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The existence of brief epochs in which electroencephalographic and neuronal 
activities are strongly correlated has been repeatedly established in different areas of 
the brain. For example, periodic slow oscillations ofneuronal membrane potentials, 
frequency related to the concomitant local electroencephalogram (EEG), have been 
recorded in various cortical areas1-' and in hippocampal and thalamic  site^.^.^ 

Therefore, the EEG appears to reflect the attenuated undulations of the 
membrane potential of a surrounding population of neurons, and rhythmic 
electroencephalographic patterns could be generated by extracellular summation of 
simultaneous transient slow electrical events in a population of cells. 

On the other hand, weak extracellular voltage gradients (1-5 mV/mm) have 
been shown to significantly affect the excitability, or firing thresholds, of stretch 
receptor neurons in the crayfish and spinal motor neurons in the As pointed 
out earlier by N e l s ~ n , ~  complex structural organization of brain tissues, as  seen in 
the cerebrum, should be highly favorable for multiple electric field interactions, both 
in the intricate rate of overlapping dendritic trees and between the macromolecules 
of the extracellular space and the glycoproteins of the outer surface of the cell 
mem brane.9-14 

Indeed, extremely weak vhf fields [I47 MHz, I mW/cmz], amplitude modulated 
at brain wave frequencies, have been shown to strongly influence spontaneous and 
conditioned EEG patterns in the cat.I4f9The hypothesis was offered that the weak 
electrical forces induced in the brain were modifying the excitability of the central 
neurons and that these changes were reflected in the recorded transient EEG epi- 
sodes. 

The extracellular electrical gradients could exert their forces on the multiequilib- 
rium system that exists in the outer zone of the neuronal membrane, where mono- 
and divalent cations compete for binding sites on polyanionic macromolecules and 
polar ends of intrinsic membrane p r ~ t e i n s . ' ~ - ~ ~  

Local variations in the surrounding electric field could result in slight modifica- 
tions of the negative binding sites, either by triggering configurational changes of the 
surface macromolecules or by inducing small displacements of the surface-bound 
cations. These alterations would, in turn, influence the activity of adjacent ions, 
which would disturb further the molecular arrangement of the surface mac- 
romolecules, thus propagating and multiplying the initial electrical disturbance. 

Concurrent work in this laboratory2' indicated that weak pulsed electric cur- . 
rents (2-5 mV/mm, 200 pulses/sec) applied across the cat cortex were able to trig- 
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ger the release of previously bound radioactive calcium ('Ta2+). This, with earlier 
findings'2 that a local increment in extracellular calcium induces a local increase in 
the efflux of membrane-bound 'TaZ+, appears to support the hypothesis of an in- 
trinsic membrane amplification mechanism. 

Intracranial injection of Ca2+ or Mga+ [20 pl, 40 mM] in chronically implanted 
neonatal chicks resulted in an almost immediate synchronization of the 
hyperstriatal EEG, accompanied by behavioral d e p r e s s i ~ n . ~ ~  During successive 
testing days, the animals appeared to recover behaviorally but never showed any 
sustained EEG arousal. By contrast, animals treated with sodium chloride 
recovered completely within the first hour after the injection. 

The chick forebrain, being so highly sensitive to small perturbations of the ex- 
tracellular concentrations of either divalent cations, was therefore chosen for 
investigating, in vitro. the possible interactions between extracellular weak voltage 
gradients, induced by"vhf radiations. and ionic movements in cerebral tissue. In 
tM' present experiment, 'Ta2+ fluxes ribm irradiated brains are compared at 
various frequencies of amplitude modulation of the carrier wave. 

The experiments were conducted in an environmental chamber (ambient 
temperature. 37'C; relative humidity, 35%) specially adapted for the use of vhf 

I fields. The screening procedures and implementation of the 147-MHz fields have 
been described e l s e ~ h e r e . ~ * ~ ~  Briefly, the feedline from the transmitter was applied, 

I via an antenna coupler, to the narrow apices of two large triangular aluminum 
t plates (4100 cm2). 'The applied power, monitored by two in-line wattmeters and a 

radio frequency microampmeter, was adjusted to provide field intensities o f . K 2  
mW/cm2. Sinusoidal modulating frequencies at 0.5-35 Hz were fed into a power 
supply specifically designed to provide modulated high voltages to the transmitter. 
Modulation depths were kept between 80 and 90%. 

Five hundred neonatal chicks, which ranged in age from 2 to 7 days, were used in 
1 

these experiments. The animals were sacrificed by decapitation. The forebrains were 
rapidly dissected from the cranial cavities, and each cerebral hemisphere was in- 
cubated for 30 min in a polyallomer test tube that contained 1 ml of physiologic me- 

, dium [37'C, 155 mM NaCI, 5.6 mM KCI. 2.16 mM CaCI,, 24 mM NaHCO,, and 
D-glucoSe (2 g/liter)] together with 0.2 ml of saline that contained 0.2 pCi of 4SCa2+ 
(sp act. 1.39 Ci/mmole). 

After incubation, the samples were washed three times with nonradioactive so- 
' . lution. The brains were than bathed in I ml of physiologic medium for 20-min 

epochs each. during which time they were exposed to one of the experimental condi- 
tions. Assay of radioactivity was by liquid scintillation counting with 0.2 ml of the 
bathing solution diluted in I I ml of Packard "Instagel." 

The experiment included irradiation with sinusoidal modulation of the vhf field at 
0.5, 3, 6, 9, 11, 16, 20, 25, and 35 Hz, also with an unmo&Iated carrier wave. Con- 
trols were run in the absence of fields. Ten half brains were tested simultaneously for 

I each field condition and control. Every field condition was tested at least three 
times, to provide sufficiently large populations for further statistical analyses. In 
each experiment, three series of 10 samples were irradiated with the vhf fields modu- I 1 lated at three different frequencies. and one series of 10 half brains served as the con- 
trol (no field condition). The order of presentation of the four conditions was ran- 

5 
domized for each daily experiment. The radioactivities (cpm) of all samples were 
related to the mean value of the counts obtained with the I0 control samples, taken 
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as 100. All normalized data within each condition were then statistically compared 
with matched samples of control values. 

An additional series of 40 chicks was used to compare field effects on the '&Ca3+ 
efflux from brains bathed in physiologic medium and brains poisoned, after incu- 
bation, with lo-' M NaCN. Five poisoned samples were tested simultaneously with 
five normal brains for three field exposures (unmodulated radiation and fields modu- 
lated at 0.5 and 16 Hz) and control condition. Each condition was tested twice, and 
the data were normalized to the control mean values. 

Possible field effects on the "Caa+ efflux from a variety of biologic tissues are 
now being investigated. Preliminary experiments have been conducted with skeletal 
muscles (lateral head of the gastrocnemius, 25 animals). Muscle and cerebrum 
dissected from the same animal have been tested simultaneously for two field ex- 
posures (&Hz modulation, 10 samples; 16-Hz modulation, 15 samples) and no field, 
20-min epochs, for control. 

46Caa+ EfluxJrom Brain Tissues Bathed in Physiologic Medium 

0. g f  I Unmodulated radiations and fields modulated at 0.5 and 3 Hz failed to induce 
3 
.t 2 . e  any significant changes in the 4SCaq+ efflux, by comparison with unirradiated control - *L 
P G O  

1 brains (three repetitions, 30 samples for each condition). By contrast, there was a I I 

progressive increase in the '&Caw efflux from the brains exposed to the fields modu- 
lated at 6 Hz (40 samples, 10.1 1. p < 0.05), 9 Hz (30 samples, 14.3%. p < O.OS), 11 

Q 1 1  

Hz (50 samples, 16.0%. p < 0.01), and 16 Hz (80 samples, 18.5%. p < 0.01). These 
effects gradually decline at higher frequencies. Exposures to 20-Hz sinusoidal 

I modulation lead to a small increase of the %a3+ efflux (30 samples, 9.596, p < 
I o 0.05). The results obtained with 25-Hz modulation (30 samples, 6%) were not statis- 

tically significant, and the fluxes observed with 35-Hz modulation did not ditTer from 

4 

- 
L 

the controls. 
These findings are illustrated in FIGURE 1. The data are expressed as percentage 

"? 
0 

of increase of the 46Ca3+ efflux for the various experimental conditions, by com- 
parison with the no field condition. 

3 EfluxJkm Brain TiSSues Poisoned with lo-' M NaCN 

.- - 2 The results with poisoned brains were identical to those observed simultaneously 
g .. 
-u. 
0 

for the samples bathed in physiologic solution. The field effects observed previously 
- -  v o were not altered by the cyanide treatment, which strongly suggests that the '=Caq+ 

z effluxes from the cerebral tissues are independent of any ongoing metabolism. The - .P1 "a*.= "Ca3+ fluxes from poisoned brains and normal samples are compared in TABLE I. 
5E-g The data have been normalized to the mean value of the radioactivity counts ob- 

v 0 2  8 tained in the absence of the vhf field with unpoisoned brains. 
I G i -  

0 Y) G  s 
' I  O h  

I 46Ca3+ EfluxJrom Skeletal Muscle ! 
P ( I ,  

There exists a much greater variability in the radioactivity counts obtained with 
muscular tissue than with cerebral tissue, within each experimental condition. This 
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EFFECTS OF AMPLITUDE-MODULATED VHF FIELDS ON 4 5 ~ ~ 2 +  EFFLUX 
FROM THE ISOLATED CHICK BRAIN* 

Relative '$Ca2+ EWuxt 
Normal Brain Poisoned Brain 

Control, no field 100.0 * 4.0 (15) 96.7 i 3.6 (15) 
Unmodulated field 103.7 * 6.0(10) 102.3 * 5.3 (10) 
0.5-Hz modulation 100.5 * 4.6(10) 98.7 i 5.0(10) 
16-Hz modulation 114.2 * 6.4 (lo)$ 118.9 * 7.7(10)$ 

*Erects of lo-' M NaCN at spot frequencies ofthe modulation. 
tThe number of determinations is given in parentheses. The data referred to the mean 

control value of 100 are given * SEM. 
t p  < 0.05. 

EFFECTS OF AMPLITUDE-MODULATED VHF FIELDS ON 4 5 ~ ~ 2 +  EFFLUX 
FROM BIOLOGIC TISSUES* 

Relative 45Ca2+ Effluxt 
Brain Muscle 

Control, no field 100.0 * 5.4 (10) 100.0 =t 5.8(10) 
6-Hz modulation I 15.0 * 4.2 (lo)$ 105.1 * 9.8(10) 
16-Hz modulation 1 19.1 + 6.2 (lo)$ 100.1 * 3.9(15) 

*Comparison of brain and skeletal muscle at two spot frequencies of the modulation. 
tThe number of determinations is given in parentheses. The results referred to the mean 

control value of 100 are given SEM. 
t p  < 0.05. 

variability may be due to small differences in the weight of the samples, and the re- 
sults would probably be more homogeneous if expressed in radioactivity counts per 
minute per gram of tissue. However. the preliminary results obtained after ex- 
posures to the vhf radiations modulated at 6 and 16 Hz do not indicate any changes 
in the 45Caz+ efflux, by comparison with unirradiated muscles. The brain samples 
tested concurrently with the muscular tissues gave results identical to these reported 
above. 

Comparisons between the 45Caz+ effluxes from both tissues are given in TABLE 2, 
for the two field exposures tested so far. The experimental data have been related to 
the mean value of the radioactivity counts obtained with unirradiated muscles and 
brains. 

