreased in rats exposed diurnally at 2.1,6.3,8.4 and 10.5 W/kg but not at 0.2 and 4.2 W/kg. In conmt  
to the depression, TSH concentration increased in rats exposed nocturnally at 0.2 and 2.1 W/kg only. The PRL concennation was higher in 
nocturnal shams than in diumal shams. Prolactin responded to microwave exposure by increases only. The increase in PRL concentration 
occurred at 6.3,8.4 and 10.5 W/kg diurnally and at 8.4 and 10.5 W/kg nocturnally. It can be concluded that physiological responses of 
animals to microwave exposure varied according to the portion of the circadian cycle experienced by the animal during exposure. 
ACKNOWLEDGEMENT. The author is currently supported under contract DAMD 17-89-C-9021 with the Walter Reed Army Institute of 
Research, Department of Microwave Research. This was supported by a NIH grant ES03330. The use of animals used was in compliance 
with N M  and the University of Rochester guidelines and policies. Technical assistance by S. Pettit, N. Lebda and S.-I. Lu is 
acknowledged. 

IP-1401 
THE NON-THERMAL EFFECTS CAUSED BY MICROWAVE RADIATION (<1mW/cm2) IN OPERATORS AND ANIMAL. 
P. Jingsui*l and C. Huai2. 'Institute of Space Medico-Engineering, Beijing 10094, China. 2Microwave Research Lab. Zhejiang Medical 
University Hangzhou, 310006 China. 

This paper proved the existence of non-thermal effects of microwave radiation below lmW/cm2 by the survey of epidemiology and animal 
experiments. It provided a theoretical basis for drafting safety standards. The survey of epidemiology was made among 450 microwave 
operators of over 1 year's standing who worked for 3 months running. There were 50-75 pW/cm2 ,25-50 pW/cm2, 10-25 pW/cm2 and 
<lo pW/cm2 in pulse wave group. There were 75-100 pW/cm2, 50-75 pW/cm2, 25-50 pW/cm2 and <25 pW/cm2 in continuous wave 
group. 249 healthy svbjects were contrasted, working in non -microwave environment. Their ages, sexes and working places were the 
same as the operators. The syndrome of neurathenia, clouding of lens , high-frequency components for ECG, 9-wave for EEG, white 
blood cells and platelets were studied in the experiment. The results of the survey showed that there were changes of varying degrees by 
comparing the test groups with the control one and they also showed that there were significant differences in most parameters. In the 
animal test 440 adult rats of breed of U.N., weighing 10-24 g, were used. A pulse-wave transmitter f 3000 MHz and a physiotherapeutic 

control group. Whole-body radiation in abdominal- back direction was caused out in a microwave anechoic chamber once a day for 7 days 
running. Anus temperat e, index of myel id cell division and Sister chromati exchange (SCE) were studied. The results showed that 

were significant changes in any parameters except the anus temperature. Therefore, it proved the existence of non-thermal effects. 

transmitter of continuous wave of 2450 MHz were the radiators. There were 10 mW cm2, 5 mW/cm 9 , 1 mW/cm2, 0.5 mW/cm2 and 0.25 
mW/cm2 in pulse wave group. There were 20 mW/cm2, 10 mW/cm2, lmW/cm 1 , and 0 5 mW/cm2 in continuous wave group and a 

comparing the lmW/cm s and 0.5 mW/cm 2 in pulse wave group and lmW/cm 4 in continuous wave group with the control group there 
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IP-1421 
GENETIC RISK IN THE OCCUPATIONAL EXPOSURE TO MICROWAVE RADIATION. V. Garaj-Vrhovac* and A. Fucic. 
Institute for Medical Research and Occupational Health, Zagreb, Croatia. 

Cytogenetic investigations concerned with occupational exposure to electromagnetic fields in the zone of microwaves are of great 
importance especially for the study of possible effects due to long-term exposure to low intensities of electromagnetic radiation. The aim 
of our study was to investigate mutagenic changes in subjects with long-term occupational exposure to microwave radiation. The study 
comprised a group of 40 workers employed in the field of microwave radiation on radar equipment and antenna systems maintenance jobs, 
on the average for 12.5 years (range: 0.5 to 26 years). In order to evaluate cytogenetic damage detected in human peripheral blood 
lymphocytes, analysis of structural chromosome aberrations and cytokinesis block micronucleus technique were used. Cells were 
cultivated during 48 hours for the analysis of structural chromosome aberrations or 72 hours for the analysis of micronuclei (in 
cytochalasin B) blocked cells. The incidence of chromosome aberrations per cell was 5.18 and of micronucleus per cell 0.94, which was 
higher than the value obtained in the controls; 2.68 and 0.92, respectively. Regarding the type of aberralion, greater, number of breaks and 
acentric fragments was followed by dicentric and ring chromosomes, and binuclear cells containing 2 or 3 micronuclei. The results 
indicated that long-term exposure could cause damages of the somatic cell genome in humans. It also confirmed that analysis of structural 
chromosome aberrations and micronucleus assay are methods sufficiently sensitive for the detection of microwave radiation when other 
measured data are not available. The changes identified in the cell genome of occupationally exposed subjects, contributed by in vitro 
studies, point to a genotoxic effect of microwave radiation. 

(p-1441 
RECOGNITION OF HIDDEN MICROWAVES EFFECTS BY COMPOSITE ANALYSIS OF MEASURED TIME SERIES. AP. 
Andrushchenko, Y.I. Samoilenko and V.A. Yatsenko. Cybernetics Institute ukr. Acad. Sci., Kiev 252207. Ukraine. 

It can be necessary for biomedical application of microwaves (MW) to recognize ones effects on the early stage in. order to make the 
proper correction in the process of experiment or treatment. Here we consider a results of experiments about the influence of low-intensity 
M W  on the Rana temporaria eyes retinas where electroretinograms (ERG) were recorded. The purpose was to distinguish a group of 
retinas with MW exposure unlike a group without MW exposure using only ERG data. The usual statistical approach including the 
spectral analysis was improper in this situation because of complex character of the recorded signals. Therefore we analysed the ERG time 
series from viewpoint of the expedience of statistical evaluations applicability by the use of correlation coefficient between predicted and 
observed values. It turned out that ERG data can be divided on two sets. First set consists of chaotic time series generated by strange 
attractor mechanism and second set involves the stochastic time series which may be described by the conventional statistical parameters. 
Hence, we analysed these sets of ERG data separately taking into account their character (stochastic or chaotic). Following parameters 
were selected for the description of chaotic time series: fractal dimension, Kolmogorov entropy and embedding dimension. Next, two 
main approaches have been used for receiving parameters of stochastic data. First, the method of time series segmentation accordingly the 
density probability function with the following segments classification has been applied. The dynamic programming algorithm has been 
utilized here for the most reliable segmentation. Second, the proximity of stochastic data to nine density probability functions accordingly 
Akaike informational criterion has been estiqnted. These functions were as follows: normal, log-normal, Paretian, gamma, Rayleigh, 
uniform, Cauchy, exponential. It tumed out that the composite applicability of statistical parameters to stochastic time series and strange 
attractor parameters to chaotic data promoted obtaining the simple procedure for recognition of the retinas group with MW exposure. 
Again, the received criteria have the clear physical sense that can be useful for developing the theoretical models. Note, that the 
conventional approach collsists of the construction of complex separating surface in multidimensional space of only statistical parameters, 
it is more difficult procedure for the recognition in considered situation compared to proposed here and the clear physical sense is smeared. 

IP-1461 
INFLUENCE OF COMPLEX MICROWAVE SIGNALS ON EVOKED BRAIN POTENTIALS. K.  Markov*l, A. Shmar~v*~, M. 
Taslakov*l and P. Zubov*l. 'Institute of Electronics Bulgarian Academy of Sciences, Sofia 1784. *Bulgarian Medical Academy, Sofia 
1O00, Bulgaria. 

Relatively resent data concerning the effective tem erature of long chain molecules participating in the membrane structure of linked 
neuron ensembles indicate values in the order of K for external signals with microwave d e r  frequencies (in particular such 
of electromagnetic nature). Thus, studying new techniques of determining the influence of low-frequency modulated weak microwave 
signals of electromagnetic nature of brain biopotentials seems to be of considerable interest. In this paper we present results of 
investigating the effect of modulated low-intensity microwave radiation on light-. and sound-evoked potentials in experimental animals 
(cats). A computerized EEG system was used to register such potentials under the influence of a microwave signal (carrier frequency 9.4 
GHz, amplitude meander modulation swept within the frequency-range 50 - 250 lcHz with repetition rate 0.1 - 4 Hz). Test measurement 
were performed on protecting the measurement system against microwave signal interference. Changes were observed in the behavior of 
the action potential amplitude and length (as compared to the control) during and after the microwave signal action (t= 20 min), as well in 
the negative and positive areas circumscribed by the curves of the light- and sound-evoked stem potentials for three experimental animals 
and for radiation power density of P = 10 -6 - 10-l0 W/cm2. Further experiments are necessary in order to determine the effect of periodic 
irradiation on biological objects and to obtain longer lasting change in the potentials behavior at allowed irradiation doses (irradiation times 
at given power densities). 

- 
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Ip-1481 
EFFECTS OF MICROWAVE RADIATION ON BLOOD. L. Wenkui, L. Weipin and D. Zhaoxiong. Shanxi Medical College, Shanxi 
Ta iYW china 030001. 

30 Wistar rats were randomly divided into five groups. Each group has 6 rats, 3 female and 3 male rats. The dose group were the 20.40, 
60, 80 mw/cm2 groups. The negative control group were set up. The rats in the dose groups were .irradiated by continuous 2450 MC 
microwave once per day, totaling 8 times. Each irradiation lest 30 min. After the test radiation, the blood in the abdominal aorta was 
sampled to assay Hb, RBC, WBC, PTS in blood. 
The results showed that each dose could lead to decreasing of WBC and pts in blood, in 60.80 mw/cm2 group, the decrease was apparent 
(PeO. 001) . There was no significant difference between female and male. At the same time, Hb. RBC in blood were not affected 
apparently (M.05). It was proved that microwave radiation at certain strength could affected WBC, PTS in rats' blood. It is suggested 
that we should strengthen the protecting from microwave radiation. 

* 

Ip-1501 
STUDY OF THE FUNCTION OF ASTRAGALUS ON BUN EFFECTS OF MICROWAVE RADIATION ON RATS. L. Wenkui, 
H. Xuan, C. Suizhi and G. Wei. Shanxi Medical College, Shanxi TaiYuan, China 030001. 

The technology in microwave has been applied widely, and its hazard effects on human beings has been proved. If misused for a tong 
term, it can binder our renal function. However, Astragalus from Province Shanxi China is effectual to prevent and cure the damage to 
kidney caused by microwave radiation. 
120 Wistar Rats are randomly divided into five groups. Each group has 24 rats. The dose groups are the 30,40,60 and 80 mw/cm2 
groups. The negative control group is set up. Each group is subdivided into four sub-groups, each has 6 animals. The medicine used in 
the fvst sub-group is Vitamin-B, the second is Astragalus, the third is the mixture of the two formers, and the fourth is distilled water. 
Forced-feed the rats with the foregoing agents, once per day, totaling 10 days. After the last forced-feeding, each rat is irradiated by 
microwave radiation, once per day, totaling 8 days. At last, the blood in abdominal aorta is sampled to assay serum BUN. 
The results show that microwave radiation can do manage to kidney function and increase serum BUN. Vitamin-B, Astragalus, and the 
mixture are all effectual on decreasing serum BUN. However, distilled water has no effect. Of all these, Astragalus is the outstanding. It 
has apparent effect on protecting the renal function (PcO.05). So we can say that Astragalus from Shanxi China has a wide application 
prospect. 

Ip-1521 
EFFECTS OF MICROWAVE RADIATION ON SPERM MORPHOLOGY IN RATS. L. Wenkui, L. Zhihong and Z. Jiangtao. 
Shanxi Medical College, Shanxi TaiYuan, China 03001. 

24 male Wistar rats were divided randomly into 4 groups, 40,60,80 mW/cm2 dose groups and negative control group. Each group has 6 
rats. The rats in dose groups were irradiated on the abdomen part by 2450 MC continuous microwave, 30 minutes, once a day, totaling 12 
times. After irradiation, the sperms were isolated from the rats' epididymis then, were examined. 
The results showed that the sperm alteration rates in the 40,60,80 rnW/cm2 dose groups and negative group were 1.3%, 1.32%, 1.55% and 
0.53% respectively. The sperm alteration r tes in all dose groups were higher than that of negative control group (Pe0.05). There was 

observed in the shape of non-hook, amorphous, fat head, folded tails, double heads, and double tails. Of all these, abnormal sperms in 
shape of non-hook and amorphous were the most. All above indicated that microwave of. a certain power density can lead to sperm 
alteration in rats. As a result, we should strengthen the prevention against microwave radiation. 

significant difference between 80 mW/cm 1 dose group and negative control group (P<O.OOl). Abnormal sperm morphology were 

CELLULAR AND MEMBRANE EFFECTS OF 
MICROWAVES 

Ip-154j 
EFFECT OF MICROWAVE IRRADIATION ON THE EMBRYONIC AGING OF SIGNAL TRANSDUCTION SYSTEM. A. 
Takats*, K. OffenmullerC, L.D. Szabo* and L. Bertok*. "Frederic Joliot-Curie" National Research Institute for Radiobiology and 
Radiohygiene, Budapest, Hungary. 

It is well known that some vertebrates (fishes, reptiles) have genetic resistance against bacterial endotoxins (LPS), while others e.g. 
mammals are LPS sensitive. Birds in their embryonic age are LPS sensitive and the adults are resistant. It is also known that there is an 
embryonic aging of components of signal transduction system. In this work the adenylate cyclase system (AC) as a model has been used 
to follow the changes in LPS sensitivity of aging chicken embryo. It was also investigated whether the microwave irradiation could 
influence the aging processes. AC activities without or in the presence of different activators (Gpp/NH/p, NaF, forskolin) were compared 
in the partially purified (on a discontinuous saccharose density gradient ultracentrifugation) membrane fractions of the brain homogenates 
12.13.15 and 19 days old chicken embryos. Microwave irradiation (120 mW/cm2 for 120 min) was carried out as a single dose at 5th day 
of the embryogenesis or as doses repeated daily among 0-6 days or 0-18 days. The irradiated embryos were killed at 19th day. LPS was 
used in a concentration range 0-200 pg/ml in the presence of 10 mmol/L Naloxon-HC1 (an opioid receptor antagonist). A difference was 
found in the effect of LPS on the brain AC of younger (I; 12 and 13 days old) and older (II; 15 and 19 days old) embryos. LPS caused a 
concentration dependent inhibition of I., while its effect was biphasic at II., with an activation at lower concentrations (5-25 p@) and an 
inhibition at higher ones (100-200 pg/ml). Similar biphasic inactivation curve had been observed earlier after gamma irradiation (another 
agent causing membrane perturbation) of AC of 19 day chicken embryo brain (A. Takats et al.: J. Radiat. Res. 34, 141-147 1993). 
Microwave irradiation of chicken embryos with a single dose resulted in a decrease of the first (activatory) part of biphasic curve and the 
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repeated irradiation diminished this first part together with an elevated LPS inhibition of AC. On the basis of these results one can 
conclude that there is an embryonic aging of membrane structure or AC which could be inhibited by microwave irradiation of chicken 
embryos. 

-1 
EFFECTS OF EXPOSURE TO WEAK PULSED HIGH FREQUENCY MAGNETIC FIELDS ON BIOELECTRIC 
PARAMETERS ON NERVE CELLS. L.C. Luthe*, U. Kullnick* and H.G. Wolff*. Technische Universitat Braunschweig 
Zoologisches Institut - Physiologie, D-38092 Braunschweig, Germany. 

Nonthexmic effects of weak high frequency electromagnetic fields (Em on neuronal systems have been detected recently (ARBER, 
1976; KULLNICK, 1992). ARBER and KULLNICK showed hyperpolarizations of the resting potential (RP) of nerve cells in the central 
nervous system of the winejard snail (Helix ponturia (L.)) caused by exposing them to weak high frequency electromagnetic fields. 
ARB= used microwaves with a frequency of 2.450 GHz, KULLNICK used pulsed fields with a carrier frequency of 150 MHz. Also, 
influences of low level electric and magnetic fields (max.: 1.2 nT) (produced in a cavity resonator (CR)) on the germination of the fungus 
Mycotrpha ufricunu were shown (BROEFS et al. 1992). We have examined whether hyperpolarizations of the RP appear in purely 
magnetic oscillating fields (m in a CR, too. Furthermore it was investigated whether there are windows (frequency, intensity) for such 
effects. The magnetic fields were effected by means of a CR, which is a wooden cuboid with interior walls made of copper. Lowest 
eigenfrequency of this device is 150 MHZ. At distinct positions of such a CR purely electric and magnetic oscillating fields can develop 
(HET- et al, 1992). Through a hole in one of the small walls of the CR the object, the central nervous system of a snail (Helix 
pomaZk,J was put into that part of the cavity resonator where the MF oscillates. Before and after an exposition for l0,20 or 30 minutes the 
Rp of identified neurons was measured intracellularly. In addition we carried out experiments with double and with triple exposition of 10 
minutes duration. In recent experiments the pulse frequencies were 8.3 Hz and 217 Hz. The modulation was a cut off (80 p) of the 
carrier wave. The flux densities of the effected fields were between 70 nT and 3.4 pT. Applying high frequency MF to snail neurons we 
have never seen any significant alteration of the Rl?. Obviously the effects described by ARBER (1976) and KULLNICK (1992) did not 
appear if high frequency purely MF were applied. Probably in our experiments the lack of any significant alteration of the RP is due to the 
exclusive use of high frequency magnetic fields. But up to now we do not have results of experiments with purely electric fields. Further 
experiments should be carried on to other modulation frequencies and to expositions to electric fields. 
Sponsored by Prof. Karl Brinkmann, Technische Universitat Braunschweig, Projektleiter, Forschungsverbund elektromagnetische 
Vertraglichkeit biologischer Systeme. 
References: 
Arber, SL. (1976): Influence of microwaves on the resting potential of giant neurons of the mollusc (Helix pomatia). Elektronnaia 

Broers, D., Kraepeli G., Lamprecht, I. and Schulz, 0. (1992): Mycotypha africana in low level athermic ELF magnetic fields: Changes in 
growth parameters. Bioelectrochemistry and Bioenergetics, 27,202-217. 
Hetscher, M., Kohlsmann, S. and Kramer, KD. (1992): Generation of homogeneous electric and magnetic fields at radio frequencies in a 
cavity resonator. Bioelectrochemistry and Bioenergetics, 27, 124-128. Kullnick, U. (1992): Influence of weak non-thermic high- 
frequency electromagnetic fields on the resting potential of nerve cells. Bioelectrochemistry and Bioenergetics, 27,293-304 

Ohbotka Materialov, 6 (72), 78-79. 

Lp-1581 
A NEW MICROWAVE EXPOSURE APPARATUS FOR CELLS BASED ON NON-RADIATIVE DIELECTRIC WAVEGUIDE. 
C. Di Nallo*, G. Dlnzeo, F. Frena*, A. Galli*, P. Lampariello* and A. Palombo*. "La Sapienza" University of Rome, Department of 
Electronic Engineering, Rome, Italy. 

To improve the understanding of the interaction mechanisms between electromagnetic (EM) fields and biological systems, an accurate 
study of the action of the EM energy on cellular systems has nowadays become a necessary aspect. According to the most qualified 
theoretical analyses, a fundamental step of this investigation is represented by the "in-vitro'' experimental studies, having as a main target 
the observation of the behavioral modifications of exposed cellular cultures. An important topic of such research concerns the non-thermal 
effects, due to "weak" microwave EM fields. On the basis of previous experiences [1,2], in this work we propose and test a new interesting 
microwave exposure apparatus employing the Non-Radiative Dielectric (NRD) waveguide, which is a rather recent but increasingly 
popular technology for microwave and millimeter-wave applications [3]. The NRD guide consists of a rectangular-section dielecmc rod, 
sandwiched between parallel metal plates that are at a distance less than a free-space wavelength. The EM energy coupling between NRD 
elements typically occurs through evanescent fields in the air regions, and on this principle a number of devices, such as bandstop and 
bandpass filters, have been realized for communications purposes [3,4]. The same topologies can suitably be employed for exposure 
systems of biological samples. It should be also pointed out that, by properly varying the frequency band or the NRD geometry [51, the 
same NRD guide can act as a radiating "leaky-wave'' type applicator, instead of an "evanescent-wave'' type feeder. An NRD prototype has 
here been designed with a view to transferring EM energy at 10 GHz to cellular samples inside standard Petri discs, as schematized in Fig. 
1. The absorption effects on the air-gap coupled disc can experimentally be evaluated through measurements involving the transmission 
and reflection scattering parameters, as shown, e.g., in Fig. 2. From an EM viewpoint, the coupling problem has been approached by 
considering the biological sample as a highly lossy dielectric scatterer, so that the EM behavior of the apparatus is well predictable through 
simple theoretical models. With respect to traditional apparatuses, such as horns or metallic waveguides, this system shows several 
advantages, such as an accurate control of the absorbed energy rate of the sample through a precise evaluation of the involved EM 
parameters, and a suitable integrability of the experimental set-up with thermostating and feeding equipments of cell cultures. 
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Fig. 1 Fb. 2 
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IP-1601 
MG~+-ATP-ASE ACTIVITY AND DISTRIBUTION IN SMALL INTESTINE EPITHELIAL CELLS. z. Somosy*l, G. 
EFFECTS OF MODULATED AND CONTINUOUS MICROWAVE IRRADIATION ON CALCIUM CONTENT AND CA2+- 

Thuro~zy*~, G. Koteles*l, A. Kittel*2 and J. Kovac~*~.  l"Frederic Joliot-Cwie" National Research Institute for Radiobiology and 
Radiohygiene, Pathomorphology Laboytory, H- 1775, Budapest, Hungary. 21nstitute of Experimental Medicine, Hungarian Academy of 
Sciences, H-1450, Budapest, Hungary. Eotvos Lorand University, Department of General Zoology, Budapest, Hungary. 

The pyroantimonate precipitable calcium content and Ca2+-Mg2+-ATP-ase activity and distribution in small intestine epithelial cells were 
investigated in mice following total body irradiation with 2450 MHz continuous and low frequency (16 Hz) square modulated waves. In 
the control animals the calcium containing reaction products appeared in the brush border (apical surface of epithelial cells), on the basal 
lamina, and the intercellular space of lateral membrane between adjacent cells, including intermediate junctions and desmosomes. They 
were, however, absent in the tight junctions. Inside the cells, the reaction products are separately localized at the cytoplasmic side of 
desmosomes and intermedier junctions. Limited numbers of reaction products were also seen in the cytoplasm and on the mitochondria. 
Ca2+-Mg2+-ATP-ase activity were found on apical region of cells and it rarely located on junctional area, firstly at tight junctions, of the 
cells. 
Immediately after square modulated (16 Hz) 2450 MHz microwave irradiation at 0.5 and 1 mW/cm power densities a rapid redistribution 
of pyroantimonate deposits was observed. The reaction products were located on the cytoplasmic side of lateral plasma membranes, in the 
area of junctional complex, including tight junction, and other parts of lateral plasma membrane. Parallel with these changes we observed 
a decreased activity of Ca2+-Mg2+-ATP-ase on the junctional region. 
Continuous waves with same energy do not alter the distribution of precipitable calcium and Ca2+-Mg2+-ATP-ase activity. We conclude 
that the low frequency modulated microwave irradiation an modify the calcium distribution on junctional area of epithelial cells and this 

Supported by PHARE ACCORD (0472 and 0492). 
fact may explain the radiation-induced changed Ca2+-Mg 3 +-ATP-= activity. 

(p-1621 
MICROWAVE EXPOSURE EFFECT ON THERMOPHILIC ALCOHOL DEHYDROFENASE. G. dAmbrosiol, S. D'A~ria*~,  
M. DeR~sa*~,  G. Fran~eschetti*~-~, F. LaCara*2, R. Massa*l, M. R o ~ s i * ~ - ~ ,  M.R. Scarfi4. Dept. of Electronic Engineering, Univ. of 
Naples. 2CNR-IBPE, Naples. 3Dept. of Organic and Biological Chemistry, Univ. of Naples. 4CNR-IRECE, Naples, Italy. 

The effect of microwave irradiation on thermophilic enzymes is studied at our laboratory since one year. In a previous set of 
experiments[l] we demonstrated that microwave exposure (frequency =10.4 GHz, SAR = l.lt1.7 W/gr) of &galactosidase from Bucillur 
ucidoculdarius, a thermoacidophilic eubacteria, induces enzymatic activity loss. We also found a correlation between enzymatic damage, 
exposure durdon and enzyme concentration. 
In a new set of experiments we tested the same exposure conditions on another thermophilic enzyme: alcohol dehydrogenase from 
Archaebacteria Surfobbw solfararicsls (SsADH). It is a NAD+dependent oxidoreductase (EC 1.1.1.1 .) with broad substrate specificity[2]. 
This enzyme was tested either at several concentrations and at different exposure times. The results obtained indicate that also SsADH is 
sensitive to microwave radiation. In fact kinetic studies show a complete lost of activity after 1 hour microwave exposure (f =10.4 GHZ, 
SAR d . 8  W/gr) at enzyme concentration of 0.1 mum1 in 10 mM TrismC1 pH=8.1 buffer. A variation of secondary structure of exposed 
samples, respect to the thermal controls, evaluated by means of far uv CD spectra, is in agreement with kinetic data. These results were 
also efforted by fluorescence spectra analysis (1, = 295 nm; Lm = 328 nm). 
Our experiments suggest a non thermal inactivation of SsADH by microwave irradiation. Studies are in progress to better characterize the 
enzyme structure after microwave exposure in order to determine a possible action mechanism. 
References: 
i l l  G. dAmbrosio, M. De Rosa, G. Franceschetti, F. La Cara, R. Massa, M. Rossi. M.R. Scarfi, 0. Zeni, "Analysis of the effects of 
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microwave energy on thermophylic B-galactosidase from Bacillus acidocaldanus" 2nd Congress of the European Bioelectromagnetics 
Association, 9-1 1 December 1993, Bled, Slovenia. 
[2] S. Ammendola, C.A. Raia, C. Caruso, L. Camardella, S. D'Auria, M. De Rosa, M. Rossi, "Thermostable NAD+-dependent alcohol 
dehydrogenase from Solfolobus solfataricus: gene and protein sequence determination and relationship to other alcohol dehydrogenases", 
Biochemistry, 2, pp. 12514-12523 (1992). 