Dr scus s lo~  
.- 

The experimental data indicate that weak vhf fields, amplitude modulated at 
brain wave frequencies, are able to increase the calcium efflux from the isolated 
brain of the neonatal chick. 

The need for additional investigation of calcium fluxes in a variety of tissues is 
obvious. Nevertheless, it is worth noting that the two frequencies of modulation 
tested in the preliminary experiment reported here did not trigger significant 
changes in calcium efflux from striated muscle, even though both frequencies were 
effective for the brain samples tested a t  the same time. 
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I 
I The 4LCaa+ fluxes from the brain were not influenced by cyanide treatment. The 

results obtained with the poisoned control samples, in the absence of field. as well as  
with the poisoned irradiated samples. were not different from those obtained with 
brains bathed in physiologic medium. Therefore, it may be assumed that the ionic 
exchanges observed in this experiment were independent of ongoing metabolic 
processes. This finding seems to favor the divalent cation, present in the highly com- 
plex border zone where the cell membrane is in contact with extracellular 
macromolecular material, as  a possible mediator of the observed phenomena. 

As mentioned in the introduction, the electrochemical equilibrium that exists in 
cerebral tissues between ions, polyanionic macromolecules. and glycoproteins of the 
cell surface can be disrupted by small variations of either surrounding ionic concen- 
trations o r  local electrical gradients. Thus. rhythmic modulations of the radio fre- 
quency energy, reflected as  slow undulations of the extracellular electric field, could 
easily affect the binding of calcium to the neuronal membrane. 

A small displacement of these calcium ions. which would result in cooperative 
interaction between modified adjacent binding sites, could play an important role in 
the propagation and amplification of local electrical events. 

The fact that unmodulated radio frequency energy failed to induce any change in 
the fluxes, in addition to the findings-that the changes observed a t  11 and 16 Hz 
progressively decreased in magnitude for ascending and descending frequencies of 
modulation. seems t o  indicate that the calcium ion movements under observation 
were critically related to very specific slow components of the irradiation. 

This finding is in accordance with many previous s t ~ d i e s . ~ ~ - ~ ~  in which the pulse 
repetition rate of radio frequency energies has been shown to be of critical im- 

* portance in eliciting specific biologic field effects, and it supports further the 
hypothesis that the specific frequencies of modulation were responsible for the 
specific changes seen in the cat EEG. In this context, it might be of significance that 
the frequencies that lead to the largest calcium efflux (I l and 16 Hz) are constituents 
of the EEG of the aroused neonatal  hick.^^.^^ 

Finally, because the binding and release of calcium has been linked to inhibition 
and excitation in the cerebral cortex of the cat,ll the mode of interaction between 
external electric fields and central neurons proposed here could explain, a t  least par- 
tially, our previous electroencephalographic results. 

We wish to thank Mrs. I. Sabbot for her advice and help during this investi- 
gation, Ms. S. Skiles for preparation of the illustrations and editing of the 
manuscript, and Mr. D. Olsen and Mr. S. Huston for their engineering support. 
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I Discussion 

DR. J. C. SHARP (Walter Reed Army Institute of Research. Washington. 
D.C.): Can an interaction from the radio-frequency field be picked up by the elec- 
trode on the brain tissue? 

DR. BAWIN: We thought that we might be able to  induce some current in the 
brain through the electrode. Nevertheless, as  the cable is shielded up to the head, 
most of the radio-frequency energy picked up on the cable shielding is returned to 
ground. Only a short length (about 3 cm) of unshielded electrode was present be- 
yond the connection to the shielded cable. This was only a small fraction of a wave- 
length a t  147 MHz. Our best argument exists in the EEG records. We found no 
propagation phenomena between electrodes; that is. the field effect that we describe 
as "sharpening" of a response toward certain frequencies was only associated with a 
very short transient rhythm similar to that in the on-going EEG. Theevoked rhythm 
in the conditioned cat subsided after a long time in extinction trials. It  vanished com- 

. pletely from the EEG while the animal was in extinction trials in the presence of 
radio-frequency fields. I t  would not be reasonable to assume that we are inducing a 
current in the brain that will only materialize when the animal is responding to the 
conditioning stimulus. There was no cross talk between one electrode and another. I 
generally monitored four or five electrode sites simultaneously, and I conditioned 
rhythms in only one or  two specific locations. I detected no rhythm propagation into 
any other leads. 

DR. J. A. ELDER: Upon turning the modulated vhf fields off, does the calcium 
again become bound to the brain tissue? Is the effect reversible o r  irreversible? 
DR. BAWIN: I don't know. The calcium is constantly exchanged back and forth, 

and I only measured a t  a particular point in time how much calcium had been ex- 
changed from the brain to the saline milieu. 



270 Effects of serotonin agonist on the plasma con- 
centrations of growth hormone, thyroid hormones and milk 
compositions and production in Holstein dairy cows. R. 
Nasser Glami* and H. Khazali, Agricultural College of Tarbiat Modar- 
res University, Tehran-Iran. 

Sel-otonin is one of the most important neurotransmitters in central 
uervous system, which can affect the function of hypothalamus. This 
experiment was conducted to evaluate the effects of intrajugular injec- 
tion of serotonin agonist (ETryptophan) on  plasma growth hormone 
(GH), triiodothyronine (T3) and thyroxin (T4) concentrations and milk 
yield and compositions. Twelve multiparous Holstein dairy cows were 
assigned randomly t o  four groups in split-plot design with three 5 d pe- 
riods. After a five-days pretreatment period each group received one the 
treatments for five consecutive days. Treatments were: 1) saline (con- 
trol) 2) 2 pg/kg BW 3) 4 &kg BW 4) 8 pg/kg BW. The experiment was 
ended after a five-days post-treatment period. Milk and blood samples 
were collected daily during the entire of experiment. Daily milk yield 
and body weight changes were determined. Milk samples were analyzed 
for fat, protein, lactose solid not fat and total solid content of the milk. 
Blood plasma samples were analyzed for GH, Ts and Tq. Blood plasma 
GH, T3 and Tq concentrations increased significantly (Ps0.05) with in- 
creasing the level of injected serotonin. No significant difference were 
observed between treatments for fat, protein, lactose solid not fat and 
total solid content of the milk samples, although daily milk yield and 
yield of fat and protein increased significantly (PS0.05) with increasing 
the level of injected serotonin agonist. The  results of this study indicate 
that serotonin agonist injection can increase secretion of GH, T3 and 
Tq from hypophysis and consequently improve milk yield in dairy cows. 
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res University, Tehran-Iran. 

Serotonin is one of the most important neurotransmitters in central 
nervous system, which can affect the function of hypothalamus. This 
experiment was conducted to evaluate the effects of intrajugular injec- 
tion of serotonin agonist (L-Tryptophan) on plasma growth hormone 
(GH), triiodothyronine (T3) and thyroxin (T4) concentrations and milk 
yield and compositions. Twelve multiparous Holstein dairy cows were 
'assigned randomly to four groups in split-plot design with three 5 d pe- 
riods. After a five-days pretreatment period each group received one the 
treatments for five consecutive days. Treatments were: 1) saline (con- 
trol) 2) 2 pg/kg BW 3) 4 pg/kg BW 4) 8 pg/kg BW. The experiment was 
ended after a five-days post-treatment period. Milk and blood samples 
were collected daily during the entire of experiment. Daily milk yield 
and body weight changes were determined. Milk samples were analyzed 
for fat, protein, lactose solid not fat and total solid content of the milk. 
Blood plasma samples were analyzed for GH, T3 and Tq. Blood plasma 
GH, TB and Tq concentrations increased significantly (PsO.05) with in- 
creasing the level of injected serotonin. No significant difference were 
observed between treatments for fat, protein, lactose solid not fat and 
total solid content of the milk samples, although daily milk yield and 
yield of fat and protein increased significantly (PsO.05) with increasing 
the level of injected serotonin agonist. The results of this study indicate 
that serotonin agonist injection can increase secretion of GH, Tg and 
T4 from hypophysis and consequently improve milk yield in dairy cows. 
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The aim of the study was to examine the health of workers exposed to HF and microwave 
range (3 and 10 cm) EMF. Male regulators of communication equipment were exposed to 
HF EMF (3 - 30 m). Microwave effects study was based on health status assessment of 
female testers of electronic equipment. 

Regulators of navd radio communication equipment were exposed to modulated EMF. 
The EMF intensity levels ranged from units to tens of Vlm. Sporadically the regulators 
could be exposed to 250 Vlm EMF. Real time EMF exposure ranged fiom several minutes 
to 3-4 hours per shift. Comparison of measured EMF levels and exposure time shows that 
workplace energy exposure (E2~) did not exceed the legd maximum permissible vaIues 
(7000 ~/rn~/hours). Other physical agents (noise, temperature, air humidity) did not exceed 
the sanitary standards. 

Clinical examination of 72 regulators of radiotransmitting communication devices 
( labasic group), 18 persons previously (5-10 years before) exposed to EMF (2ad-specific 
group) and 45 persons (3d-control group) was carried out. The specid and the control 
group comprised of regulators of non-radiating devices. The age of the subjects in the 
compared groups ranged fiom 20 to 50 years: the average age was 36.6,33.2 and 34.6 
years, respectively. Taking into account certain age differences of the examined subjects, 
direct standardization method was used. 

Analysis of complaints showed that the regulators of radiotransmitting devices 
complained of headache, pain in the heart, sleep disturbances, epigastric pains, dyspeptic 
disorders and increased fatigue (Table 1) significantly more often than the workers of the 



other groups. The rate of complaints increased depending on the employment duration in 
EMF exposure jobs. It is most clearly shown by such complaints as headache, heartache, 
epigastric pains and sleep disturbances. The rate of somatic disorders in the basic group was 
significantly higher than that in the control (77.8% compared to 28.9%, P<0.01). Table 2 
shows the pattern and rate of pathological changes found in HF-exposed workers and in the 

\ control. As follows from table 2 the rate of central nervous system (CNS) and 
1 cardiovascular system disturbances diagnosed in EMF-exposed workers was significantly 

* higher than that in the control. A tendency to increased rate of gastrointestinal tract 
pathology was observed. Peripheral nervous system diseases were registered in both of the 
compared groups, but the differences were not significant. Table 3 illustrates the incidence 
of hnctional CNS and cardiovascular system disturbances in the basic, control and special 
groups. As follows from table 3, the CNS and cardiovascular system pathology level is 
significantly higher in regulators and in persons previously exposed to EMF than that in the 
control group. Health status changes induced by EMF-exposure are persistent. 

Table 1. Complaint pattern and rate in workers exposed to 3-30 MHz EMFand 
control groups PA). 

Complaint pattern Basic groups Control P 
n=72 groups, n=45 

Headache 23.6 8.8 < 0.05 

3 Sleep disturbances 8.3 0 < 0.05 

5 Heartache 18.0 4.4 < 0.05 

8 Epigastricpains 16.7 6.6 NS 

2 Increasedfatigue 12.5 4.4 NS 

4 Irritability 4.1 4.4 NS 

6 Dizziness 2.7 4.4 NS 

Table 2. Pathological changespattern and rate in workers exposed to 3-30 
MHz EMF and contPol groups, (%). 