Ip-1641 
ALTERATION OF SEVERAL ONCOGENE EXPRESSIONS BY 915 MHZ, CW, SAR-0.1-WKG MICROWAVE RADIATION. 
M. Verma* and S.K. Dutta. Molecular Genetics Laboratory, Department of Biology, Howard University, Washington, DC 20059 USA. 

915-MHz, CW electromagnetic radiation (EMR) is used extensively for clinical and commercial purposes. NG108 neuroblastoma-glioma 
cells were exposed to these EMR at 0.1 W/kg for 30 min. The transcript levels were measured by hybridization technique. Total RNAs 
were hybridized with specific probes containing coding sequences for ribosomal RNA (rRNA), c-myc, c-fos, c-ras, c-jun, U6, and neuron- 
specific enolase genes. The results indicated enhancement in the mRNA levels of genes under study during 915-MHz, CW exposure. We 
further codirmed our results by counting the hybridized filters for quantitative data. Sham and actual controls, and internal controls (B- 
actin and glyceraldehyde phosphate dehydrogenase genes) were used. The enhancement in transcript levels caused by EMR exposure 
requires de novo messenger RNA synthesis and the existence of some unidentified newly synthesized proteins to help stabilize these 
mRNAs. This study has demonstrated that the exposure of cells to continuous, modulated 915-MHz, CW EMF can cause measurable 
changes in transcript levels of the genes coded by RNA polymerase I (rRNA), RNA polymerase I1 (enolase, c-myc, c-fa, and c-ras), and 
RNA polymerase III (US). The genes selected include both nuclear and cytoplasmic oncogenes. This is the fust report where the effects 
of microwave radiations have been studied on the transcription of genes coded by RNA polymerase I, I1 and III. 
(Supported partly by an institutional training grant from NIGMS-NEI, and partly by an EPA grant). 

Ip-1661 
EFFECT OF UHF ELECTRIC FIELD ON THE ALVEOLAR MACROPHAGES PHAGOCYTIC ACTIVITY IN PATIENTS 
WITH CHRONIC BRONCHITIS IN VITRO. V.A. Shatrov. Department of Microbiology, Virology and Immunology, Crimean 
Medical htitute, Ukraine. 

Ultra high frequency electric field (EF) has been widely used in medical practice in the ex-USSR, for example in the therapy of 
patients with chronic bronchitis. The objective of this study was to investigate the immunological effects of 40.68 MHz ET on alveolar 
macrophages in patients with chronic bronchitis in vitro. We have examined the capability of 40.68 MHz EF with capacities: 20,40,70 
Wt to activate alveolar macrophages phagocytic activity. The UHF EF exposure was carried out using the medical device UVCH-66 
widely used in the clinical practice in Ukraine and other republics of ex-USSR. Ten samples containing 2x106 cells/ml in RPMI 1640 cell 
culture media were exposed to EF radiation (capacities: 20,40, 70 Wt) for 5 min, 10 min, 15 min, and ten samples were treated as sham 
controls. We have examined also the alvecolar macrophages phagocytic activity from 10 normal donors (control group). Statistically 
significant differences between UHF EF exposed samples and sham controls were found for alveolar macrophages phagocytic activity at 
all regimes of our experiments (P< 0.05) with exception of 5 mm exposure and 20 Wt of field capacity. The studies have revealed the 
stimulating effect of UHF EF on the inhibited phagocytic activity of alveolar macrophages in patients with chronic bronchitis. This effect 
has been dependent on the field capacity and length of the phagocyte exposure to this field. The maximum activating effect of this 
physical factor on phagocyte function in vitro was observed with the field capacity of 40 Wt and 10 rnin exposure. The results of this 
study indicate a possibility to use UHF EF with capacity of 40 Wt and 10 min exposure in clinical practice to stimulate inhibited alveolar 
macrophages phagocytic activity in patients with chronic bronchitis. 

Ip-1681 
STUDY OF MICROWAVE INDUCED LIPOSOME PERMEABILITY. B. Bergpist**, L. Arvidsson*2, E. Pettersson*2, S. Galtl, 
E. S a a h ~ a n * ~ ,  Y. Hamneriusl and B. N~rden*~ .  lchalmers University of Technology, Microwave Technology, Fteborg, Sweden. 
2University of Gothenburg Chalmers University of Technology, Biochemistry and Biophysics, Goteborg, Sweden. Nordic School of 
Public Health, Goteborg, Sweden. 4Chalmers University of Technology, Physical Chemistry, Goteborg, Sweden. 

Potential health effects, and particularly non-thermal effects, of microwave radiation have been discussed for a long time. In this study we 
attempted to see whether microwaves could induce a non-thermal membrane permeability of liposomes. The effect of 2.45 GHz 
microwave radiation on permeability of phosphatidylcholine liposomes has been studied. Liposome preparation was performed using an 
exmder equipped with a 0 . 1 ~  filter and repeated freezing and thawing in liquid nitrogen. Microwave exposure was performed 0.4 m in 
front of a horn antenna connected to a continuous wave magnetron. Output power was 75 W and specific absorption rate (SAR) in the 
liposome sample was 3833 Wkg. Thermal heating of the liposomes was performed in the same sample container, made of FEE (Teflon), 
as microwave exposure. During exposure the liposome samples reached the same final temperature in both microwave and thermal 
exposure. This final temperature, 37.6M.5 "C, was well above the gel to liquid crystal phase transition temperature of the lipid membrane. 
Leakage of entrapped 5(6)-carboxyfluorescein from the liposomes was measured using spectrofluorimetry after exposure to either 
microwaves or thenmil heating for 5-20 minutes. Equal increased membrane permeability was obtained for both microwave exposed and 
thermally exposed liposome samples. This result contradicts the one previously obtained in the same laboratory under similar con&tions. 
In these earlier experiments a separate sample container made of soda glass was used for thermal exposure of the liposomes. The 
membrane permeability of the liposomes exposed in this glass container was lower than from those exposed in the Teflon sample 
container. This led to the erroneous conclusion that microwave exposure produced a significant non-thermal effect on membrane 
permeability. 
This work was supported by the Swedish Work Environment Fund. 
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I SAFETY GUIDES AND PRACTICES I 
I p - 1 7 0 I  
REGULATING HUMAN EXPOSURE TO RADIOFREQUENCY FIELDS FROM TELECOMMUNICATIONS SOURCES IN 
THE UNITED STATES. R.F. Cleveland, Jr. Office of Engineering and Technology, Federal Communications Commission, 
Washington, DC 20554 USA. 

In the United States the Federal Communications Commission (FCC) regulates telecommunications facilities and devices that are not 
operated by the U.S. Government. Major services under FCC jurisdiction include radio and television broadcasting, landmobile 
communications including cellular radio, microwave domestic radio, satelliteearth communications systems and amateur radio. The FCC 
considers human exposure to radiofrequency (RF) radiation as one of several environmental factors that must be assessed before FCC 
authorization of an RF transmitting facility or device can occur. In the past the FCC has used the RF protection guidelines of the American 
National Standards Institute (ANSI) for determining whether RF-emitting facilities would cause potentially harmful human exposure. In 
1993, a proposal was made by the FCC to begin using the newly revised guidelines developed by the Institute of Electrical and Electronics 
Engineers (IEEE C95.1-1991) and adopted by ANSI for evaluating RF exposure. As part of its compliance program the FCC has 
developed various guidelines, interpretations and recommended procedures for use by its regulated entities. Many of these guidelines are 
now being updated to confom to the new exposure criteria They will include a new version of a technical bulletin providing guidance on 
calculational methodology, measurement procedures and protection techniques to ensure compliance with the guidelines. The FCC has 
also sponsored several measurement studies to help assess exposure potential from various sources. Subsequent reports have dealt with RF 
fields from broadcast facilities, land-mobile communications sources and amateur radio facilities. Data have also been gathered relative to 
other sources such as satellite u p l i i ,  This paper will describe the FCC's program and plans for future implementation of new guidelines. 

IP-172-j 
REPORT ON THE NATO ADVANCED RESEARCH WORKSHOP ON RADIO FREQUENCY RADIATION STANDARDS. 
BJ. Klauenbergl, DN. Erwin1 and M. Grandolfo2. lunited States Air Force, Armstrong Laboratory. Radiofrequency Radiation Division, 
Brooks AFB, TX 78235-5324 USA. 21stituto Laboratorio di Fisica, 00161 Roma, Italy. 

A NATO Advanced Research Workshop (ARW) on Developing a New Standardization Agreement (STANAG) for Radiofrequency 
Radiation was held at Pratica di Mare Italian Air Force Base, near Rome, on May 17-21, 1993. The ARW brought together over 50 
scientists from different NATO Countries to produce consensus on recommendations for an update of the current NATO STANAG 2345 
MED, "Control and Evaluation of Exposure of Personnel to Radio Frequency Radiation." The ARW was organized, directed, and the 
proceedings (to be published by Plenum Press) edited by Erwin, Grandolfo and Klauenberg. Invited participants included physicians, 
physicists, environmental specialists, behavioral psychologists, cell biologists, neurobiologists, physiologists, and electrical engineers 
drawn from academic institutions, governmental and military research laboratories, science foundations, military departments, and 
government agencies. Counaies represented were the United States, Canada, United Kingdom, France, Italy, Australia, Greece, and 
Germany. Many of the scientists participating in this workshop are currently serving on several European and North American standards 
setting committees. The first three days of the ARW were devoted to a through review of biological effects, risk assessment, dosimetry, 
and military operations. The subjects ranged from the mechanisms of physical interaction of EMF at the cellular level to risk 
communication. Three working groups met on the final two working days to discuss: coordination with international bodies and the 
European community, standards drafting, and planning for a NATO Advanced Studies Institute (ASI) and an Advisory Group for 
Aerospace Research and Development (AGARD) lecture series. Consensus on the recommendations from each working group was 
reached by the ARW. Approved recommendations included; 1) Involve the major international standards organizations, in particular 
ICNIRP, in the standards drafting process, 2)  organize a 10 day AS1 and a subsequent series of AGARD lectures for purposes of 
dissemination and education in support of the Draft STANAG, 3) base the Draft STANAG, as a starting place, upon the recently 
promulgated ANSUIEEE 0 5 . 1  - 1992 guidelines, 4) adopt the ANSWEE C95.3-1991 Measurement Standard as a companion document, 
5) hold a second NATO ARW for the purpose of fine-tuning the Draft NATO STANAG, 6) submit a proposal to NATO for an ARW on 
"Measurement and Practical Problems Associated with the Implementation of a BioRadhaz Control Standard." 
Sponsoring Organizations included NATO Scientific Affairs Division, USAF Armstrong Laboratory, USAF European Office of 
Aerospace Research and Development, the USAF Office of International Cooperative Research and Development, Istituto Superiore di 
Sanita, National Institute of Nuclear Physics, Italy; and the IAF Divisione Aerea Studi Ricerche e Spenmentazioni, at Ratica di Mare, 
Italy. 

Ip-1741 
TECHNICAL-ADMINISTRATIVE CHARACTERISTICS OF A DEPARTMENT FOR THE HAZARD CONTROL AGAINST 
THE RISKS DUE TO THE USE OF THE RF SOURCES IN THE RESEARCH FIELD. A.A. Russo. Italian National Research 
Council, Safety and Prevention Dept., 00198 Rome, Italy. 

The appliance of the exposure standards and their compliance in the use of RF and MW sources request that a surveillance methodology 
and program have to be set up, in order to protect the workers and population against the risk, connected with the utilization of this kind of 
technology. The Italian national safety standards are going to promulgate in this field and they provide for an hazard control program both 
for the workers and for the population. This safety program must be carried out at different levels by the different technical and 
administrative bodies, which are responsible for the management and the control of the safety conditions and of the compliance with the 
standards. In order to plan the hazard control and to set up a methodology for risk evaluation, the Safety and Prevention Department of the 
Italian National Research Council, in collaboration with the Ionizing and Non Ionizing Radiation Lab. of the National Institute of 
Prevention and Work Safety, has set up a methodology for the study of the risk evaluation. The first stage of this study is oriented to know 
the kind and the typology of sources used in research laboratories, the number of workers employed in their utilization, the work load, the 
exposure time, the condition of exposure, the site of the apparatus and the eventual protection means, and so on. The knowledge of these 
data, in fact, allows to have every useful information about the risk indexes and the hazard degree of every work environment. On the 
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basis of these data it is so possible to plan a program of hazard control, in relation to the measurement methodology, to the measure 
instruments, to the number of the operators requested for the survey, to the training of the exposed workers and so on. The data are carried 
out through a questionnaire-card, sent to all the research laboratories of the National Research Council. After the same card will be sent to 
other university laboratories and to the public and private hospitals and healthy shuctures. The results of this survey allow to organize a 
systematic hazard control program in the work environment in Italy and can be very useful also for an evaluation of health risk, due to this 
kind of sources, and for planning a program of medical surveillance of the workers. Furthermore the same results allow to define the 
technical characteristics of an office for the physical surveillance against the risk of RF and MW sources, with special regard to the 
technical equipments and the staff. 