Pathological changes Basic groups Control groups P 
n=72 n=45 

Central nervous system disturbances 50.0 13.3 < 0.01 

Cardiovascular system diseases 34.7 6.7 < 0.01 

Gastrointestinal tract diseases 19.4 11.1 < 0.1 
(gastritis, cholecystitis) 

Peripheral nervous system diseases 9.7 6.7 NS 

Respiratory organs diseases 12.5 4.4 NS 

Table 3. Prevalence of central n e w m  y s t e m ~ t i o n a l  disturbances and cm&ovmcular 
vstem pathology in basic, special and control groups (99). 

Indicators Basic groups Special groups Control groups PI P2 
n = 72 n =  18 n = 45 

CNS functional 44.3 77.8 13.3 < 0.001 < 0.001 
disturbances 
Cardiovascular 37.5 38.9 13.3 < 0.01 < 0.05 
system pathology 

Note: P1- Confidence level of mrences between the basic and the control groups. 
P2 - Confidence level af differences between the special and the control groups 



The pattern of CNS disturbances in regulators of radiotransmitting devices is shown in 
Table 4. The first place in the structure of the CNS pathology belongs to the astheno- 
vegetative syndrome. The second one is taken by the neurasthenic syndrome, then comes 
the cerebral atherosclerosis, the latter being registered only in the basic group. 

The percentage of CNS functional disturbances in workers having employment duration less 
than 20 years was practically the same as that in workers with 10-20 years of employment. 
The incidence of CNS functional disturbances decreases in the working group having 
employment duration over 20 years, but cerebral atherosclerosis is registered in this group. 
Total percentage of subjects with CNS pathology is the highest in the latter group. Such 
dynamics of fbnctional CNS disturbances was the same after age-adjusting of pathology 
incidence in the basic and the control groups (Table 5). 

Table 4. Pattern of central nervous system dzsbrbances in workers 
exposed to 3-30 MHz EMF and control groups, (%). 

- - - - - - - - - - - - - - 

Pathological changes Basic groups Control groups 

Astheno-vegetative syndrome 25.0 
Vegetative dydimction 13.8 
Neurasthenic syndrome 5.6 
Cerebral atherosclerosis 5.6 0 

Table 5. Ageadjusted incidence ofcentral nervous system firnctional disturbances in 
workers exposed to 3-30 MHz W a n d  control groups. 

Age, years Total number of Age "Expected" number of pathologies 
persons in structure per 100 workers 

groups under ( y o )  

study 
Basic groups Control groups 

40-50 37 31.7 7.9 2.1 

Total 117 100 46.5 8.1 

Cardiovascular system pathology observed in workers exposed to HF radiation was 
manifested as vegetative vascular dystonias, hypertonic disease, atherosclerotic and 
myocarditic cardiosclerosis (Table 6). 



Table 6. Cardiovascular system disemes in workers exposed to 3-30 MHz EMFand control 
groups, PA) 

Nosologic forms Basic groups Control groups P 
n=72 n=45 

Vegetative vascular dystonia 18.1 4.4 C0.05 

cardial type 9.7 0 <0.05 

hypertonic type 6.9 4.4 NS 

hypotonic type 4.2 0 <0.05 

Hypertonic disease 9.7 2.2 NS 

Atherosclerotic and 6.9 0 <0.05 
myocarditic cardiosclerosis 

Age-adjusted incidence of cardiovascular system disease was higher in HF radiation 
exposed workers in all groups as compared to the control (Table 7). 

It is evident that employment duration results in an increase of percentage of subjects 
having 2 or 3 diseases. Employment duration of 5-10 year corresponds to 24% of those 
subjects. Employment over 10 years entails 39% of such persons, 9% of them were found 
to have cerebral atherosclerosis or hypertonic disease. It should be emphasized that the 
given pathology was observed in workers of rather young age (38-47 years). 
Table 7. Age-adjusted incidence ofcardiovascuhr system diseases in workers 
exposed to 3-30MHz EVFand control groups, PO). 

&e, Total number of Age "Expected" number of pathologies 
years persons in structure per 100 workers 

groups under 
study 

Basic groups Control groups 

Total 117 100 33.0 8.0 

Biochemical findings are shown in Table 8. Table illustrates the differences observed 
between the compared groups. Thus, the basic group subjects had a sigdicantly higher 8- 
lipoproteid level as compared to the control. 76% of the basic group were revealed to have 
R-lipoproteid levels significantly exceeding physiological standards in comparison with 
36.4% of the control group (P<0.01). The basic group was reported to have a tendency to 
the increased total lipid concentration. Carbohydrates metabolism changes in the basic 
group were manifested in the reliable increase of lactic acid, piruvic acid and glucose 
concentration, as compared to the control. Four subjects with glucose levels exceeding 
physiological standards also belonged to the basic group. Thyol disulphide system changes 
were characterized by SH-groups concentration decrease and disulphide group 
concentration increase. 



Table 8. Biochemical srudyjndings. 

Indicators Groups P 
studied 

basic special control 1 2 

Total lipids, g/l 9.33 * 0.33 10.27 * 0.83 8.03 059 < 0.1 < 0.05 

Cholesterol, mmol/l 6.54 0.20 7.05 * 0.31 6.64 0.20 NS NS 

j3-lipoproteids, gll 6.73 * 0.20 6.5 1 * 0.5 1 5.45 i 0.2 < 0.01 < 0.1 

Lactic acid, mmoyl 1.1 i 0.04 1.16 i 0.29 0.89 * 0.05 < 0.01 NS 

Pyruvic acid, 115.0 i 3.0 122.6 * 7.5 98.6 * 6.0 < 0.05 < 0.05 
m o m  

Glucose, mmolh 4.4 * 0.09 4.16 * 0.16 3.64 =t 0.09 < 0.01 < 0.05 

Blood SH - p u p s ,  23.67 * 0.71 23.15 i 1.25 27.76 * 1.15 < 0.01 < 0.05 
mom 

BloodSS-groups, 2.82*0.14 2.05 * 0.2 1 1.89 *0.22 < 0.01 NS 
mom 

SWSS, units 9.42 0.59 11.3 * 1.1 12.93 + 1.49 < 0.05 NS 

Note: 1 - confidence level of differences between the basic and the control groups. 
2 - confidence level of differences befween the special and the control groups. 

Subjects previously exposed to EMF were observed to have biochemical changes as 
compared to the control as well. 

For the assessment of possible EMF effects on the male reproductive fimction 
reproductive hormone levels in blood system were determined by radioimmunological 
methods (Table 9). Table 9 shows that testosterone levels in regulators are lower than those 
in the control. Lutehizing hormone (LH) blood levels in male workers exposed to EMF did 
not change reliably, but the concentration of the other gonadotropic hormone - follicle- 
stimulating hormone (FSH), - increased under EMF exposure. 

Table 9. Endocrine system state indicators in persons exposed to short-wave 
electromagnetic fields (basic group), in previously, EMF-exposedprsom (ipecial group) 
and in controIpersons 

Hormone Cont. group Basic Special group 
Control (nrnoJ/l) 480.7 131.5 452.9 =k 31.3 411.8 =t 26.8 

Testosterone (nglnd) 4.39 *0.33 3.48* 0.28, p< 0.05 3.03 * 0.34, p< 0.05 

Luteinizing hormone (IUA) 7.54 1: 0.98 7.66 It 0.52 8.49 * 0.64 

Follicle-stimulating 2.65*0.35 3.52=k0.30p<O.O5 3.72=k0.63p<0.05 
hormone (1U11)) 

Analysis of results shows that hormonal gonade fbnction inhibition occurs after 10 years of 
EMF exposure, and the induced changes persist after exposure removal. The changes of 
endocrine system parameters prove that. 

In order to compare the HF EMF and microwave effects on human body, the findings of 
the earlier studies obtained by Dr. N.N. Uspenskaya (1966) at our Institute are given. The 
author carried out the dynamic clinical follow-up of health status of female electronic device 
testers exposed to 3 and 10 cm wavelength EM radiation, power flux density reaching tens 
of p ~ / c m 2 .  



Dynamic study involved 70 female testers, 15 of them being examined twice, 55 - three 
times or more. In the initial study the average age in the group was 28 years, and the 
employment duration was 3 years and 8 months. In the final study the average age was 3 1.7 
years, and the employment was 6 years and 7 months, i.e., young workers having short 
employment duration were examined. 

Table 10 illustrated the pattern and rate of complaints among workers exposed to SHF 
radiation in the beginning and at the end of the study. Table shows that the range of the 
complaints among the HF workers is much the same as among the SHF workers. Complaint 
rate in female testers increased with the increase of employment duration. 

Functional CNS disturbances, cardiovascular system and gastrointestinal tract diseases 
were diagnosed in SHF-workers as well as in HF workers (Table 1 1). Pathology incidence 
increased significantly with the increase of EMR exposure duration. Gynecological disease 
incidence was high in the female testers. 

Table 12 shows the pattern of CNS functional disturbances in the first and in the second 
study. It is seen that the employment duration increase results in the decrease of percentage 
of vegetative dyshnction and neurasthenic syndrome cases, but the number of combined 
vegetative dyshnction and asthenic syndrome cases increases significantly. 

Table 10. Complaint pattern and rate in workers exposed to microwave radiation in the 
beginning and at the end of the study (%). 

Complaint pattern Wht examination Last t 

n=70 examination 

n=70 

1 Headache 38.5 62.8 2.9 

2 Increased fatigue 30.0 54.0 2.9 

3 Sleep disturbances 30.0 45.7 1.9 

4 Irritability 15.7 37.1 2.9 

5 Pain in the heart 15.7 35.7 2.7 

6 Dizziness 12.8 22.9 1.6 

7 D~s~noea  12.8 32.8 2.9 

8 Epigastricpains 14.2 8.5 0.8 

9 Memory 2.8 14.2 2.5 
disturbances 

10 Sweating 2.8 12.8 2.3 



Table I I .  Pathological changespattern and rate in workers exposed to 3 cm and 10 cm 
microwave radiation, tens of w/m2 intensiy in the dynamics of occupatzollal employment 
(%). 

Pathological changes EFrst Second t 
exam. exam. 
n=70 n=70 

1 Central nervous system functional 41.4 77.0 4.4 
di-ces 

2 Cardiovascular system diseases 8.8 20.0 1.9 
(myomdiodystrophy, hypotonic 
syndrome) 

3 Gastrointestinal tract diseases 2.8 8.5 1.5 
(gastritis, cholecystitis) 

4 Gynecological diseases 27.1 31.4 0.6 

5 Visual organ diseases 10.0 10.0 

6 Otolaryngological diseases 11.4 18.5 1.18 

Table 12. Pattern of central nervous system functional disturbances in workers 
exposed to 3 cm and 10 cm microwave radiation, tens of w/m2 intensig, %. 

Pathological changes 1st 2nd examination 
examination 

Vegetative dysfunction 58.6 46.2 

Neurasthenic syndrome 
with vegetative 
dysfunction 

Asthenic syndrome with 6.8 24.0 
vegetative dysfunction 



Conclusions 

1. Performed studies suggest the identity of health disturbances among the workers 
exposed to low intensity HF and SHF EMR. 

2. The disease induced by electromagnetic radiation is clinically manifested in vegetative 
dystonia syndrome with typical subjective complaints, disturbances in the central 
nervous system, cardiovascular system, reproductive system and gastrointestinal tract 
and biochemical changes in blood. 

3. Revealed changes are persistent in character and do not disappear after ceasing the 
EMF exposure. 

4. Early ageing syndrome observed in the group of HF-device regulators should be 
attributed to the remote effect of chronic RF EMF exposure. Polypathology, early 
development of age pathology, lipid metabolism disturbance, hormonal gonade 
fhnction decrease, the character of thy01 disulphide changes are the symptoms of 
ageing syndrome. 

5. Hygienic assessment of exposure conditions and of accompanying workplace factors, 
consideration of social and living conditions, and dynamic health status follow-up are 
of utmost importance for the diagnosis of chronic EMR effects. 
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THE RUSSIAN STANDARDS AND THE OPINION ABOUT 
INTERNATIONAL HARMONIZATION OF ELECTROMAGNETIC STANDARDS 

Grigoriev Yu. 
Institute of Biophysics, Centre of Electromagnetic Safety 

Russia, Moscow 

The problem of hygienic EMF standards as a factor of industrial and human being 
environment acquired the special urgency for the last years. 

The main fbndamental preventive direction ensuring optimization of conditions of the 
human being vital activity, because of constant increase of EMF level in the environment is the 
regulation of EMF levels of effect for workers and population. 

1. To history of the EMF standarth in Russia 
In this connection it is necessary to underline that 40 years ago, i.e. in 1958 in Russia 

(USSR) the first EMF standard in the range of 300 MHz - 300 GHz was authorized at the 
state level. 

In this information I see the following important circumstance: we can trace dynamics 
of change of normative levels in Russia over the time of 40 years, that will reflect the degree of 
stability of our fbndamental knowledges about biological effects of various EMF frequencies. 

The first Russia standards were based on the results of clinicohygienic researches of the 
50-ths, reinforced by the experimental data, having been available provided limitation of two 
rationed parameters - intensity and time of exposure with the determination of three limits: 10 
pW/cm2 - for 8 h; 100 w/cm2 - up to 2 h and 1000 pW/cm2 - up to 20 minutes for a working 
day. 

Without discussing the role of the confirmed standards 40 years ago for the 
improvement of the working conditions, that is indisputable, it is necessary to underline that 
these standards for expired 40 years were not subjected to essential changes. Besides for the 
last 25 years the accumulated material has shown the reliability of these standards and, 
apparently, certain validity. 

The following materials were used to validate the first standards 
The results of clinicohygienic researches carried out at 10 of enterprises of electronic 

and a radioindustry of Russia, during which the condition of health of 1015 persons were 
evaluated (Savin B.M. et al.,1983). The clinicohygienic comparisons have shown, that the 
personnel working for the long time in the electronic industry (15-20 years), where 
microwaves intensity does not as a rule exceed 10 -100 pw/cm2 do not reveal somewhat 
essential changes in their health compared to that of the appropriate age groups. 

The disturbance in the health condition which could be connected with the microwaves 
effect were detected among 2.6 % of the personnel at the enterprises of the radioindustry. In 
all cases we could speak about the experts with more than 15 years of experience who could 
be exposed to significant intensity in the past (up to 10 mw/cm2 and above). The personnel 
with the experience less than 15 years, i.e. those who began their work after the realization of 
protective measures and were exposed to microwaves with the intensity up to 1000 p.w/cm2 
did not reveal occupational diseases. 

At the first stage of standardization in Russia the results of the following researches 
were also used. Biological effects of 9 modes of EMF exposure were evaluated: 3 GHz, power 
density from 0,25 up to 10 pw/cm2 and time (T) of daily irradiation fiom 6 rnin. to 4 h. A 
large part of experimental researches were conducted in the form of chronic experience up to 4 
months. Total quantity of animals (rabbits, rats, mouse), used in the researches exceeded 1160. 



The bioeffects of microwaves were evaluated on the base of hctions of the central nervous 
and neuroendocrinal systems, unspecific and specific immunity, generative function and etc. 

The results of the experimental researches have shown distinct dependence between 
microwaves bioeffects and the intensity of exposure. They have confirmed the earlier available 
data about the expressed biological effect of microwaves exposure to the power density of 4 
mw/cm2 and especially 10 mw/cm2. The effects of the indicated intensity provoked distinct 
changes of hctional condition of the central nervous and endocrinal systems, immunity and 
etc. The changes arose at the early stages of exposure had shown for stability and had 
cumulative character. By transition to lower intensities (1 mw/cm2) the decrease of biological 
activity of microwaves was observed. Microwaves of power density 250 yw/cm2 during 4- 
hours exposition daily during 4 months provoked only easy hnctional shifts of separate 
parameters carrying adaptive character. 

The analysis of all data has allowed to establish that the parameters of effects 
characterizing the threshold of affect of the factor are 1 mw/cm2 for T = 120 min (S = 120 
mw/cm2 or 2000 pW . h/cm2) and 10 mw/cm2 for 25 min > T > 6 rnin (4166 yW . h/cm2 > S> 
1000 yW (h/cm2). 

Using the safety factor equal to 10 (which is quite sufficient in case of the factors not 
showing distinctly expressed cumulative properties) experimentally established allowable 
exposure will be: 100 pw/cm2 for T = 120 min and 1000 pw/cm2 for T 25 rnin > T > 6 min. 

Based on the above mentioned data the following offers were formulated: 1) normative 
levels of effect 100 pw/cm2 for T 2 h; 2) under the certain permissible correlation between of 
the intensity and duration of EMF exposure the power density may be 200 pW . h/cm2. 

2. System of a sanitary-hygienic standardizatratron of electromagnetic fields in fissia. 
In Russia the system of the standards on electromagnetic safety consists of State 

Standards (GOST) and Sanitary norms and regulations (SanPiN). These interconnected 
documents are mandatory for performance on the whole territory of Russia. 

The EMF State Standards are included into the group of System of the standards of 
safety transactions - the complex of the standards containing demands, norms and regulations 
directed to the safety, health maintenance and serviceability of the person during transactions. 
They are the most general documents. 

The commissioning State Standards executes State Committee on standardization of 
the Russian Federation. 

The State Standards of Russia in the field of electromagnetic safety as on June 1, 1998 
are indicated in table 1. 

Nc I Number 1 The name 
1. I GOST 12.1.006-84 1 Occupational safety standards system. 

1. 

1. 

GOST 12.1.002-84 

Electromagnetic fields of radio frequencies. 
Permissible levels at work-places and requirements for control 
Occupational safety standards system. 
Power fiquency electric fields. 

GOST 12.1.045-84 

Permissible levels of field strength and requirements for control at 
work-places 
Occupational safety standards system. 
Electrostatic fields. Tolerance levels and methods of control at working 
places 



The Sanitary norms and regulations regulate hygienic demands to more particular 
situations of irradiation and also to separate kinds of production. The Sanitary norms and 
regulations contain the same main items as the State Standards, however in more detail. As a 
rule, the sanitary norms and regulations are accompanied by the methodical instructions on 
realization of the control of electromagnetic conditions and protective measures. 

The commissioning of the Sanitary norms and regulations executes the Ministry of 
Public Health of the Russian Federation. 

At present 15 EMF sanitary norms and rules hnction in Russia. The main values of 
EMF permissible levels are presented in Fig. 1 - 8. 

Fig. 1. Limit values for electrostatic field strength E (workplace) according to 
GOST 12.1.045-84 
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Fig. 2. Limit values for 50  Hz electric field strength E (workplace) according to 
GOST 12.1.002-84 

Fig. 3. Limit values for 5 0  Hz magnetic field strength H (workplace) according to 
SanPiN 3206-85 
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Fig. 4. Limit values for 50 Hz electric field strength E (public areas) according to 
SanPiN 2971-84 
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Fig. 5. Limit values for electric field strength E (workplace) according to 
GOST 12.1.006-84 and SanPiN 2.2.412.1.8.055-96 
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Fig. 6. Limit values for magnetic field strength H (workplace) according to 
GOST 12.1.006-84 and SanPiN 2.2.412.1.8.055-96 

-0,03 - 3 MHz 

0 0.5 1 1.5 2 2,5 3 3.5 4 4.5 5 5,5 6 6.5 7 7,5 8 

Exposition fine T ,  hours 

Fig. 7. Limit values for power flux density S in the frequency range 
0,3 - 300  GHz (workplace) according to GOST 12.1.006-84 and 

SanPiN 2.2.432.1 3.055-96 
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Fig. 8. Limit values for electric field strength E and power flux density S (public 
areas) according to SanPiN 2.2.412.1.8.055-96 

3. General principles to the approach to EMF stmdardization in Russia 
The threshold principle of injurious to health is used as the basis of EMF limits 
The position "damage-favour" is considered through the concept of risk. 
Such EMF permissible value limits are accepted for the certain resources with usual 

daily EMF irradiation regimes which do not lead to diseases or health deviations among the 
population (irrespective of age or sex) which can be detected by modem methods during the 
period of irradiation or long after it was over. 

.The EMF exposure should not provoke in the person even temporary disturbance of 
homeostasis including reproductive function, and also the effort protective and adaptation- 
compensator mechanisms neither in the nearest, nor in the remote period of time. It means, that 
EMF limits are the fractional quantity from minimal level of EMF which is capable to provoke 
some reaction in the human being. 
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4. Common and dzxerent the approaches to working out EMF standards between 
some European countries, USA, ICNIRP end Russia 

1 

Common point of view: 

1) A safety factor equal to 10 - to provide an additional safety margin and elimination of 
biological uncertainty. 

30 kHz 300 kHz 3 MHz 30 MHz 300 MHz 3 GHz 30 GHz 300 GHz 

I 
8 

li 
I 

2) There are separate limitations for occupational personnel and for general public. 

Differences: 

I 
1 



First of all, NCRP US recommendation (198 1) about unit-mass time averaged rate of 
energy absorption (SAR) as the meaninsful dosimetric quantity. Up to now in Russia we use "a 
power load" - total flow of energy dropping per unit of an irradiated surface during irradiation 
time in hours. 

2. There are traditional differences in the philosophy of the estimation of any 
measurable effect, which is considered for determination of EMF danger: a) the effect to which 
the organism of a human being can adapt or b) only those selected effects that can be 
considered pathological. 

3. The role of modulation is underestimated by some scientists in some countries. 
These effects were not considered adverse for the following reasons: inability to relate them to 
human health; the narrow range of effective modulation frequencies and the effects are 
reversible. At present we have results which are contrary to this point of view (Grigoriev 
Y.,1996; Aphrikanova L., Grigoriev Y.,1996; Grigoriev Y.,Stepanov B., 1998; Choy et al., 
1986). 

4. There is another system of consideration and affirmation of the standards in Russia. 
The National Commission on Protection against non-ionizing radiation was absent in Russia till 
August 1998. Only in September 1998 ICNIRP in the limits of NCRP was established 
(chairman - professor Yu. Grigoriev). Up to now to developing sanitary norms and rules were 
sent to the Institute of Occupational Health (RAMS). M e r  that they are sent to the 
Commission of RF Ministry of Public Health and after that they were where authorized before 
the co&rmation by RF Ministry of Public Health itself. 

5. There are various requests to selection and evaluation of published reports for the 
substantiation of the standards. ICNIRP Guidelines are not accepted in Russia yet. 

6. There are differences in the values between the allowable occupational exposure 
levels and that for the public. 

Our suggestions: 

1 .To develop uniform criteria for the evaluation of the EMF danger and evaluation of 
an individual radiosensitivity (to draw these approaches nearer). 

2. It is necessary to take into account chronic long-term irradiation with the evaluation 
of the remote effects, cumulation capability. 

3. To determine degrees of danger for the modulated EMF irradiation. 

4. To develop the approaches of the evaluation of energy absorption for local and total 
irradiation, depending on wavelength, polarization, irradiation in open and shielded space. 