Ip-1761 
ANALYSIS OF WORLD-WIDE STANDARDS F R 50-60 HZ ELECTRIC AND MAGNETIC FIELD EXPOSURE. V.N. 
Soldatchenkov*l, L.E. Doptis*l and J.C. Monahan2. P Biospherics Inc., Beltsville, MD 20705 USA. 2Food and Drug Administration, 
Center for Devices and Radiological Health, Rockville, MD 20857 USA. 

It is very important to establish exposure standards and regulations to protect the general public and for workers in various occupations 
exposed to Extra Low and Low Frequency electric and magnetic fields. There are presently no Federal regulatory standards established to 
protect the public or workers from exposure to 60 Hz electric and magnetic fields in the United States. However to date, at least seven 
states have established limits on electric fields near transmission lines: Florida, Montana, Minnesota, New Jersey, New York, North 
Dakota, Oregon. Florida and New York have established limits for magnetic fields in the vicinity of transmission lines. Guidelines for 
these fkquency ranges have been established in West Germany and the United Kingdom, and Sweden recently took action to reduce levels 
around transmission lines. In the United States the American Conference of Governmental Industrial Hygienists (ACGIH), a professional 
organization, has adopted a Threshold Limit Value (TLV) for the control of routine occupational exposure to sub-radiofrequency (30 KHz 
and below) magnetic fields. In the former Soviet Union and some East European countries, the guidelines, which have been established, 
limit electric and magnetic field exposure to values that are several orders of magnitude lower than those accepted in the West. A basic 
public health criterion of these standards is that they should be set at exposures to which no change in the health status or well-being of 
exposed individuals occurs. In practice, however, these levels are well below those at which there are any perceptible effects of exposure. 
Most of these standards are established for electric fields while in the West the major concern is to limit the magnetic component of 
exposure. Research conducted under the US-USSR Cooperative Agreement on Environmental Health shows some methodological 
differences in electromagnetic field bioeffects evaluation between the Soviet and U.S. studies. Nevertheless, standards should be 
developed as a result of data gathered through extensive animal experiments, epidemiological studies and volunteers' exposure to under- 
threshold levels of electromagnetic fields. This approach should be considered as essential to the establishment of exposure standards for 
electromagnetic radiation. 

Ip-1781 
A REVIEW OF CONSISTENCY AMONG MAGNETIC FIELD EXPOSURE GUIDELINES. C.H. Shih, T.C. Shuter* and B.J. 
Ware*. American Electric Power Service Corporation, Columbus, OH 43215 USA. 

A number of exposure guidelines have been suggested to limit extremely low frequency electric and magnetic fields. Their approach is 
generally the same: First consider some biological effect observed during experiments while a human subject is exposed to external fields. 
The field strength is then related through a mathematical model to an induced internal current density. A simple model based on Faraday's 
Law shows that the Current density J is governed by mf330. The model depends on an assumed configuration and its associated tissue 
conductivity. An inherent weakness in the model is that the organ must be considered as a homogeneous body with constant conductivity, 
and a meaningful loop representing an organ can not be uniquely determined. J. H. Bernhardt (1979) assumed a set of pameters for brain 
and heart. IRPA/INIRC (1990) uses different parameters for an unspecified tissue loop. C. Polk and E. Postow (P&P, 1985) presents a 
model for the cranium and heart. ACGM (American Conference of Governmental Industrial Hygienist, 1991) represents the human body 
by an ellipsoid. It uses the height and width to simulate the body peripheral and calculates a density for 60 Hz. A summary of the results 
generated by the various models is given as follows: 

I0.85x0.2xO.l I 60 

It must be reiterated that the basic reason to assume these parameters and to develop a model is to correlate the external magnetic field at a 
specific level known to cause a biological effect, and the current density is used as the physical agent in this process. It has been observed 
(Bemhardt, 1979) that in the 1 - 100 Hz frequency range, electric or magnetic field induced current of 1 mA/m2 or less should not have a 
direct effect on the brain's electrical activity, since the magnitude of current density is approximately the same as would be induced by 
naturally occurring fields in the human cranium. Bemhardt and P&P models yield a density approximately equal to 1 mA/m2 at 0.5 mT. 
The above review illustrates that a relationship between recommended levels and biological effects cannot be precisely defined. This lack 
of precision or uncertainty must be addressed in exposure limits in order for them to be practically applied. The observation is also 
important when addressing exposure time or limits to extremities in establishing guidelines. 
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pmq 
ESTIMATION OF RELATIVE VALUE OF MITIGATION STRATEGIES ACROSS A RANGE OF MAGNETIC FIELD 
SOURCES AND DOSE METRICS. J. Adams, M.G. Morgan and I. Nair. Department of Engineering and Public Policy, Camegie 
Mellon University, Pittsburgh, PA 15213 USA. 

Current state of the art bioelectromagnetics research does not tell us what aspect if any of exposure to ELF magnetic fields results in 
increased health risk. Because of this, it is very difficult for policymakers to decide where to put scarce resources for the mitigation of 
these fields. As an example, within the context of a neighborhood it is not known if more effort should be directed towards mitigation of 
fields from balanced power flow in the distribution primary, or into reducing fields associated with grounding currents. We have 
developed the "exposure reduction supply curve" method as a tool for policymakers which includes the use of the "effects function" as a 
way for accounting for the biological uncertainty. The effects function is a construct used to relate a magnetic field exposure pattern to 
possible health risks. In earlier work, we presented preliminary results for evaluating mitigation strategies for construction of new 69 kV 
and 345 kV transmission lines using exposure reduction supply curves [l]. In the current work, we look at four scenarios chosen to 
represent a wide range of magnetic field sources. These include construction of a new transmission l ie,  retrofit of a similar uansmission 
line, construction of a new, overhead distribution system in a neighborhood, and retrofit of a similar overhead distribution system. The 
scenarios were chosen so as to model situations common within a number of utilities. A range of effects functions was utilized, including 
time weighted average magnetic field, two types of threshold effects functions, and a number of others. We have found that the choice of 
which strategy to adopt can depend very strongly on which effects function is assumed to be operating. The relative cost effectiveness of 
mitigating different field sources can depend as well on which effects function is assumed to be operating. 
This work is beiig done in collaboration with and support from Arizona Public Service, Salt River Project, WRI, and Southern California 
Edison. 
1. J. A@m, M. Granger Morgan, J. Zhang and I. Nair. "Estimation of Transmission and Distribution System Exposure Reduction Supply 
Curves , Fifteenth Annual Meeting of the Bioelectromagnetics Society, Los Angeles, CA, June 1993. 

IP-182 J 
NEUROBIOLOGICAL RESEARCH ON EXTREMELY-LOW-FREQUENCY ELECTRIC AND MAGNETIC FIELDS: A 
REVIEW TO GUIDE FUTURE RESEARCH. W.H. Bailey. Bailey Research Associates, New York, NY 10017 USA. 

Since the discovery of electricity, there have been investigations of its effects on biological processes. By the middle of the nineteenth 
century enough was known to suggest that the functions of the nervous system were associated with the flow of electrical currents. 
Although there was interest in the potential therapeutic effects of electric and magnetic fields on diseases of the body before this modem 
era of research, the possibility that such fields might have adverse consequences has a relatively more recent history. Given what we now 
know about the unique electrical signalling capabilities of the nervous system, the possibility that external electric or magnetic fields 
influence function at some exposure levels is plausible; in fact, it is known. The ability of intense 20 - 100 Hz electric and magnetic fields 
to produce weak, but nonetheless perceptible visual sensations has been repeatedly confirmed in the last hundred years. However, the 
search for responses of the nervous system to weak magnetic and electric fields like the 50160 Hz fields associated with electrical power 
systems, and for potentially adverse effects is more recent and considerably more controversial. While to date the interest of both the 
public and scientists has focused on cancer, there is a growing recognition that neurobehavioral research could shed light on questions of 
potential importance (EPA, 1992). This review provides a perspective on research studies directed towards identifying biological and 
behavioral responses to electric and magnetic fields in the extremely-low-frequency (ELF) range. The focus is limited to several areas that 
have been of key interest perception, behavior, circadian rhythms, neuroendocrine functions and chemical neurotransmission. The goal of 
the review is to assess the status of research in these areas and to identify critical technical or biological issues that need to be addressed in 
future research efforts. Some of the Conclusions and Recommendations for future research priorities are: 1) Focus future studies of 
perception on a search for potential specialized sensory cells that might mediate magneto-biological interactions. Some research points to 
the retina and pineal gland; 2) Since no persuasive evidence for adverse effects on mental or behavioral performance has been reported, 
little is to be gained by further application of basic Screening tests either in animals or humans. Advanced study of humans should focus 
on performance only if attempts are made to relate performance changes to relevant physiological signal processing. Additional research 
on potential effects of prenatal exposures to animals should be given greater attention; 3) While there is scant data to conclude that 
magnetic fields affect circadian rhythms, future research should employ more powerful study designs. Of greatest interest are studies of 
humans, circadian pineal function, and functions based upon endogenous opiate receptors; 4) There is a clear need to focus 
neuroendocrine studies on functions of the pineal gland and related pituitary hormones and to establish the validity of reported responses 
to magnetic field exposures. Because of the uncertain relevance of rodent pineal function to humans, clearly focused tests of field 
exposures in humans are favored. Some clues as to potential underlying mechanisms may be gathered by comparing responses to 60 Hz 
magnetic fields with dc magnetic fields, and 5) The rationale for pursuing studies of neurotransmission at this time is limited by the 
absence of specific neuroanatomic sites or functions known to be responsive to either electric or magnetic fields. However, investigation 
of leads based upon hypothesized reductions in the sensitivity of G protein-linked receptors is of interest. The rationale and research 
assessment supporting these conclusions and recommendations will be presented at the meeting. 
This review was supported by the Electric Power Research Institute (Research Project 2965-26) and by Bailey Research Associates. 
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I EXPOSURE SYSTEMS AND CONTROLS 1 
Ip-1841 
EXPOSUaE ARRANGEMENT TO BE USED IN STUDYING THE ROLE OF RANDOMLY VARIED (RMS) POWER 
FREQUENCY MAGNETIC FIELDS AS A LEUKEMIA PROMOTER. P.H. Pretoriusl and L. de Jager2. Eskom Technology 
Research and Investigations, Johannesburg, South Africa. 2University of the Orange Free State, Department of Anatomy and Cell 
Morphology, Bloemfontein, South Africa. 

Present research on the biological effects of power frequency magnetic fields suggests that these fields may play a promoting role in 
leukemia development. The University of the Orange Free State is presently preparing a double blind study to test the following 
hypothesis: Long term exposure to power line magnetic fields accelerate the time of onset and/or increase the incidence of leukemia in a 
group of mice that are leukemia prone. Three generations of both male and female mice (AKR) will be studied from conception to adult 
age under Controlled laboratory conditions. The mice will be exposed, 24h per day, to a (rms) magnetic field, randomly varying betw n 
0,5pT and 77pT with an average of 2,75pT. The elliptically polarized magnetic field is generated by two sets of four square coils eachv], 
configured perpendicularly to each other. Field uniformity is within 0,296 in the center of the coil arrangement. The rationale behind the 
exposure levels o be used is as follows: 
(1) Feychting[2f conducted a study "to test the hypothesis that exposure to magnetic fields of the type generated by high voltage power 
l i e s  increases cancer incidence". The historical fields were calculated from the average load for the relevant year. It was shown that the 
relative risk for leukemia "increases over the two exposure levels and that is estimated at 2,7 (95% CI: 1,O - 6,3) for 0,2 WT or higher". The 
results of the study provided "support for the hypothesis that exposure to magnetic fields increase the risk of cancer" and it was "most 
evident in childhood leukemia". The precise aspect of the field that might be involved, however, remains unclear. This particular study 
greatly enhanced awareness of the topic and strengthened the suggestion for an associated risk believed to be involved with exposure to 
magnetic fields. 
(2) From a simulation of typical loads on ESKOM* power lines in the range 88kV to 400kV. the maximum average magnetic fields within 
5Om from these lines, were demonstrated to be of the order of 7pT. 
(3) 24h and spot measurements inside the laboratory to be used for the study, yielded the background magnetic field to be <0,2 pT. As 
mice will be used, a magnetic field scaling factor of 1 1 has been introduced. The lower magnetic field exposure level, with a margin of 0.3 
pT, is 0,5 pT. The nns magnetic field used for the exposed group will thus randomly vary between 0,5pT and 77pT (7pT x 11) with an 
average of 2,75pT (0,25pT x 11). Field values are randomly generated and exposure is controlled by a personal computer (Pa .  Current 
supplied to the coil arrangement is controlled by the PC via a stepper motor and variable transformer. The system allows 3 minute 
intervals before changing to the next field level, thus, allowing a maximum rate of change of 0,43pT/s. Ambient temperature, light 
intensity inside the animal cages, humidity and air flow will be monitored and controlled. Temperature differences, coil vibration and 
audible noise, that may be introduced by the exposure arrangements, will be the same for both the exposed and shamexposed groups. The 
light dark cycle will be controlled (l2h light, 12h dark) and the mice will also be examined for pineal function. The intensity of the earth's 
magnetic field inside the laboratory is 31 pT. The exposure arrangements will be positioned in such a way that the plane of the elliptically 
polarized magnetic field will be perpendicular to the horizontal component of the earth's magnetic field. The system described can 
generate magnetic fields up to 1 mT and allows housing for up to 120 animals, should it be required for future studies. 
*Major Electric Utility in South Africa. 
111 Kirschvink, J L, Uniform Magnetic Fields and Double Wrapped Coil Systems: Improved Techniques for the Design of 
Bioelectromagnetic Experiments, Bioelectromagnetics, 13: 401 - 41 1,1992. 
[2] Feychting, M, et al, Magnetic Fields and Cancer in People Residing near Swedish High Voltage Power Lines, IMM-rapport 6/02, 
Institutet for miljomedicin, Karolinska institute6 Stockholm 1992. 
ESKOM, the Bloemfontein Municipality and the Medical Research Council are acknowledged for their support. 