5 .  It's necessary to continue the methodology of conducting epidemiological and 
medico- hygienic researches. 



6. Further development of approaches to transfer the experimental data obtained on 
animals to the human being. For example, is it possible to transfer the data obtained on mice or 
rats during long term irradiation of the whole body to using modulated EMF irradiation mode 
of the cellular phone? However only the head brain of the user of cellular phone is subjected 
to EMF irradiation. 

7. Intensive studies of danger of new sources EMF on the human being, for example, 
of mobile communication. 

8. To introduce the system of an evaluation of the data to use them during the 
development of standards (ICMEW Guidelines) in Russia. 

9.1tts necessary to carry out common work on co-ordination of terms. 

10. It's necessary to organize a tempord joint working group of scientists fiom 
European countries, USA and Russia under ICNIRP or WHO to adapt and unifl the possible 
approaches to harmonization the International Standards. 

Thus, this is our point of view on the possibility of harmonization of the International 
EMF standards taking in consideration the accumulated experience in Russia. 
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CELL-TOWERS-RESULTS OF MEASUREMENTS AND ESTIMATION 
OF SAFETY FOR THE PUBLIC 

Yu.Grigoriev 
State Research Center of Russia - Insfitute of Biophysics, 

Center of Bioelectromagnetic Safev, Moscow, Russia 

In Russia BSs are radiotransmitting radiotechnical objects that radiate electromagnetic 
power in LTHF band (3 00-3 000 MHz). 

Besides each BS is supplied with a set of radiotransrnitting equipment of radiorelay 
communication working in SHF band (3-30 GHz) that is responsible for BS integration in the 
net as a whole. 

The radiating power of BS transmitters as a rule does not exceed 5-10 W per channel. 
BS antennas are usually set at the height of 15-100 meters &om the ground on already 

existing constructions: public, official, industrial and residential buildings, chimneys of 
industrial enterprises etc., or on the specially built towers. 

BSs are to be set to meet demands of the Sanitary rules and norms: 

1.Special Hygienic nonnatives GN 2.1.8.12.2.4.019-94 "Temporary permissible levels (TPLs) 
of effects of EMR created by the cellular radiocornmunication systems", 

2.Sanitary rules and norms MSanPIN 001-96 "Sanitary norms of physical factors' permissible 
levels in appliances of consumer goods in life conditions", 

3 .General Sanitary rules and norms SanPiN 2.2.412.1.8.055-96. "Radiofrequency 
electromagnetic radiation (RF EMR) under occupational and living conditions". 

The above-mentioned documents set maximum permissible values for population power 
density 10 pw1cm2. 

In 1997-1 999 the experimental lab of the Center of Electromagnetic Safety (Moscow) 
carried out measurements of EMF RF intensity in the places of BS allocation in Moscow and 
suburbs. 

The territories close to 86 BSs of M - 4 0 ,  AMPS/D-AMPS, GSM-900, DCS (GSM- 
1800) standards were examined. 

The investigation was carried out both on the BSs especially picked out by the 
operators of cellular radiocommunication nets during the starting and on working BSs in 
different workload conditions (0. Grigoriev, A. Merkulov et all., 1999). 

There were no other evident EMF RF sources. 
Specially worked out methods were used for carrying out measurements that were in 

accordance with the standard project "Measurement and assessment of human exposure to 
high frequency (9 kHz to 300 GHz) electromagnetic fields" (the project was finished by 
working group 15 TC 85 IEC). 

EMF level instrumental control was carried out in the places of uncontrolled access and 
possible 24-hour radiation of population - in territories close to BSs inside all the apartments 
of first line buddings around the BSs and inside the last floor apartments of the buildings where 
BS radiotransrnitting antennas are set. 

It is to be noted that very many BSs in Russia are set on the roofs of the residential 
buildings. 

The measurement results are given in Table. 
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The generalized results of EMF RF intensity measurements in places of BS allocation 
carried out by the Center of Electromagnetic Safety. 

It is showed that the fixed EMF RF levels did not exceed maximum permissible values 
given in Russian normative documents (1 0 pW/cm2). 

And in 91% they were below 0.17 pW/cm2 (the limit of the measurement range of 
EMR-20 device by 'Wandel & Goltermann" that was used). 

Measurement were made at the peak of BS workload. 

Fig. A typical diagram of BS workload by the hour 

Place for carrying out 
measurements 

Residential temtory 
(height is 2 meters 
above the ground level) 
The last floor of the 
building where the 
transmitting BS 
antennas are set 
Premises of the first 
line buildmgs around 
the BSs 

Vertical: BS workload, % of maximum possible one 
Horizontal: time 

Amount of 
measurements 

258 

386 

787 

The fixed power 
density, pW/cm2 

(~4.05) 

0,18 + 0,01 

0,19 + 0,Ol 

0,23 _+ 0,02 

Maximal fixed power 
density, pw/cm2 

0,3 8 

0,69 

0,93 
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Similar conclusions are made in works of the scientists fkom the USA, Sweden, 
Australia, Germany, Hungary and others. 

Thus the real levels of exposure fkom the base stations are lower than the existing 
standards, but when we're asked whether the precautionary limits for the GSM-signal fkom 
base stations should be very strict. I think that we have more arguments for than against it. 
(=more pros than cons) 

I'd like to draw your attention to some discussion positions. 
We have some absolutely new situation during the estimation of hazards of EMF B.S. for 
population. 

SOME NEW SITUATION DURING THE ESTIMATION OF HAZARDS OF EMF B.S. 
FOR POPLEATION 

1. Maximum approximation of EMF to the places of living of every individual. 
2. The minimum exceeding of EMF level. 
3. Constant electromagnetic radiation of the population including children and growing 

embryos as well as patients and hypersensitive individuals). 
4. Absence of conditions to carry out adequate epidemiology research. 
5. Additional "forced" radiation by the potentially hazardous EMF for health in addition to 

exposure to other factors of environment and on the contrary and possible EMF influence 
on organism's reactions in exposure to other factors. 

As an example: 

The death of sencibilized quinea gigs with anaphylactic shock (A-shock) 
after only WGMX, only EMF or both 

(Yu. Grigoriev, B. Podkovkin) 

EMF (2450 MHz, 1 mw/cm2, time of exposure - 30 min, every day, 10 days) 
WGMF (reduction in three times, time of exposure - 20 days) 

Number of 
sencibilized animals 

Number of animal 
death with a-shock 

Notice: correspondening correlation were received with investigation of an 
adrenaline, histamin and serotonin in blood 
We have used the model of anaphylactic shock. About 97-100% of guinea pigs always 

die &om anaphylactic shock. More than twenty experiments were carried out. In all cases on 
control we had 97-100% death of animals. But on preliminary exposure of animals to EMF the 
character of development of anaphylactic shock changes considerably. We've received a 
considerable dicrease in the death of animals in experiment groups - 50%. Thus there has been 
a modification of the analyzed bioeffects (anaphylactic shock) under EMF influence. 

WGMF+EMF+ A- 
shock 

20 

19 

Control 

24 

22 

Only WGMF + 
A-shock 

20 

19 

Only EMF + 
A-shock 

20 

- 10 
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Some additionally key points: 

1. The situation itself spoken above makes us to consider the possibility of non-thermal 
mechanism of EMF exposure on the organism 

2. We have to consider the role of modulation in developing biological effects in the 
condition of EMF very low level. 

3. It's extremely important to get experimental evidence about the presence or absence of 
cumulative effects, about the presence or absence of "residual" changed background. 

4. At the background of constant radiation of EMF B.S. the population can be exposed to 
other EMF sources but with different frequencies and different modulation. If we admit 
that EMF can be interference for realisation of live fbnctions of the organism, then it can 
become a very difficult problem in a certain situation. 

The situation itself spoken above makes us to consider the possibility of non-thermal 
mechanism of EMF expose on the organism 

.We have to consider the role of modulation in developing biological effects in the 
condition of very low level of EMF. 

As an example: 
We've carried out the following experiments. The experiments were carried out on 

isolated frog heart (120 fiog hearts) during EM-exposure: CW and modulated regime. 
In normal conditions the isolated fiog heart in Ringer's solution contract for 48 hours 

without any considerable changes of rhythmus and without cardiac arrest. This situation has 
been changed sharply as a result of irradiation. 

Change of heart pulsation and cardiac arrest of isolated frog's heart during EM- 
exposure: CW and modulated regime 1-100 Hz 

(sweep, meander, radiation 9,3 GHz, 16 p.w/cm2, 180 frogs) 

V a r i a n t s  of e x p e r i m e n t s  

.It's extremely important to get experimental evidence about the presence or absence of 
cumulative effects, about the presence or absence of "residual" changed background. 
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.At the background of constant radiation of EMF B.S. the population can be exposed 
to other EMF sources but with different frequencies and different modulation. It we admit that 
EMF can be interference for realisation of live functions, then it can become a very difficult 
problem in a certain situation. 

There are serious objections against the BSs in many countries. The main reasons for 
that are that public is afraid of negative EMF influence on health, does not perceive the 
antennas, lack in information and does not want to take 'Ybrced" risks. 

At the Second International Conference "Problems of electromagnetic safety of the 
human being. Fundamental and applied research. Development of EMF standards: philosophy, 
criteria and harmonization" (September, 1999, Moscow, Russia), scientists from all over the 
world agreed on the statement given below. This was the conclusion of discussions and 
information presented at a Round Table on risk assessment to the population from 
electromagnetic field exposure of base stations used. 

Representatives of the World Health Organization, International Committee on 
Protection from Non-Ionizing Radiation and experts from 13 countries (Bulgaria, Belarus, 
Germany, Latvia, Poland, Russia, the USA, Yugosiavia, Finland, France, Sweden, Ukraine, 
Cyprus) took part in the discussions. 

The rapid development of cellular communication systems all over the world has 
caused the appearance of many thousands of mobile telephone base stations. In some cases 
installation of base station antennas has produced concerns about health and in some cases has 
resulted in litigation in court. Independent research and measurements on electromagnetic 
fields in areas close to base stations was discussed, as well as a comparison of the level of 
exposure of local populations and current exposure limits. 

The following conclusions were agreed on the discussion: 
Mobile telephone (cellular communication) base stations are radiofrequency field-transmitting 
sources with modern requirements for environment and population health protection. 
Radiofrequency fields are a form of electromagnetic fields (EMF). 
Existing national standards on electromagnetic radiation safety are based on the results of 
extensive research and consideration of any possible health risks. Of all the national standards, 
the Russian standards require the lowest levels of exposure to the population fiom 
radiofrequency-transmitting installations. 
Direct EMF measurements around mobile telephone base stations have been conducted in 
many different countries and have produced similar results. 
The observance of existing EMF maximum permissible levels (standards) is obligatory for all 
base station equipment instalIations. 
EMF levels in all public areas do not exceed existing maximurn permissible levels contained in 
the Russian national standards. Population safety is well protected by maximum permissible 
EMF levels. 
However, there is a lack of information provided to the public. This has caused concerns and 
fears for health and safety. This must be addressed to scientists, government officials and 
industry representatives. 
Experts responsible for population electromagnetic radiation safety should have 111 access to 
all the necessary information. In addition, the public should have fidl access to clear and 
accurate information about EMF emitting sources, and all aspects of health and safety against 
exposure to EMF fields. 
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In case of disputes about possible health concerns related to base stations, independent experts 
in the field of electromagnetic safety should be involved. Their decisions should be based 
exclusively on the scientific information and existing maximum permissible EMF levels. 

The participants of the Round table believe in the necessity of bringing their point of 
view to the notice of all the interested parties - national authorities, manufacturers and general 
public. 



B.J.Klauenberg and D. Miklavcic (eds.), Radio Frequency Radiation 
Dosimetry, 3 1-37. 2000 Kluwer Academic Publishers. Printed in the 
Netherlands. 

MICROWAVE EFFECT ON EMBRYO BRAIN: DOSE DEPENDENCE AND 

THE EFFECT OF MODULATION 

W. GRIGORIEV, V. STEPANOV 
Center of Electromagnetic Safety, The State Research Center ofRussia - 
institute of Biophysics, 
123182 Moscow, Russia, Zhivopisnaya, 46 

There are many publications showing that the nervous system is especially 
sensitive of to EMF. We suppose that EMF effects on the nervous system are critical 
for the evaluation of possible health hazards from EMF exposure. Earlier we 
demonstrated that imprinting is a good model for studying effects of low levels of 
various physical factors on the embryonic nervous system. We are not aware of any 
studies of EMF effects on imprinting behavior. 

The goals of this study were: (1) to develop respoflse spectra for CW and 
pulse-modulated microwaves with respect to the field intensity, and to determine 
threshold intensities, and (2) to investigate the principle possibility of detection and 
"memorizing of a modulated microwave signal by the brain of chick embryo. 

MATERIAL AND METHODS 

Experiments with imprinting were carried out on chicks; a total of 447 chick 
embryos were used. The embryos were incubated at 37.5-38.0 'C, 55-68% relative 
humidity for 21-22 days. The embryos were subjected to a short-term exposure to 10- 
GHi microwaves at various periods of the incubation. Exposures were performed in an 
anechoic chamber. Parallel controls to each set of experiments were handled in the 
same way, but received sham irradiation. Tested levels of the incident power density 
were 0.04, 0.4, 1.0, 8.0, and 10 r n ~ l c r n ~ .  

An imprint-stimulus (either a moving object or light flashes) was presented 
the first time during the receptive period, 24 hours after hatching. The imprinting 
behavior was evaluated 24 hours later, i.e., 48 hours after hatching. 

Quantitative evaluation of the imprinting behavior was based on the following 
parameters: latency of the response to the imprintstimulus, the duration of time 
interval when the chick remained near the imprint-stimulus, and the number of 
approaches to and contacts with the stimulus. 



A double-blind test procedure was used. Results were statistically evaluated by 
Student's and Fisher's parametric tests and by a non-parametric Vilkison criterion. 

RESULTS 
EMF effect on memory formation during the early postnatal period. In this 

first series. we performed three sets of experiments. Embryos were exposed a single 
time, on the 5th, 16th or 19th day of incubation (Table 1). The exposue lasted for 30 
min at 0.4, 1,8, or 10 mw/cm2. 

TABLE 1. Conditions of experiments fw S e i s  1. 

EMF Parameters Number of embwos 
Set Incubation Frequ- 

num- day+EMF ency Conditions Powerdensity, eqmsure control experiment 
ber exposure of exposure mwlcm2 duraticn, ruin 

Results of the Set 1 are summarized in Table 2. In subsets 1.1 and 1.2, the 
imprinting behavior was produced in 100% of control chicks, but in none of those 
exposed at 10 or 8 mw/cm2. Thus, exposure of embryos at these power densities 
completely suppressed the ability of newborn chicks to develop imprinting. Exposure at 
a lower power density of 1 mw/cm2 had a less pronounced effect: the imprinting 
response was produced in 9 out of 10 controls, and in 4 out of 7 exposed chicks. 

TABLE 2 . Itnprinting behavior in &cks that were e x p o d  in egg on the 5th day of incubation. 

Subsets Power Exposure -UPS Number o f  Number of Qick with 
density, d d o n , m i n  iilicks illprinting 

1.2 8 control 11 11 
30 8 0 

1.3 1 control 10 
30 experiment 7 

In set 2, chick embryos were exposed on the 16th day of incubation. The 
results were similar to those in subset 1.3. Eight out of 9 chicks developed imprinting 



in the control group, and 6 out of 10 in the exposed group. Apparently, the day of 
exposure was not as significant as the incident power density. This allowed us to pool 
together all the data for exposures at 1 m ~ / c m ~  (i.e., from the subset 1.3 and set 2). In 
this combined group, the imprinting behavior developed in 17 out of 19 controls and in 
chicks, and in 10 out 17 exposed at 1 m ~ l c m ~  (p C0.05). 

In set ID, embryos were exposed on the 19th day of incubation at the power 
density of 0.4 mwlcm2. The imprinting behavior was established in 17 out of 18 
controls, and in 13 out of 18 exposed chicks. This difference was not statistically 
significant (p <0.1). However, the data combined for all the 3 groups exposed at low 
intensities (0.4 and 1 mw/cm2) showed a highly significant effect (34 chicks with 
imprinting out 37 in controls versus 23 out of 35 in the exposed groups, p <0.01). 

Therefore, we conclude that the power densities of 8 and 10 m ~ l c m ~  produce 
a strong effect on the development of the embryonic nervous system. A manifestation 
of this effect is the inability of newborn chicks to develop imprinting behavior. We also 
infer that lower EMF intensities of 0.4 and 1 mw/cm2 can alter the formation of 
imprinting behavior in some individuals. 

"Memorin'ng" of the microwave signal by embryo brain. This set of 
experiments was performed on 127 embryos. On the 16th day of incubation, the 
embryos were exposed to 10 GHi, 0.04 mw/cm2 microwaves modulated at 1,2,3,7,9 
and 10 Hz. The exposure duration was 5 min. 

We supposed that microwave modulation frequency could be "memorized" by 
brain, so that after hatching the exposed chicks would prefer light flashes of the same 
frequency. 

Figure I Nmber of embryos preferi~FA4mddated sigrd 

Experiment 
:ontrol 

The imprinting behavior (actualIy, in this case it was a "preference" behavior) 
was tested 48 hours after hatching. Chicks had to choose between two stimuli. One 



stimulus was light flashes with the same kquency as had been used for modulation 
during the microwave exposure. The other stimulus was the same flashes. but at a 
Merent frequency. The difference in the frequencies of flashes of these two stimuli 
was always 8 Hz. For example, if one frequency was 10 Hz, the other light flashed at 2 
Hz; if one fi-equency was 5 Hz, the other stimulus was set at 13 Hz, and so forth. 
Indeed, chicks showed preference to the imprint stimulus of 9 or 10 Hz if the embryos 
had been exposed to EMF with 9 or 10 Hz modulation (Fig. 1). However, exposure at 
other modulation frequencies (1, 2,3, or 7 Hz) was not effective. 

Influence of modulated microwaves on imprinting behavior. The above data 
showed that, for some reasons, the embryonic brain was more susceptive to microwave 
modulation frequencies of 9 and 10 Hz. Therefore, we decided to compare the ejiicacy 
of CW 10-Hz modulated irradiation regimens. The endpoint was formation of the 
imprinting behavior (same procedures as in the series 1). The light flashes, which were 
used as an imprint-stimulus, were also delivered at a 10-Hz rate. 

A total of 129 embryos were exposed or shamexposed on the 16th day of 
incubation, and the imprinting behavior was assessed 48 hours after hatching. In this 
series, we anticipated stronger effects; therefore, the incident power density was 
decreased to 40 uw/cm2, and the exposure duration was shortened to 5 min. Results of 
these experiments are presented in Table 3. 

TABLE 3. Imprinting behavior in dlidrs after exposure of embryos at 40 UW/& (10 GHz) on the 16th day of 
inabation. 

stt Power Exposure Exposure regimen Numbes of Number ofdicks with 
Numba density, duration, min emb~yos irnprintiig 

uw/mZ 

1. Sham 83 81 (97%) 

One can see from the table that CW irradiation at 40 uw/cm2 did not produce 
any changes compared with sham controls. In contrast, the difference between sets 3 
and 1 was statistically sigtuficant (p<0.01). Exposure to 40 uw/cm2, 10-Hz modulated 
microwaves prevented formation of imprinting behavior in about 50% of cases. 

Thus, a 5-min CW microwave exposure at 40 u ~ / d  on the 16th day of 
incubation did not influence formation of the imprinting behavior. The same exposure, 
but with 10-Hz modulation, caused statistically significant bioeffects, namely it 
suppressed the ability of chicks to develop imprinting behavior. The data show that, 
under given experimental conditions, 10-Hz pulse modulation was more effective than 
the CW exposure regimen. 

It was important to find out if using the same frequency for microwave 
modulation and for the imprint stimulus was a necessary condition for this effect. In 
the next set, we used microwaves moddated at 10 Hz,  but the frequency of light 

4 



flashes was 2 Hz. The exposure effect was still present and even more profound: The 
imprinting behavior developed in 6 out of 8 control chicks (75Y0), but only in 1 out of 8 
exposed chicks (15% p <0.05). Thus, keeping the imprint-stimulus frequency the 
same as the modulation frequency was not essential; exposure to 10-Hz modulated 
microwaves suppresses imprinting of both 10- and 2-Hz light flashes. 

We also carried out a trial experiment using a 4042 modulation of 
microwaves. Out of 8 chicks that were exposed on the 16th day of egg incubation (5 
min at 40 uw/cm2), the imprinting behavior developed in 5 (62%). Because of the 
small experimental group, this result was not significantly different fiom the control. 

As a next step, we studied how the effect of 10-Hi modulated microwaves 
depends on the incident power density. The experimental data demonstrated a distinct 
dose response (Table 4). 

TABLE 4. Imprinting m chicks exposed in egg on the 16th day of incubation to 10-Hz modulated microwaves at 
different mcident power densities. 

Sets Exposureregimen Power Exposure Number of chi& Number of chicks with 
density, -on, imprinting 
UW/& min 

I Sham 28 22 (78%) 

m Modulated 40 5 12 8 (65%) 
10 Hz 

IV Modulsted 900 5 7 4 (57%) 
10 Hz 

We consider it useful to summarize the results of all experiments with exposure at 40 
uw/crn2 in a separate table (Table 5). The experiments presented in this table were 
performed in different animal groups, during different seasons of the year, and also 
using somewhat different methods of analysis of imprinting behavior. 



TABLE 5. Effect of a 5min eqmwre of to 40 u ~ l d ,  10 GHz miawaves on irnprintmg behavior in 
newborn chicks. 

Modulation Powa density, uwlan2 Numbex of embryos Numbea of hicks 
w i i h i m p ~ g  

The results presented in Table 5 show that intensity of 40 uw/cm2 may be 
subthreshold for CW exposure. However, at lo-& modulation, even a 5-min exposure 
is sufficient to produce changes in imprinting behavior. 

CONCLUSIONS 
1. The influence of a short-term exposure to 10-GHz microwaves on 

imprinting behavior was studied in 447 newborn chicks. CW and pulse-modulated 
regimens at intensities from 40 uw/cm2 to 10 m ~ / c d  were tested 

2. The experiments established that a single short-term exposure to CW or 
pulse-modulated mimm-aves at the average incident power densities from 0.4 to 10 
m ~ / c d  suppressed the imprinting behavior. 

3. The eEixt of exposure on the imprinting behavior alterations showed a 
clear correlation with the field intensity employed. 