LP-186 1 
THREE EXPOSURE SYSTEMS FOR GENERATING 837 MHZ DIGITAL CELLULAR TELEPHONE RF FIELDS. R.A. Jones, 
J.L. Olivares*, A.R. Sheppard and W.R. Adey. JL. Pettis Memorid Veterans Medical Center, Loma Linda, CA 92357 USA. 

We have constructed three systems for in vitro and in vivo exposures to 837 MHz RF fields similar to those generated by handheld cellular 
telephones conforming to the North American digital cellular telephone standard. The uansmit:ers upon which these systems are based 
utilize a timedomain multiple access (TDMA) protocol where the 7c/4 DQPSK-modulated carrier is on for one-third of each 20 ms frame. 
All power densities given below are time-averaged (RMS) values. Power density averaged over the 6.67 ms period during which the 
carrier is on would be three times these values. The in vitro system consists of TEM-mode transmission-line cell# (Instruments for 
Industry, Model CC-1 10s) powered by a prototype TDMA transmitter (Motorola Corp.). Tissueculture conditions (37 C, 5% C02 in air) 
were maintained by placing the TEM cells in standard incubators (Napco, model 4300). A 5.1 cm circular vent covered by bronze screen 
in each TEM cell allowed free gas exchange. In each cell the standard Delrin@ septum standoffs were replaced with Teflon@ to eliminate 
the liberation of formaldehyde into the cell interior. Unpowered TEM cells were u lized for simultaneous sham exposures. Experiments 

attenuators or a liear amplsier (Microwave Power Equipment, Model PAS-53-0-800/1000) as necessary. For the in vitro studies, the RF 
field was applied to the cultures in a repeating cycle of 20 minutes on, 20 minutes off. Forward RF power was constantly recorded. We 
are also conducting an in vivo study with Fisher 344 rats to test the hypothesis that exposure to TDMA RF fields can promote CNS 
tumors initiated by in utero exposure to the carcinogen ethylnitrosourea (ENU). The subjects were exposed to the RF field in utero 
(starting on the 19th day of gestation), during the postnatal period, and as adults. A far-field system was used during the time before the 
subjects were old enough to be handled and placed in individual restraints. In this system the subjects were exposed along with the 
mothers in their home cages at the aperture of a tapered horn 4.2 m long with a square aperture 2 m on a side. It was excited by a 
prototype TDMA transmitter and linear power amplifier (MPE, as above) driving an antenna consisting of two perpendicular dipole 
elements in quadrature. This arrangement provided a circularly ylarized wavefront with reasonably uniform power density. Mean power 
density over the region occupied by the subjects is 2.1 mW/cm (RMS). The RF field is sampled by a dipole antenna located near the 

were conducted at power densities of 37 pW/cmZ, 0.37 mW/cm2, and 3.7 mW/cm 2 . Power levels were adjusted by the addition of eithex 
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subject cages and recorded during exposures. Sham far-field exposures take place simultaneously in a second horn, identical to the first 
except that the tapered section is truncated due to facility space limitations. After weaning, the subjects are exposed in a near-field 
environment produced by the second in vivo exposure system. I n this system each subject is placed in a tubular plastic restraint. Ten such 
tubes are arranged radially around a vertical sleeved-dipole antenna (Motorola Corp). Several restraint sizes are available and each 
restraint can be adjusted radially (head position 5-7 an from the antenna) to maintain the desired SAR as the animal grows. Twelve radial 
groups allow exposing 120 subjects simultaneously, 60 RFexposed, and 60 sham-exposed. The near-field exposure systems are identical 
except that the shams (located in a separate room) are not powered. Excitation provided by a prototype TDMA transmitter and a linear 
power ampliier (MPE, as above) is routed through power splitters to six antennas. Power input to each antenna was set to 850 mW RMS 
based on SAR modeliig. Gentle forced-& ventilation is provided. Exposing two groups per day allows a total of 240 subjects. In both in 
vivo systems, exposures are for two hours per day, four days per week with field applied in a repeating cycle of 7.5 minutes on, 7.5 minutes 
off. Room temperature and humidity are recorded at all times and forward RF power is recorded during exposures. 

DESIGN, CONSTRUCTION, VALIDATION, AND OPERATION OF A DEDICATED MAGNETIC FIELD ANIMAL 
EXPOSURE FACILITY. J.R. Gauger, T.R. Johnson*, D.A. Williams* and D.L. McCormick. IIT Research Institute, Chicago, IL 60616 
USA. 

A magnetic field exposure facility has been constructed at IIT Research Institute in which a series of studies is being conducted to evaluate 
the toxicology and carcinogenicity of 60 Hz magnetic fields in rats and mice. This controlled access facility measures approximately 
21,000 square feet, is organized on an access/retum dual corridor system, and can house more than 2,000 animals in magnetic field 
exposure modules. The facility is located in an area of low background 60 Hz fields, and is constructed almost exclusively of non-ferrous 
and nonconducting materials. Custom animal racks have been designed and fabricated of fiberglass; animals are housed in polycarbonate 
cages. All mechanical and electrical equipment is located remotely from animal exposure rooms to ensure that no stray fields are 
generated within the exposure arrays, and to preclude interference with experimentally generated fields. The facility contains five identical 
animal exposure rooms; within each room, a magnetic field exposure module (Electric Research and Management, Pittsburgh, PA) is 
positioned in the same location in relation to building steel, doors, walls, lighting, and ventilation hardware. Ambient 60 Hz fields in all 
exposure rooms are below 0.75 mG, and DC fields have been extensively mapped. Room size, configuration, and the location of exposure 
modules were designed to reduce magnetic field cross-talk between adjacent exposure rooms to below 1 mG. During facility operation, 
stray fields in occupied areas of the building outside of the facility are below 1 mG; access to areas of the facility where higher fields are 
present is prevented by a door interlock system that automatically deenergizes modules should an access door be opened during periods of 
module operation. Magnetic fields, temperature, relative humidity, light intensity, noise level, vibration, and air flow in all animal holding 
areas of the facility are monitored continuously, and are tightly controlled. Field strengths at exposure levels between 20 mG and 10 G are 
controlled to 39%. Field uniformity in the exposure volume in which animals are housed is *lo%; a systemic program of cage, rack, and 
room rotation has been developed to control for possible positional effects within the exposure module system. The facility has a fully 
redundant power supply, with UPS power backup to critical systems. In addition to animal exposure rooms, the facility includes an 
electronics control room, animal necropsy laboratory, cage wash area, and support space. Operation of the facility was validated prior to 
the initiation of toxicology studies during a two-week pilot study in which 1200 rats and mice were exposed to magnetic fields for 18.5 
hours per day. 
(Supported by contract NO1-ES-25351 from the National Toxicology Program, National Institute of Environmental Health Sciences) 

IP-1881 

Ip-19oj 
A MAGNETIC RESONANCE MONITOR. J.D. Bowman. National Institute for Occupational Safety and Health, Cincinnati, OH 
45226 USA. 

An instrument has been designed and built to measure combinations of static and extremely low frequency (ELF) magnetic fields which 
may be affecting biological processes by resonance interactions with the body. Laboratory and epidemiological evidence have suggested 
that biological effects, including leukemia in children, may result from resonances between biological magnetic moments and 
environmental magnetic fields. By fitting equations for hypothesized magnetic resonance mechanisms to the exposures which are reported 
to affect biologic processes such as calcium transport and diatom mobility, resonant combinations of static and ELF magnetic fields have 
been identified. The parametric resonance mechanism proposed by V.V. Lednev is due to an ELF field at cyclotron resonance frequency 
with spatial orientation parallel to the static field vector. The optical double resonance mechanism is due to fields with the Larmour 
frequency (half the cyclotron frequency) and circular polarization which is rotating perpendicular to the static field vector with plus 
helicity. Resonant frequencies depend on the magnitude of the static magnetic field Bo through the gyromagnetic equation: oo = 2nf0 = n 
y Bo where n is the harmonic number and y is the gyromagnetic ratio for the mechanism. To investigate whether these mechanisms may 
account for the reported associations between ELF magnetic fields and adverse health effects, an instrument is being developed to measure 
exposure to magnetic resonanc conditions directly. A prototype of the magnetic resonance monitor has been developed by special 
programming for the Multiwaveh System 11 (Electric Research and Management, Inc., State College, PA USA). The Multiwave I1 has a 
three-dimensional fluxgate magnetometer probe to measure the static and ELF magnetic fields simultaneously. Fast Fourier Transform 
(FFT) software determines the magnetic field's magnitude and phase spectra as a function of frequency. In the magnetic resonance 
program, the resonant frequencies are selected with a digital bandpass filter whose central frequency fo obeys the gyromagnetic equation 
with the n, 7, and bandwidth parameters for the selected mechanism. At the frequencies which pass through this gyromagnetic filter, the 
monitor next determines the two spatial components of ELF field which can produce resonances (parallel to the static field for parametric 
resonances and perpendicular with plus helicity for double resonances). From these quantities, the monitor calculates the resonance yield, 
which is defined as the percent change predicted by the hypothesized mechanism in a molecular or biological property due to the measured 
magnetic field exposure. With the magnetic resonance program, the Multiwave I1 reads out the resonance yield directly and stores the 
value in a data logger for subsequent analysis. The prototype instrument can take personal or area measurements of resonance yields from 
three hypothesized mechanisms in magnetic fields with frequencies 0 - 3 kHz, static field magnitudes 0.25 - 500 pT and ELF magnitudes 
0.002 - 350 PT rm~. 
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1-1 
LOW FREQUENCY TWO-AXIS MAGNETIC EXPOSURE SYSTEM FOR INVESTIGATING IN VZTRO GENE 

TN 37209-1561 USA. 
TRANSCRIPTION STUDIES. R. Shahidah*, C. Caudle and E.L. Myles*. Tennessee Stqte University. Biological Sciences, Nashville, 

The two-axis ELF magnetic field source manufactured by Walker Scientific is capable of producing both dc and up to 500 Hz ac magnetic 
fields. The vertical field is produced by two circular coils in a classical Helmholtz configuration. The coils are separated by a distance of 
10 inches and the outer diameter is 24.875 inches. To produce a horizontal field, the outer coils are of square configuration with an 11.75 
inch separation and a 28.125 inch outside perimeter. A magnetic field up to 19.9 gauss can be obtained with 25 amps of current. The 
Helmholtz coil is energized by a Kepco programmable single channel power supply. With the addition of a two-channel supply, a 
circularly polarized magnetic field would be realized. A hall effect magnetometer probe (F. W. Bell Model STF99-0402) in conjunction 
with a F.W. Bell 9900 series gaussmeter is used to monitor the magnetic field produced. The 9900 series gaussmeter is a 3-channel 
programmable device which can be controlled through a RS232 or an IEEE-488 interface via a computer. Mapping of the whole room is 
currently being conducted including the inside of the incubator. Mapping includes the intensity, orientation of the static field and, for the 
ac field, the frequency characteristics. The harmonic contents in the waveform will be minimized. An extra switch which will enable only 
the engineer to activate the field for a double blind experiment will be realized. 
This work is supported by NM Grant # G12-RR03033 

p q  
A COMPUTER-CONTROLLED MULTI-MODE MAGNETIC FIELD EXPOSURE SYSTEM. B.W. Wilsonl, N. m e i e r l ,  J.D. 
gaffer'. M.A. Stuchly2, K. Caputa2, M.A. Wilson3 and C. Washam3. lPacific Northwest Laboratory, Richland, WA 99352 USA. 
University of Victoria, Victoria, B.C. Canada. 3Columbia Magnetics Incorporated, Kennewick, WA 99337 USA. 