4. Microwaves modulated at 10 & were more eBective than CW radiation at 
the same incident power density. 



5. The intensity of 40 u ~ l c r n ~  was subthreshold to alter the imprinting 
behaviour in chicks by a short-term CW irradiation of embryos. However. the threshold 
for modulated microwaves was below 40 u~lcrn'. 

6. It was also demonstrated that a low-intensity modulated microwave signal 
can be detected and "memorized" by the embryo brain. 

These new findings should be taken into account for assessment of possible 
health hazards from exposure to modulated microwaves. 
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The value MPE of EMF 
in the range of 300 - 3000 MHz, 

in the Russia standards for population, 
and basic principles fixed in a basis of these 

standards 

1. Such EMF permissible value limits are accepted for 
the certain resources with usual daily EMF irradiation 
regimes which do not lead to diseases or health 
deviation among the population (irrespective of age or 
sex) which can be detected by modern methods 
during the period of irradiation or long it was over. 

2. The EMF exposure should not provoke in the person 
even temporary disturbance of homeostasis including 
reproductive function, and also the strain protective 
and adaptation-compensator mechanisms neither in 
the nearest, nor in the remote period of time. It means, 
that EMF limits are the fractional quantity from 
minimal level of EMF which is capable to provoke 
some reaction in the human being. 

Country 

RUSSIA 

Standard 

SanPiN 
2.2.412.1.8.055-96 

Power Flux 
Density, 
p ~ / c m 2  

10 



The value MPE of EMF 
in the range of 300 - 3000 MHz, 

recommended the international and 
European standards and standards of USA 

for the population, and basic principles 
fixed in a basis of these standards 

1. The strategy of standardization are based on data on thermal 
effects of EMF only. 
"Thermal efect is the only established adverse effect" (C.K. Chou, 2002). 

2. The EMF levels were established of ICNIRP on data on 
short-term acute effects developing in nearest period after 
exposure. 

3. The EMF levels are based on determination of the threshold 
level pathology steady reaction. 

" ICNIRP international guidelines are based on data on short- 
term acute efects to determine the approximate exposure level, 
or threshold level, that could potential& lead to adverse 
biological eflects in animals " (Establishing a Dialogue on Risks from 
Electromagnetic Fields, WHO, 2002) 

Country 

International 
ICNIRP 

European 
CENELEC 

USA 

Standard 

Guidelines for 
limits, 1998 

ENV 1666-2, 
1995 

IEEE Std. C95.1. 
1999 

Power Flux 
Density, 
p ~ / c m 2  

1000 

1000 

10 000 
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Radio Frequency Electromagnetic Field 
Exposure in Humans: Estimation of SAR 
Distribution in the Brain, Effects on Sleep 

and Heart Rate 
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21ntegrated Systems Laboratory, ETH Ziirich, Ziirich, Switzerland 
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In two previous studies we demonstrated that radiofrequency electromagnetic fields (RF EMF) similar 
to those emitted by digital radiotelephone handsets affect brain physiology of healthy young subjects 
exposed to RFEMF (900 MHz.; spatial peak specific absorption rate [SARI 1 Wlkg) either during sleep 
or during the waking period preceding sleep. In the first experiment, subjects were exposed 
intermittently during an 8 h nighttime sleep episode and in the second experiment, unilaterally for 
30 min prior to a 3 h daytime sleep episode. Here we report an extended analysis of the two studies as 
well as the detailed dosimetry of the brain areas, including the assessment of the exposure variability 
and uncertainties. The latter enabled a more in depth analysis and discussion of the findings. Compared 
to the control condition with sharn exposure, spectral power of the non-rapid eye movement sleep 
electroencephalogram (EEG) was initially increased in the 9-14 Hz range in both experiments. No 
topographical differences with respect to the effect of RF EMF exposure wcrc observed in the two 
experiments. Even unilateral exposure during waking induced a similar effect in both hemispheres. 
Exposure during sleep reduced waking after sleep onset and affected heart rate variability. Exposure 
priortosleep reduced heart rate during waking and stage 1 sleep. Thelack of asy~nmetries in the effects 
on sleep EEG, independent of bi- or unilateral exposure of the cortex, may indicate involvement of 
subcortical bilateral projections to the cortex in the generation of brain function changes, especially 
since the exposure of the thalamus was similar in both experiments (approx. 0.1 Wkg).  
Bioelectromagnetics 24:262-276,2003. 2003 Wi~ey-Liss. Inc. 

Key words: global system for mobile communicaticrns (GSM); mobile phones; nonREM sleep; 
electroencephalogram; spectral analysis; heart rate variability 

INTRODUCTION 

The present approach focuses on the investigation 
of radiofrequency electromagnetic fields (RF EMF) Grant sponsor: Swiss National Science Foundation; Grant number: 

3100-053005.97; Grant sponsor: Human Frontiers Science 
effects Of two different 'pecific rate (SAR) Program; Grant numbers: RG.81196, RG.0131/2000; Grant 
distributions on sleep electroencephalogram (EEG) and sponsors: Swisscom; Swiss Federal Office OI- Public Health 
heart rate. The EEG is the principal state indicator of (Experiment 2); Research Cooperation Sustainable Mobile Con-  
sleep. Slow waves (0.75-4.5 Hz) and sleep spindles munications (sinlulation of SAR distribution). 

(12-15 Hz), the two salient features of non-rapid eye 
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movement (nonREM) can be quantified and Ph-acology and Toxicology, University of Ziirich, Winterthur- 
as markers of sleep regulating processes. In recent years erswasse 190. Ziirich CH-8057. Switzerland. 
it has become increasingly evident that these typical E-mail: ache*an@phanna.unizll.ch 
oscillations in the EEG are closely associated with 
cellular changes at the level of thalamic and cortical Received for review 8 April 2002; Final revision received 3 

neurons [Steriade et al., 1993, 1994; McCormick and 
December 2002 
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ebral process, and the sleep EEG is well characterized, Published ontine in Wiley Interscience (www.interscience.wi~ey.com). 
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so that even minor physiological or pharmacological 
effects can be recognized. This has been shown for 
hormonal changes during the menstrual cycle [Driver 
et al., 19961 and pregnancy [Brunner et al., 19941, as 
well as for residual effects of hypnotics [BorbCly et al., 
1983, 19851 and stimulants [Landolt et al., 1995a,b]. 
Even two types of insulin, which differ only in a single 
amino acid, have been discriminated in diabetic patients 
based on their sleep EEG [Roth et al., 19981. 

Several studies investigating the effects of RF 
EMF exposure on human sleep have been previously 
carried out. Mann and Roschke [I9961 reported a 
reduction of REM sleep and changes in spectral power 
of the EEG during REM sleep. In two follow up studies, 
no effects from RF EMF on sleep and sleep EEG were 
found [Wagner et al., 1998, 20001. In contrast, we 
reported that exposure to RF EMF either during sleep 
[BorbCly et al., 19991 or during waking prior to sleep 
[Huber et al., 20001 affected the nonREM sleep EEG. In 
the latter studies, the field conditioiis were well defined 
and the dosimetry was thoroughly evaluated. 

Effects from RF EMF exposure on cognitive 
functions have been investigated by several groups. W 
EMF exposure speeded up response times in simple 
reaction time, vigilance and working memory tasks 
[Preece et al., 1999; Koivisto et al., 2000a,b]. In a 
working memory task, event-related desynchronization 
and synchronization of the waking EEG showed in- 
creased power in the 8- 10 Hz [Krause et al., 2000bl and 
in the 6-8 and 8- 10 Hz [Krause et al., 2000~1 frequency 
ranges during RF EMF exposure. The authors hypothe- 
sized that RF EMF exposure modulates the response of 
EEG oscillatory activity around 8 Hz specifically during 
cognitive processiilg [Krause et al., 2000al. In a recent 
study in narcoleptics, effects of RF EMF exposure on 
visual event-related potentials were observed and 
reaction times were reduced [Jech et al., 200 11. 

Effects of W EMF exposure on heart rate are 
contradictory [Braune et al., 1998, 20021. Heart rate 
variability has also been found to be affected by low 
frequency electromagnetic fieIds [Sastre et al., 1998, 
20001. These findings may not transfer to RF EMF. 

The aim of the present report is an extended 
analysis of the effects of RF EMF exposure with two 
different distributions [BorbCly et al., 1999; Huberet al., 
20001 of the SAR on EEG topography (different 
derivations) and on heart rate and heart rate variability. 
An important aspect of this report is the dosimetry. The 
two studies differ not only in the timing of exposure 
with respect to sleep but also with respect to the induced 
field distribution within the brain. In order to quantify 
those differegces in-SAR upon functional brain regions, 
a detailed FDTD analysis with a novel, 23 tissue type, 
anatomical head model was performed. Only a detailed 
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and extensive dosimetry enables a differential and in 
depth analysis and discussion of the experimental 
findings. 

MATERIALS AND METHODS 

Design of Experiments 1 and 2 

Subjects and data recording 

Experiment 1. In Expt 1 [for details see Borbkly et al., 
19991, nocturnal sleep of 24 healthy, young, right 
handed men was recorded during a night with exposure 
to RF EMF and a night with sham exposure (no RF 
EMF). The experiment consisted of two sessions of two 
consecutive nights at an interval of one week. In each 
session, an experimental night was preceded by a pre- 
experimental night. During exposure nights, RF EMF 
was turned on and off intermittently at 15 min intervals, 
starting with the on condition at lights off. The pre- 
experimental night was recorded in a room different 
from the experimental night. 

The electroencephalogram (EEG derivations: F3, 
C3, P3, 01 ,  F4, C4, P4, 02 ,  referenced to Cz and 
C3A2), the submental electromyogram [chin EMG; 
Rechtschaffen and Kales, 19681, the electrooculogram 
(EOG, differential recording), and the electrocardio- 
gram (EKG) were continuously recorded with a poly- 
graphic amplifier [for signal conditioning and sampling 
see BorbCly et al., 19991. For the EKG, consecutive RR 
intervals (time interval between consecutive R waves) 
and heart rate per 20 s (beats per minute, as calculated 
from the mean RR interval) were stored. An R wave was 
detected whenever the rectified first derivative of the 
EKG exceeded approximately 40% of the maximum. 
All variables were recorded during the entire sleep 
episode. 

Electromagnetic interference with the recording 
equipment was eIiminated by placing the amplifiers 
within two metallic boxes and using fedthrough 7c filters 
for all input and output connections in order to block 
any RF coupling to the leads. 

In Expt 1,  in addition to the electrophysiological 
recordings, simultaneous time lapse, all night video 
recordings of the subject's torso were obtained. 

Experiment 2. Sixteen healthy, young, right handed 
men participated in Expt 2 [for details see Huber et al., 
20001. One of them was also a subject in Expt 1. The 
subjects were exposed to R F  EMF for 30 min prior to a 
3 h morning sleep episode. The time between the end of 
exposure and lights off was 10 min. To ensure a conti- 
nuous daytime sleep episode, sleep in the preceding 
night was restricted to 4 h. Subjects remained in the lab 
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and were under constant supervision between the two 
sleep episodes. The experiment consisted of three 
sessions separated by one week intervals. The three 
sessions involved right hemispheric exposure, left 
hemispheric exposure, and sham exposure. 

The EEG (F3, C3, P3, 01,  F4, C4, P4, 02,  Cz, 
referenced to linked mastoids), EMG, EOG, and EKG 
were continuously recorded [for signal conditioning 
and sampling see Huber et al., 20001. During exposure 
prior to sleep waking data were also recorded. To 
minimize eye movement artifacts during the first, 
middle, and last three minutes of the wake EEG 
recordings, subjects were requested to fixate upon a 
black dot on the wall. The EKG was analyzed as in Expt 
1. Recording equipment was shielded as in Expt 1. 