Paramount among the early goals of the recent initiative in EMF health effects research in the USA is the replication among different 
laboratories of key findings regarding the biological effects of extremely low frequency magnetic field exposure. The replication issue has 
underscored the need for standardized magnetic field exposure systems that can be operated so as to support true double blind exposure 
protocols, and which allow a great deal of flexibility in the kinds of exposures that are generated. Such flexibility might include capability 
to use linearly or circularly polarized magnetic fields in a variety of waveforms and over a wide frequency range, to cancel out any ambient 
a s .  magnetic fields, and to control the static field during ax. field exposures. Coils in these systems should provide uniform and 
reproducible exposures over a wide range of flux densities, should be double wound, so as to be capable of operating with current flow 
while producing no net magnetic field in the exposure area, and should provide good field uniformity with negligible vibration, hum, and 
heating. Exposure systems require less laboratory space, and are hence more efficient, if they are designed to limit their own stray fields. 
Other features that would improve the applicability of such systems includes portability and washability. Using previously described 
enclosedcoil fabrication methods, twisted pair bifilary coil windings techniques, and concentric (Merritt set) coil design with auxili 
Helmholtz coils, we have developed a commercially available in vifro exposure system that under computer control, using LabVIEW 
interface software and hardware, is capable of providing all of the performance features listed above. Concentric coil designs greatly limit 
stray fields and when wound with multiple circuits they can, under computer control, establish and maintain a variety of magnetic field 
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Figure 1. Schematic showing a typical layout for a computer-controlled concentriccoil magnetic field exposure system for use in in vitro 
experiments. 
Work supported by the U.S. Department of Energy, Office of Energy Management under contract DOE-Am-76RLO 1830. 
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METHODS OF MEASUREMENTS AND CONTROL OF HELMHOLTZ COIL'S OF EXPERIMENTAL DESIGN. J. Alvarez- 
Ude', MaL. Picazo2, J, Alpuenta3, M.A. hposol ,  M. Bet s4, Ma.D. Catalas and J.L. Bardasano6. 'Dpto. e Fisica, Escuela Universitaria 
Politecnica @UP), Univ. de Alcala de Henares (UAH). 5 Dpto. de Biologia Celular y Genetica, UA 9. kpto de Teoria de la Senal y 
Comunicaciones, EUP, UAH. 4Dpt0. de Fisiologia y Fannacologia, Facultad de Medicina, UAH. Dpto. de Fisiologia, Faculted de 
M e d i c a  Univ. de Valencia. b p t o .  de Especialidades Medicas, Facultad de Medicina, UAH, Spain. 

In this experimental method we dispose of two almost flat circular coils 0,375 m of radius, in parallel with a common axis and separated 
0,375 m of distance in the vertical plane, forming as a whole one system of Helmholtz's coils. Each coil is formed by 220 turns of thin 
wire of copper (0.12 mm diameter). The coils are series-wound connected to a supply system of sinusoidal intensity of 50 Hz (designed by 
the B.I.A.S.C.) and calibrated with control reference coils from, direct current (CC) in the Politechnical University School @UP) of UAH. 
The calibration of bobbins was done "in situ" taking the value of the magnetic field in the center of area of Helmholtz, with the axis of 
coils in North-South direction, using three different magnetometers: Emdex, RFL-912 and Combinova-MFM-10. For values in the supply 
system of coils less than 10 mA the RFL magnetometer (of effect Hall) only gives the direct component of the earthly magnetic field. This 
component is added to all measurements done in alternating fields. Therefore this magnetometer is not useful for alternating fields of its 
order of value or even less than the magnetic field of Earth. Because that we decided to do the measurements of magnetic fields with the 
coils in the Helmholtz zone using an induction magnetometer, which do not measures the direct component, Combinova-MFM-10. For the 
valuations of the currents of less than 120 mA, we designed a variable supply system calibrated as in the above example. During the 
experimental conditions the axle of the coils was oriented to the East-West direction, in order to be sure that the field created was 
perpendicular to the Earth magnetic field. The performance of the Comblnova magnetometer to the applied current was studied in this 
position, facing up to their values with a magnetometer Emdex. Once the results had been adjusted, we found a linear correlation of 
r=0,9999946, indicating the linear performance of the system. Finally, an external magnetic field of 50 Hz. 15 pT of rms value was 
applied, ontrastes with a ma netometer Emdex. For a magnetic field of B=15 pT, the resultant field in between the coils is B(C1T) = 
[Be2+B$sin2(l00ntl1R = [B!)+450sin2(100ntl1n, (B being the instant value of the resultant field and Bebeing the Earth magnetic field 
in the experimental zone which is approximately 44 pT). The described methods are included in the study on the possible effect of 
electromagnetic fields on animal reproduction and carcinogenesis. 
Acknowledgements: 
The authors acknowledge AMYS-UNESAs support of this research (GRANT Nr. 134039). 
BIBLIOGRAPHY: 
Picazo, Ma.L., Vallejo, D. and Bardasano, J.L..- An Introduction to the Study of ELF Magnetic Field Effects on White Blood in Mice.- 
Electro-and Magnetobiology, 13( 1). 77-84 (1994). 
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Ip-1981 
CELL CULTURE INCUBATORS, ELF FIELDS, AND IMPORTANT CONSIDERATIONS FOR CELL CULTURE EXPOSURE 
AND PROPAGATION: AN EXPOSURE SYSTEM FOR IN VITRO BIOELECTROMAGNETICS RESEARCH. R.P. Liburdy. 
Dept. Cell 8z Molecular Biology, Life Science Division, Lawrence Berkeley Laboratory, UC Berkeley, CA 94720 USA. 

Virtually all in vitro experimentation in bioelectromagnetics employing cellular model systems is carried out using standard commercial 
cell culture incubators to provide a constant temperature and humidity environment. These incubators can generate significantly 
heterogenous ELF and DC magnetic fields. This poses two serious problems: (1) how to expose cells to a uniform magnetic field during 
cell culture experiments, and (2) how to maintain and propagate cells long-term in cell culture for use in experiments. We have recently 
addressed both of these questions because of a need to establish a low-intensity, well-characterized magnetic field environment for 
exposure and for propagation of cells in culture. Presented here are good laboratory practice rules we have developed for a low-cost 
approach to establishing environmental-level ELF and DC magnetic fields for exposureiyropagation of cells in culture using virtually any 
existing commercial incubator. Of major importance, and which we emphasize here, is that it is critical to provide a well-characterized 
ELF and DC magnetic field environment for the growth and maintenance of cells in culture that are subsequently used in 
bioelectomagnetic research studies. In our approach to establish the largest uniform exposure area possible for the exposure of cells inside 
commercial incubators (20x20~20 in.) we recommend the 4-square Memtt coil for use in incubators [I]; this design provides for better 
than 98% field uniformity in a large space encompassed by the coil. We employed a commercially available plastic crate (-13x13~13 in.) 
and standard speaker wire and wrapped the doublecable speaker wire to give a double-wound coil (26/11/11/M turns ratio, 174, 6.57 
mH). This enables the experimenter to perform simultaneous double-blinded studies [ 1.21. Field generation is continuously monitored by 
measuring coil current without opening the incubator door (337uA/mG)(see below). Commercial incubators generate time-varying 
magnetic fields associated with the operation of the gas valves, heating elements, fans (if present), and other electronic components. In 
addition, internal DC magnetic fields are non-uniform within incubators. Three dimensional plots of field intensities indicate field 
intensity can vary by an order of magnitude within incubators. In addition, field heterogeneity is time dependent since opening of the 
incubator door triggers dB/dt fields during C02 injection cycles and 60/50 Hz fields during activation of heating elements. It is therefore 
critical to eliminate these endogenous magnetic fields. Several approaches are possible [e.g., 31, and the most economical and best 
dosimetric solution is to employ a ventilated, mu-metal box chamber [16xl6x16 in.; four comer holes (0.75 in. dia., 1.50 in. ext. tube) on 
the top and the bottom surfaces] placed inside of an existing incubator to eliminate spurious magnetic fields within the incubator (10.1 mG 
ELF, 5.0.1 mG DC)[Co-Nectic AA Foil, 0.254 in. thick, butt-sealed, post-hydrogen annealed, Magnetic Shield Corporation, Perfection 
Mica Co., Bensenville. IL, USA]. Our Merritt coil is positioned within this mu-metal chamber which has a hinged, latched door for easy 
enny; temperature is continuously monitored via a miniature probe inserted through a ventilation hole and positioned at the location of cell 
culture plates. This approach permits an existing cell culture incubator to be converted at reasonable cost into a well-characterized ELF 
and DC magnetic field environment for bioelectromagnetic studies. The above considerations are critical for questions of reproducibility 
both within laboratories and between laboratories. This system is recommended for experimental field exposures and, importantly, for the 
maintenance and propagation of cells to be employed in bioelectromagnetic studies. 
[ll R.P. Liburdy. et al. (1993) J. Pineal Research 14: 89-97. 
121 J.L Kirschvink (1992) Bioelectromagnetics 13: 40141 1. 
I31 B. Wilson et al. (1993) D.O.E. Annual Review, Savannah, GE, 31 Oct - 4 Nov, Abst. P-43. 
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Support provided in part by the Office of Energy Management, Utilities Systems Division, the Office of Health and Environmental 
Research, U.S. Department of Energy under contract DE-AC03-765F00098, and the NIH under Grant CA53711 from the NCI. 

Lp-2001 
A COMPUTER CONTROLLED MAGNETIC FIELD WAVEFORM EXPOSURE SYSTEM. G.B. Rauchl, F. Dietrich*2 and C. 
Rafferty3. lElectric Research and Management, Inc., Felton, CA 95018 USA. 2Electric Research and Management, Inc., Pittsburgh, PA 
15238 USA. 3Electric Power Research Institute, Palo Alto, CA 94304 USA. 

Preliminary studies of melatonin production in rodents at the University of Texas Health Science Center in San Antonio indicated apparent 
hormonal changes as a result of exposure to rapid reversal of the earth's magnetic field. Since the researchers were aware that application 
and removal of the magnetic field within the exposure apparatus was not well controlled or documented, the Electric Power Research 
Institute 0 sponsored the development of a computer controlled exposure system. The goal was to develop an operator selectable 
waveform paradigm which the computer would generate and energize the magnetic field coils through appropriate interfaces and 
amplifiers. The coil structure was designed to permit uniform exposure (+/-5 percent) of four cages, each holding up to eight 20 gram 
animals. The maximum time varying field magnitude is 20 Gauss and the dc (static) maximum magnitude is 5 Gauss. The four coils used 
to generate the magnetic field were bifilar wound. Thus, the coils can be connected in series, parallel, or series bucking. The parallel 
mode is used for higher frequencies. In series bucking, the magnetic field from one winding cancels the field from the other winding. 
Using series bucking, a sham exposure is achieved with temperature rise, caused by current in the coils, held the same as the exposed. The 
software that controls the exposure system is menu driven and controls all exposure parameters. Ramp Up/Down waveforms with one 
millisecond (ms) to one second (s) rise and fall times can be generated. An example of exponential waveforms can also be produced as 
shown in Figure 1. Rise and fall time constants can vary between one ms and 250 ms. The ramp and exponential waveforms allow for 
systematic control of magnetic field transients. The rise and fall times, as well as the high and low times are selected by the exposure 
system operator. The software driven controller allows a wide range of magnetic field waveforms to be produced. As an example, 
sawtooth waveforms with 1 ms to 1 s rise and fall rimes are available. The f d  waveform is sinusoidal with a frequency range of 1 Hz to 
800 Hz. The results of the experiment are automatically saved to a file and can be printed for reporting purposes. The resulting file 
contains all of the experimental parameters, including the energized room number and a completion indication. 
This work was supported by the Electric Power Research Institute. 
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Figure 1. Sample magnetic field waveform with rise and fall times shaped to fit an exponential function. 

(p-2021 
TRANSIENT MAGNETIC FIELD WAVEFORM CAPTURE BY THE MULTM'AVETM SYSTEM. G.B. Rauchl, W. ash** and 
R. L ~ r d a n * ~ *  lElectric Research and Management, Inc., Felton, CA 95018 USA. 2Electric Research and Management, Inc., State 
College, PA 16804 USA. 3Electric Power Research Institute, Palo Alto, CA 94304 USA. 

Although questions exist as to whether and to what extent transient magnetic fields are biologically signifcant, a lack of data concerning 
the nature of magnetic transients has hindered the progress of determining a potential significance. With some scientific consensus that, to 
be of biological interest, the frequency range of interest for lransient field events lies below lOO-kHz, the goal of this project was to 
develop a cost effective multiple channel transient magnetic fi Id waveform capture system (TCS) around a 100-kHz target frequency 
response. A prototype TCS was added to an EPRI MultiWoveTdmagnetic field waveform capture system. The TCS included an interface 
with existing operating and analysis software. The prototype system was designed to operate either with or without the steady-state 
waveform capture system functions. Transient waveform sampling frequencies were selected to range from 800-Hz to 204-kHz. Anti- 
aliasing filters were incorporated that were programmable from 400-Hz to 102-kH2 in 400-Hz increments. This broad range allowed 
transients to be captured at frequencies up to 100 kilohertz. Three channels of transient data recording were made available, with each 
channel capable of taking 333 kilosamples. Pre-trigger and post-trigger portions could be set to any length greater than one sample per 
channel. A maximum total record time @re-trigger plus post-trigger) was 3.3 seconds for a 1OO-kHz sampling frequency per channel. A 
tri-axial air core cube-type induction coil sensor approximately 3.0 centimeters on each side with 24-Hz to 300-kHz bandwidth was 
selected for the TCS. A threechannel electronic integrator converted the cube dF3idt output to B field measurements. ManuaIly selectable 
gain settings at the integrator allowed the sensor to accommodate flux densities in steps of 2,20 or 200 gauss peak. The operation of the 
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prototype TCS was verified by the use of steady-state magnetic fields, artificially-generated transient magnetic fields, and transient 
magnetic fields generated by a 1/4-inch electric drill with commutator. A transient produced by a small electric handheld drill was 
captured by the TCS as shown in Figure 1. 
This work was supported by the Electric Power Research Institute. 

Figure 1. One axis of the magnetic field 1.5 cm from the surface of a small handheld drill. 

I SENSORS IN BIOELECTROMAGNETICS I 
Ip-2041 
THE CONCEPT OF ELECTROMAGNETIC BIOEFFECTOMETRY. I. Jerman*l, A. Jeglic*2, V. Kustor*l, R. Ruzic*l, D. Fefer*2 
and D. Miklavcic*. 'Institute for Bioelectromagnetics and Environment, IBEMA, 61000 Ljubljana, Slovenia. 2Faculty of Elecmcal and 
Computer Engineering, University of Ljubljana, 61000 Ljubljana, Slovenia. 

In bioelectromagnetics the true mechanisms responsible for the discovered sensitivity of organisms to various electromagnetic fields 
(EMF) are as yet unknown. Even if there is a huge amount of data conceming the biological effects of low-intensity EMF on one side and 
a lot of knowledge conceming EM properties of biological tissue on the other no one as yet clearly sees the causal connections (i.e. exact 
mechanisms) between influencing EMF and living systems. This is the main reason why standards for protection from EMF are still 
mainly based on thermic effects. One of the possibilities to come closer to the foundation of more suitable standards is to develop, 
theoretically as well as practically, a new measuring technology based on living systems. Thus, besides measurements with technical 
devices, which will give .us physical parameters of the influencing fields, we shall measure them also biologically in some general way. 
The biological system will thus function as a biological sensor system (BSS) for detecting low intensity EMF. The standardised system of 
such measurements could be called the system for EM bioeffectometry. The main problems arising before the foundation of such system 
are as follows: good biological knowledge of organisms included into BSS, comprehensive statistical evaluation of BSS in normal EM 
environment, an identification of relevant biological parameters to be measured in BSS, the proper identification of the dose of EMF and 
knowledge of (normal) environmental EM fields. Each of these problems needs specific consideration. As fax as BSS is concerned, we 
must know its biological rhythms, its behaviour at different (EMF excluded) environmental factors. Biological systems are very 
heterogeneous and also highly variable and must thus be calibrated differently as technical measuring devices. Since many EMF have 
effects only if organisms axe in a stress situation, we should explore normal BSSs and BSSs under different stress conditions. The 
definition of dose is also complicated: besides shape and intensity the relevant parameters are also: the time of non-interrupted exposition, 
the rhythm of expositions through a day, a month through or a year, and the orientation of the influencing fields. It is very important to 
decide at what level or repetition of statistically significant differences between the influenced and the non-influenced groups of BSS shall 
we acknowledge the biological effect. To put all these ideas into practice we are trying to develop such biological sensor system composed 
of germinating spruce seeds, since they have proved to be quite sensitive to different EMF. 

HOMOGENEOUS DIELECTRIC MEASUREMENT USING AN OPEN-ENDED COAXIAL LINE COATING WITH PLASTIC 
FILM AS A SENSOR. G. Chen*, K. Li*, and 2. Ji*. Shandong University, Department of Electronics, Jinan, Shandong, P.R. China 
250100. 

The conventional measurement technique of homogeneous dielectric in vivo by using an open-ended coaxial line sensor has been applied 
extensively to the several lossy material, especially to the biological tissue even alive ones. Some shortcomings in this method are that the 
open-ended coaxial line sensor is not readily pushed into good contact with the solid material when the solid dielectric measurement is 
required. and the surface of the line can cause the chemical reaction by the reference or test liquids. An open-ended coaxial line coating 
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with plastic film can be used as a new sensor for homogeneous dielectric measurement, as the bilayered dielectric measurement technique 
is employed and then the plastic film and the measuring material are taken for the first layer and the second layer, respectively. In this 
measurement procedure, the thickness and permittivity of the plastic film as the first layer is always certain, it means that the difference in 
the reflection coefficients of the sensor depends only on the change in the homogeneous materials as the second layer. The permittivity of 
the material to be measured can be found directly from the measured reflection coefficients without knowledge of the thickness and 
permittivity of the plastic film as well as the equivalent circuit parameters of the sensor Cf,Co etc. The measurement system, procedure 
and results by using the open-ended coaxial line coating with plastic film as a sensor are almost the same as that in the conventional case 
by using an open-ended coaxial line sensor. Three reference liquids should be used as the calibration standards, due to a lack of the short 
circuit condition for the line coating with plastic film. The homogeneous dielectric measurement system by using this new sensor can 
readily perform accurate measurement of the solid material because the line coating with plastic film may be used to ensure good sensor- 
solid material softantact under slight press. Other advantages are that the new sensor can prevent the liquid under measurement from 
CMTOding the surface of the line and from permeating into the gap between the teflon and metal walls of the line. When the thickness of 
the plastic film is less than 0.2 mm, the measurement results in two cases are quite agrw in 0.5 to 2.6 GHz. 

Ip-2081 
EXPERIMENTAL SETUP FOR CONDUCTIVITY MEASUREMENTS AT RADIOFREQUENCIES IN BIOLOGICAL 
SAMPLES. G.F. Mari tti*l, A. Polichetti*l, R. Pozzi*l, P. Vecchia*l and A. Bonincontro*2. lLaboratono di Fisica, Istituto Superiore 

Conductivity measurements are a very interesting experimental approach to investigate on biological samples their intrinsic properties as 
well as the effects of physical and chemical treatments. In some circumstances such measurements should be done in a very short time 
lapse, on volumes of the sample as small as possible, in a large frequency range and without perturbing the sample. A new experimental 
setup developed in our laboratories seems to fit most of these requirements. It consists of a Hewlett-Packard Network Analyzer model 
4195A, which. by means of the measurement of the S11 parameter. provides directly the complex impedance value of the device under test. 
The frequency range of the instrument is 10 Hz - 500 MHz. Up to 401  data points (impedance in module and phase at various frequencies) 
can be obtained in a 2 s single sweep in the range 3 kHz - 500 MHz with a precision of I x ~ O - ~  when measuring a 50 52 impedance. A 
crucial pan of the system is the measuring cell. In our case it consists of a circular cylindrical guide, of 7 mm diameter. The cell behaves 
as a waveguide whose lowest cut-off frequency is approximately 25 GHz, well beyond our range of frequencies, and therefore only the 
stray fields of the trausmission line-waveguide transition are used. The cell. which constitutes also the sample holder. must be filled with a 
0.5 ml of the sample under investigation to minimize the value of the evanescent field at the interface sample-air. The experimental data 
are recorded by an Apple Macintosh I1 and transferred to a DEC-VAX 6410 for their processing. The system cell + sample. schematized 
as a lumped-constant network, is resolved in its components from which we can derive the conductivity of the sample by means of a 
specific software. A very important step in the setting-up of the system is its calibration, which has been obtained by measuring various 
water solutions of Nacl at different concentrations (conductivities). and has been verified on a PBS sample. The errors in the conductivity 
measurements are estimated to be within 2% in the range 60 kHz - 500 MHz. The cell + sample is thennostated within 0.1 OC, by means 
of a water jacket connected to a thermostat. Some treatments on the sample (e.g. heating) can be performed directly in the measuring cell 
so that changes in sample conductivity can be measured also during the treatment. A test of the whole system has been carried out by 
means of a Series of measurements on cell suspensions of Chinese Hamster fibroblasts at 20 OC at pH 7.3. In a suspension these cells have 
a spherical shape and exhibit a dielectric relaxation, the well known B-dispersion. The experimental curves of conductivity vs. frequency 
we obtained are in excellent agreement with those obtained in previous measurements carried out by means of two impedance analyzers. 
The ColeCole and Debye theoretical relaxation curves have been used to fit the experimental data to obtain the &dispersion parameters. 

di Sanita, Rome, Italy. 1 Dipartimento di Fisica, Universita "La Sapienza", Rome, Italy. 

Ip-2101 
ELECTROMAGNETIC EMISSION OF MECHANICALLY ACTIVATED BLOOD. V.E. Orel, N.N. Dziarkovskaya, LN. Kadyuk 
and Y.I. Melnik. Physico-technical Laboratory, Ukrainian Research Institute of Oncology and Radiology, 252022 Kiev, Ukaine. 

Electromagnetic emission of mechanically activated blood (EEMAB) represents an effect of dissipation of mechanical energy into 
chemical and electric energy which is observed in mechanochemical reactions during tensities, deformation or friction of dried whole 
blood and accompanied by electromagnetic emissions, in particular in optical and radio ranges. This paper describes physicochemical 
principles and technical implementation of an instrument for generating and recording of EEMAB in the optical and radio ranges. 
The physico-chemical mechanism of EEMAB is based on gas discharge events and free radical processes initiated by the mechanical 
activation of dried blood. The above physicochemical principles were used in the design and manufacture of the sample instrument meant 
for the study of particular Properties of the spectral composition of EEMAB from cancer patients. 
The working principle of the instrument is based on triboelecmation and mechanical deformation with an electric probe applied to pre- 
dried whole blood on a cellulose carrier and simultaneous recording of the kinetics of optical and radio emission coming into existence as a 
result of baniff discharge in nitrogen between the electrified probe and grounded electrode using a photometer in the range of 200-650 nm 
and radioreceiver in the range of 0.1 Khz to 1 Mhz connected between a guiding electrode and ground. 
The findings obtained in the study of the spectral composition of EEMAB from patients with cancer (T~No-~Mo and T2-3N0-2Mo) of 
rectum, stomach, esophagus and cardia, lung compared to the control groups of patients with inflammatory gastrointestinal disease and 
healthy subjects suggest a potential for differential diagnosis of cancer and inflammatory pathologies using the above insment .  
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Ip-212- 
MEASURING SY TEM FOR STUDY OF MICROMAGNETIC PROPERTIES OF VARIOUS BIOLOGICAL SUBJECTS. J. 
Blaha*l, P. R i ~ k a * ~ ,  J. Podlesak*2 d J. Jerabek*3. lRS DYNAMICS, CZ-15200 Prague 5, Czech. 2Czech Technical University of 
Prague, CZ-16OOO Prague 6, Czech. gational Institute of Health, CZ-13OOO Prague 3, Czech. 

The research of the measuring method and/or technique and equipments for monitoring and mapping the micromagnetic behaviour of the 
biological subjects with a particular attention aimed to human applications not requiring any special magnetically quiet and/or shielded 
laboratory. The main research is currently dealing with new, multisensor measuring system that is able to register the interested values of 
magnetic field using newly developed flux-gate gradiometric sensors with extremely low level of internal noise and special correlation 
method of signal acquisition enabling the measurement below the ambient noise level. The basic philosophy is to create the sensor array 
that would be able to register the 2-D shape of magnetic gradient in one reading, suppressing thus the influence of external disturbances 
which could dramatically affect the result while scanning the subject by only one sensor. The external disturbances, caused in real 
situation by contribution of Earth's magnetic field variations and various industrial noise, produce also variations of 3-D magnetic gradient 
in the measuring space due to presence of various ambient ferromagnetic subjects. One-time-reading method effectively suppresses the 
influence of this effect. The special gradiometric flux-gate sensor based on the one long the elliptic core has two sensing winding with 
gradiometer base carefully optimalized to reach the best noise parameters versus the location of measured dipole and effective suppression 
of external homogeneous disturbances. The sensor features internal noise level below 60 pT and will be equipped by separate 
compensating coil for compensation of the main value of the Earth's magnetic field. There were measured the large set of samples of 
industrial dust collected at the working places with frequent occur of professional lung disease. In the most of cases, the value of magnetic 
remanence of the samples was very promising to allow monitoring of the lung's dusting by measuring 2-D magnetic gradient caused by 
respired dust particles. Among them we measured the sample from the coal mines - they were very remanent due to relatively high content 
of "steel aerosol". There were also measured the samples of dried lungs of dead coal miners who retires for many years - the magnetic 
remanence level was surprisingly low, practically touching the sensor detection limit. The reason is the activity of human lung which is 
able to remove many respired particles during the life. Very promising values features samples from asbestos factories due to presence of 
natural magnetite. Research and experiments to date indicates that there is a good chance to create multi-purpose measuring system the 
use of which include the branch of various biomagnetic studies, and also the specific tasks in human diagnostics. 

Ip-214) 
A THREE-AXIS PROBE FOR IN VIVO DOSIMETRY OF CURRENT INDUCED BY MAGNETIC FIELD. M. Bourdages and D- 
H. Nguyen. Institut de recherche d'Hydro-Quebec, Varennes, Quebec, Canada J3X 1S1. 

Magnetic fields induce very complex pattern of electric fields and currents inside every living organism. A three-axis probe has been 
developed to determine the spatial orientation and maximum value of the induced current at different critical locations inside small 
animals. Measurement of the current density is based on the principle that the probe measures the potential induced in a tissue rather than 
directly measuring the current density. The latter is deduced from the potential measurement and the specific tissue impedance. The 
design of the probe is based on the following criteria: 1) The probe must be as small as possible to facilitate implantation, reduce injury to 
tissues and allow small anatomical structures to be investigated; 2) The end of the probe must be very sharp to penetrate internal organs 
instead of sliding away from them; 3) For a given potential, the vectorial sum of the three axes must be constant for any probe orientation; 
4) The signal-to-noise ratio must be as high as possible. To reduce the size of the probe and facilitate implantation, we decided to locate 
electrodes not at the extremity of the probe but on the side, flush with the surface. This configuration has many advantages: the surface of 
the probe is very smooth, the tip can be very sharp, and the electrodes are less exposed to abrasion. On the other hand, it was not sure that 
this configuration would meet the third design criterion. To do so, the output of each axis of the probe must vary as a sinusoidal function 
with respect to the angle of rotation and the three axes must be orthogonal. The new configuration has been validated theoretically by 
means of a computer simulation and experimentally by the construction of a prototype probe. The body of this probe is a stainless steel 
tube 300 mm long and 1.83 mm in diameter. The tube provides good mechanical stiffness and electric shielding. It is insulated by an 
epoxy coating and the extremity is a sharp plastic point. Five electrodes (0.4 mm in diameter) have been placed on the side of the probe to 
create three orthogonal axes, one electrode shared by two axes. To reduce their impedance and, consequently, the electrical noise, the 
electrodes are surface-treated to form a Ag-AgC1 coating. They are connected by small Teflon-insulated flexible wires (gauge 0.15 mm 
OD) twisted to minimize magnetically induced noise. The probe has been tested in a calibration tank filled with salt water. The results 
confirmed the validity of the new configuration. The effect of the size of the electrodes and the distance to the end of the probe has been 
evaluated. Another important benefit of locating the electrodes on the side of the probe is a substantial increase in the output signal. The 
induced current is deviated by the probe and flows around it. As a xesult, there is an increase in the current density around the probe and 
the local potential is higher. Theoretically, with two electrodes 180 apart at the surface of a cylinder (x or y axis), the potential between 
electrodes increases by a factor of two. Practically, that means the equivalent electrical spacing is twice the diameter of the probe. This 
increase has been confirmed experimentally. However, if the electrodes are on the same side of the probe (z axis), there is no increase in 
the output signal. The signal picked up by the probe is very weak, Le. only a few microvolts. These very weak potentials will be measured 
using a lock-in amplifier which only amplifies the signals with a frequency corresponding to that of the source of the magnetic field. We 
will be performing induced current measurements on rodents (rats and rabbits) and on primates. In order to make maximal use of the 
laboratory animals, several probes will be simultaneously implanted in a given animal. These probes will be linked to a computerized data 
acquisition system that will perform a large number of measurements with multi-directional fields. 
Supported by the Canadian Electrical Association. 
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j-miq 
TESTING OF POWER FREQUENCY MAGNETIC AND ELECTRIC FIELDMETERS. H. Bruggemeyer*l and K. Brinkmann2. 
lNiedersachsisches Landesamt fur Okologie, 30 169 Hannover, Germany. 2Technische Universitat Braunschweig, Braunschweig, 
Germany. 

Many epidemiological studies and experiments with cells and animals were made in the last decade to find out, whether electromagnetic 
fields, with field strength as they occur in our normal environment, can influence biological systems. To make the results traceable, it is 
necessary to look also to the quality of the used fieldmeters. Therefore some fieldmeters used in Germany were tested. Tests were made 
by using calibration setups, the field near two transmission lines and the field around common appliances. By looking in to the literature[l, 
2,3] it can easily be seen that many fieldmeters have problems to measure the electric and magnetic field correctly. 
In order to compare the fieldmeters fmt measurements were made in calculable fields. For the magnetic field we use an improved version 
of the Helmholtzcoils[4]. For the electric field two parallel plates (2 * 2 Meter) according 51 were used. For the measurements near 

also made near common appliances. The responses to the electromagnetic fields of some other frequencies were tested. The comparison 
was made with 21 fieldmeters from the 11 organizations who take part (16 different models from 12 manufactures). Seven units measure 
the electric field in one dimension. Six instruments measure the magnetic field in onedimension and six in three-dimension. Four 
fieldmeters were able to measure both. The size and the performance of the different systems were quite different. The minimum weight 
was 250 g, the maximum was 10 kg. Some systems show the spectrum and can use different filters for the estimation some only can show 
the mean value. Mostly the electric field was measured with earth free parallel plates, two systems use a spheric condenser and one system 
could only measure relatively to ground. For the measurement of the magnetic field seven use &-core coils, four intensifying coils and 
one a hallprobe. The frequency range of the systems were quite different. One system could only measure 50 Hz, one other only between 
40 - 400 Hz. The extensive frequency range for the electric field was 0 Hz - 300 kHz and for the magnetic field 0 Hz - 25 kHz ore 5 Hz - 
46 kHz. The results for the 50 Hz magnetic field were quite near to the calculated value. The measurements in the electric field show 
some variations, mostly depending on the used inappropriate tripod. The measurements at different frequencies in the frequency range 
were quite good. The results for the magnetic field near the transmission lines were without problems. The results for the electric field 
again show bigger divergences. The biggest divergences were found in the results near common appliances. 
Participants: 
Bundesanstalt fur Arbeitsmedizin, Berlin; HAAG, Waldbrunn; Technische Universitat Braunschweig; VEW, Dortmund; TuV 
Hannover/Sachsen-Anhalt, Hannover, BG Feinmechanik und Elektrotechnik, Koln; ECOLOG, Hannover, FGH, Mannheim; Bundesbahn- 
Versuchsanstalt, Munchen; NLO, Hannover; Fachhochschule Lubeck; Tierarztliche Hochschule, Hannover, Preussen Elekua, Hannover; 
Physical Systems Laboratories, Hildesheim. 
References: 
[l] EPA: Laboratory Testing of Commercial Available Power Frequency Magnetic Field Survey Meters; United States Environmental 
Protection Agency 400R-92410; McLean US A (1991) 
[21 IEEE Magnetic Fields Task Force: An Evaluation of Instrumentation used to measure AC Power System Magnetic Fields; IEEE 
Transactions and Power-Delivery, Vol. 6, No.1 (1991) 
[3] Merkel H.: Baubiologische MeSmhnik: Wohnung + Gesundheit, 12, Nr. 65 (1992) 
141 Memtt R., Putcell C., Stroink G.: Uniform Magnetic Fields produced by three, four and five square Coils; Rev. Sci. Inshum, 54 (1983) 
[SI CEI IEC 833: Measurement of Power-Frequency Electric Fields; Bureau Central de la Commission Electrotechnique International, 
Geneve (1987) 

transmission lines we use one 50 Hz 220 kV line and a crossing of a 50 Hz 220 kV and a 16 4 /3 110 kV line. Some measurements were 

Ip-218) 
DESIGN OF A MINIATURE PERSONAL EXPOSURE MONITOR FOR CONTINUOUS REAL-TIME DATA ACQUISITION 
IN ELECTROMAGNETIC FIELD EXPOSURE ASSESSMENT. N.H. Hansen, TJ.  Conroy and B.W. Wilson. Pacific Northwest 
Laboratory, Richland, WA 99352 USA. 

The design of a small, light-weight personal exposure monitor suitable for use in EMF exposure assessment studies is nearing completion 
at Pacific Northwest Laboratory. The monitor will be capable of recording spectral data in the DC-500 Hz range and is designed to be 
small, lightweight and non-obausive. It is battery-operated and able to continuously record extremely low frequency magnetic field data 
for one month, thus meeting a basic requirement for many exposure studies in which personal monitoring is a component. Recent 
developments in commercial low-power analog-to-digital converters make possible the packaging of this monitor as a clip-on pager-size 
device which will run for a month on a single charge. A data-compression algorithm is under development that will be tailored to efficient 
compression of low-frequency EMF signals and will permit data to be logged for approximately one month before off-loading to a 
workstation or personal computer for analysis. The monitor is designed to accommodate four inputs supporting full-field (3 axis) sensors. 
Because of increasing interest in our laboratory in the possibility that magnetic fields are detected and transduced along the retinal- 
hypothalamic tract, one embodiment of the design is a set of sensors, built into safety glasses, to specifically determine magnetic field 
exposures to the eye. Our design work has shown that a practical personal exposure monitor, of the type described, can be built based on 
currently available technology. Continuous logging of real-time ELF waveforms is both feasible and practical, and such a device is 
appropriate for providing improved quality data regarding specific exposures. We are also considering the extending the capabilities of 
this personal exposure monitor to accommodate high-frequency (up to 20 MHz) EMF transients such as those that have been observed 
from a number of personal appliances. 
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Figure 1. Block diagram of a continuous-sampling personal exposure monitor. 

Work supported by the U.S. Department of Energy, Office of Energy Management under contract DOE-AC06-76RLO 1830. 

Ip-2201 
EMF INDICATORS - THE SIMPLEST PERSONAL PROTECTION MEANS IN ISM APPLICATIONS. E. Grudzinski and H. 
Trzaska. EM Environment Protection Lab., ITA, Technical University of Wroclaw, 50-370 Wroclaw, Poland. 

Sources of EM radiation. apart from telecommunication, are widely used in industrial, scientific, medical arid domestic (ISM) applications. 
Personnel working with ISM devices is usually more exposed to EM radiation as compared to telecommunication staff. It leads to special 
attention that should be paid to protect them against the radiation. Among other's continuous control of the EMF level is necessary. As an 
individual protection means the EMF indicators (and dosimeters) have been designed and proposed. All of them are inexpensive, light- 
weight, pocket size devices. Apart from conceptual, technological and legal problems a theoretical (and then practical) problem has to be 
solved: a strict analysis of measuring conditions (in proximity of a conducting body) and appropriate calibration procedures were 
necessary. The mutual interaction of a device and the body is twofold: the body disturbs the EMF configuration in its vicinity and the body 
changes the input impedance of a measuring antema and, as a result, sensitivity of an indicator, due to the former the radiation pattern of 
the system (indicator-body) differs considerably as compared to the indicator's pattern measured in TEM EMF. The typical model of man 
was adopted for theoretical estimations. They have shown that indicator's sensitivity near the body may increase 2-3 times in comparison 
to free space conditions. Uniformity of radiation pattern of a 27.12 MHz indicator is no worse than 3 dB whereas in case of a 2.45 GHz 
device the minima in the pattern are well below 20 dB. The estimations have been confirmed experimentally with the use of a uniform 
phantom made of physiological solution. The estimations and experiments resulted in calibration procedures. The calibration was 
performed in a TEM-cell while EMF intensity was 6 dB below the standard value (given by the national safety standard). Taking into 
account the above mentioned sensitivity increase in real measuring conditions an indicator is always "oversensitive". With no regard to 
very p r  accuracy of such a measurement the role of an indicator is very important, as: 
1. a worker is always warn (by voice or light signal) that he is in an EMF that may be hazardous, 
2 the indicator permits to find "safe" and "dangerous" areas, 
3. the device signalises faults and damages of an ISM - usually resulted in changes of EMF intensity around it. The latter indicates that the 
measurement accuracy is not here the most important while reliability and repeatability of indications may give to the personnel the feeling 
of psychical comfort that the hazard is under their personal control and any changes will be immediately signalised. The latter was 
confirmed during indicator's exploitation in a factory condition 

-1 
THE USE OF PERSONAL DOSIMETERS TO ASSESS EXPOSURE TO MAGNETIC FIELDS FROM INDUCTION 
HEATERS. PJ. Chadwick. National Radiological Protection Board, Cookridge, Leeds LS16 6RW. U.K. 

Magnetic flux densities close to induction heaters can be very large, up to several millitesla in some cases, but they also exhibit marked 
spatial variations. Exposure will depend on working practices, for example the amount of time spent at various distances from an 
induction heater. A magnetic field dosimeter would be a valuable tool in the assessment of exposure and this poster describes the 

168 



investigation of a custom-built EMDEX I1 with a dynamic range of up to 10 mT and a frequency range of up to 3 kHz. The emphasis of 
the investigation was on the behaviour of the dosimeter in industrial environments and under relatively severe conditions such as transient 
exposures to high flux densities, simultaneous exposures to multiple sources and exposure to sources which emit fields with non-sinusoidal 
waveforms. The dosimeter is functioning within its specification and is as reliable as other, non-recording, magnetic field meters. The 
custom-built EMDEX II would appear to be a suitable dosimeter for use in epidemiological studies of workers exposed to magnetic fields 
from induction heaters. 
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