At the end of the experiment subjects were asked 
to assign the experimental condition for each experi- 
mental day. 

Data analysis and statistics 

Sleep stages and EEG analysis. Sleep stages were 
visually scored for 20 s epochs according to standard 
criteria [Rechtschaffen and Kales, 19681. NonREM- 
REM sleep cycles were defined as in previous 
experiments [Aeschbach and BorbCly, 19931. Power 
spectra of consecutive 20 s epochs (FFT routine, 
Hanning window, averages of five 4 s epochs) were 
computed for referential derivations (referenced to A2 
in Expt 1 and to linked mastoids in Expt 2). Artifacts 
were excluded by visual inspection and serniautomati- 
cally [for more details see BorbCly et al., 1999; Huber 
et al., 20001. Only 20 s epochs without artifacts were 
used for further analysis. In Expt 2 the power spectra of 
the 30 min intervals were normalized with respect to the 
average power of nonREM sleep in the entire 3 h sleep 
episode. 

To investigate the occurrence of activity in the 
spindle frequency range, the EEG (C3A2 or C3 linked 
mastoids) was band pass filtered (1 2- 15 Hz). The mean 
amplitude of the signal was computed by calculating the 
standard deviation (SD) of consecutive 0.5 s epochs. 
This procedure resulted in a new time series with data 
points at 0.5 s intervals. Subsequently, the new time 
series was smoothed, and power spectra of 64 s epochs 
(FET, Hanning window, detrended with mean value of 
epoch, frequency resolution 0.015625 Hz) shifted by 
20 s were calculated for the entire sleep episode. For 
methodological details see Achermann and BorbCly 
[1997]. To obtain a measure for the periodicity of 
spindle inciaence,lhe peak in the-avqage spectrum of 
each subject was determined visually; identification of a 
peak was not always possible. 

Movement during sleep. To investigate whether an 
unconscious perception of the electron~agnetic fields 
was present, movements and position of the subjects 
during sleep was assessed (Expt 1). The sleeping posi- 
tion and its changes were visually scored using time 
lapse video recordings of 20 s epochs that were sy- 
nchronized with the sleep stages. Head, body, and arm 
movements were discriminated. Head positions were 
defined as "left" when there was a nose angle to the left 
between 60 and 90°, as "right" when there was a nose 
angle of 60-90" to the right (nose up was 0"). Body 
position was defined as "right" or "left" when subjects 
laid on their right or left shoulder, respectively. 

Heart rate. Heart rate of 20 s epochs was matched 
with the vigilance states and average values over 
specific time intervals (see below, Table 6) were com- 
pared. Twenty second epochs containing RR intervals 
of 200 ms or less were excluded. Heart rate variability 
was assessed by spectral analysis of RR interval 
tachograms (length of RR interval vs. number of 
progressive beats) [Anonymous, 19961. Determination 
of the RR intervals is described above. Power spectra 
(FFT. routine, Hanning window) of 256 consecutive RR 
intervals (approximately 256 s; frequency resolution 
approximately 0.004 Hz) were calculated to investigate 
changes in the EKG. The frequency resolution was 
scaled according to the duration of the mean RR 
interval. 

Statistical methods. To assess data from Expt 1, a two 
way, within subjects ANOVA was used with the 
repeated measures "condition" (sham or field expo- 
sure) and "sequence" (first night sham or field). In Expt 
2, a two way, within subjects ANOVAwas used with the 
repeated measures "condition" (sham, left or right 
hemisphere exposure) and "sequence" (sham exposure 
in the first, second, or third session). Where appropriate, 
contrasts were assessed by post hoc two-tailed paired 
t-tests. For most variables only significant contrasts are 
reported. Analysis of specific EEG frequency bands 
was performed to reduce the amount of multiple testing. 

Experimental Setups 

Antenna configuration (Experiment I ) .  The objec- 
tive of Expt 1 was to expose the heads of subjects as 
homogeneously as possible and as independently as 
possible from particular sleeping postures. This was 
achieved by an array of three half-wavelength dipole 
antennas mounted behind the head of the recumbent 
subject at a distance of 30 cm. This near field setup 
resulted in fairly uniform, well defined exposure condi- 
tions at the location of the subject's head. Absorber 
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walls were placed around the antennas and the bed in 
order to prevent field disturbance by reflections in the 
environment and to achieve sham conditions in the 
neighboring rooms (<-20 dB). 

A schematic illustration of the setup is given in 
Figure la. Analysis of the videos recorded during the 
night with an infrared camera showed that the distance 
between the top of the subject's head and the antenna 
array varied between 30-45 cm and the angle of 
incidence from - 45" to 45". 

Antenna configuration (Experiment 2). The objec- 
tives of Expt 2 were (1) unilateral exposure to test the 
hypothesis that asymmetxic exposure results in asym- 
metric EEG responses and (2) exposure that mimicked 
the exposure of a handset, as well as (3) minimal 
variability of the exposure from subject to subject. 

This was achieved using planar, rectangular patch 
antennas (Huber & Suhner SPA 920/65/910N) mounted 
at both sides of the head (Fig. Ib). The position was 
optimized with respect to achieving SAR uniformity of 
the exposed hemisphere and producing a high average 
SAR ratio between the exposed and non-exposed sides 
of the brain. The best compromise was found at 115 & 
5 rnm distance between antenna and head, with the 

(a) Dipole settcp, Expt 1 
* -a 

(b) Patch antenna setup, Expt 2 

.p - & : 

Fig. 1. Schematicdiagrams of the exposure setups used in experi- 
ments 1 (Expt 1) and 2 (Expt 2). 

center of the antenna at 42 f 10 mm vertically above the 
ear canal, i.e., approximately one third of the distance 
between the ear canal and the top of the head. The 
average SAR value of the exposed side of the head was 
eight times higher than that of the unexposed side. 
Either the right antenna, the left antenna, or neither 
was excited in a double blind protocol. Input power 
was continuously measured to control the exposure 
conditions. 

Exposure signals (Experiments 1 and 2). The input 
power for each setup was adjusted to achieve the same 
1 W/kg spatial peak SAR averaged over I 0 g, which was 
determined according to the methodology defined for 
compliance testing of handsets [CENELEC, 200 I 1. The 
signal characteristics were also the same in both studies, 
corresponding to the synthesized base station-like GSM 
signal proposed for bioexperiments by Schiiller et al. 
[2000]. Seven (slots 0-6) of the eight bursts (duration: 
0.577 ms; intermittency between bursts: 20 ps) of the 
basic frame (4.61 ins) were on and one off (slot 7). 
Frames 26,52,78, and 104 of the multiframe ( I  04 basic 
frame) were additionally modified: in addition to the 7th 
burst, the 1st burst was also idle for frames 26, 52, 78, 
and the 1st. 4th. and 7th bursts were idle for frame 104. 
This signal structure resulted in the spectral compo- 
nents of 2, 8, and 217 Hz, plus the corresponding 
harmonics. The burst and the intermittency between the 
bursts led to additional components at 1733 Hz and 
50 kHz. The only difference in the signal characteristics 
was that in Expt 1 RF EMF was turned on and off 
intermittently at 15 min intervals. No standby mode 
transmission was applied during the 15 min off 
intervals. 

Dosimetry 
The detailed dosimetry, which provides SAR 

estimations for functional subregions inside the brain, 
was conducted by simulation. A series of measurements 
in free space and inside dielectric head phantoms were 
performed for verification purposes: (1) verification of 
the modeling of the antennas including the feeding 
source by measurements of the incident fields, and (2) 
verification of the simulated induced fields inside 
homogeneous phantoms. In addition, measurements 
were conducted to assess the effect of the electrodes on 
the induced fields (shieldinglreflection and induced 
contact currents). 

Computational tools and modeling. The simulation 
platform SEMCAD (Schmid & Partner Engineering 
AG, Zurich, Switzerland) was employed for this study. 
SEMCAD is based on the finite difference time domain 
(FDTD) method and is enhanced with unique features 



266 Huber et al. 

for RF dosimetry, such as highly nestable subgrids and a 
special compound format enabling the handling of non 
homogeneous human models (www.semcad.com). The 
code has been broadly validated [e.g., Chavannes, 
20021. 

The dosimetry is based on the human head model 
derived from the data set of the head of a healthy female 
subject (age 40 years), consisting of 121 magnetic 
resonance images (MRI), with a slice separation of 
I mm in the ear region and 3 mrn for the rest of the head 
[Burkhardt and Kuster, 20001. For the purposes of this 
study, the precision of the discretization of the brain has 
been improved, and functional subregions have been 
derived from the original MRI slides. Table 1 shows the 
dielectric parameters of the 23 discriminated tissues, 
which were set according to the values given in Gabriel 
[1996]. For the quantification of leftlright asymmetries 
of the SAR distribution in the head, the phantom was 
divided into two evaluation volumes. In order to enable 
maximum spatial resolution in the area of interest, an 
optimized graded mesh was used with a minimum 
voxel size of 1 mm3 in the exposed head region, 
truncated by PML boundaries (total number of voxels 
approx. 15 million). The postprocessor of SEMCAD 
was extended to provide statistical data for each tissue 
type as well as for defined head areas (left side, right 
side, and entire head), e.g., mean SAR along with SD 
and 1 g averaged spatial peak SARs were computed. 

The antenna units were modeled with voltage 
edge sources, and were harmonically excited at 
900 MHz until a steady state was reached. For Expt 1, 
the three sources for the dipole antennas were placed 
between the dipole arins. The aperture coupled patch 
antenna in Expt 2 is excited via a microstrip feedline, 
whereby the edge source was located between the 
feedline and the metallic N plug holder. 

Field mapping tool. For field measurements, the near 
field scanner DASY3 (Schmid & Partner Engineering 
AG, Zurich, Switzerland) was applied, equipped with 
the latest generation of free space and dosimetric probes 
(Table 2). DASY3 is the successor of the system 
described in [Schmid et al., 19961 and is based on a 
precisely controlled, 3 axis robotic arm, which can 
position all sorts of dosimetric probes. It allows highly 

TABLE 1. Dielectric Parameters' of the Tissue Types 
Discriminated in the Human Head Model 

Tissue type &,a o [S/mla 
- - -  - - - 

Blood 61.4 1.54 
Bone (cancellous) 20.8 0.34 
Brain (grey matter) 52.7 0.94 
Brain (white matter) 38.9 0.59 
Cerebellum 49.4 1.26 
Cerebro-spinal fluid 68.6 2.41 
Cornea 55.2 1.39 
Ear (avg. skin and cartilage) 42.0 0.82 
Fat 5.5 0.05 
Glands 59.7 1.04 
Lenses 46.6 0.79 
Lower jaw 20.8 0.34 
Middle brain (grey matter) 52.7 0.94 
Muscle 55.0 0.94 
Skin 41.4 0.87 
Skull 20.8 0.34 
Spinal cord (grey matter) 52.7 0.94 
Spine 20.8 0.34 
Thalamus (grey matter) 52.7 0.94 
Tongue 55.3 0.94 
Upper jaw 20.5 0.34 
Lateral ventricles 68.6 2.41 
Vitreous humor 68.9 1.64 
Generic phantom liquid 42.0 0.85 

"Relative permittivity E, and the electric conductivity o for the 
applied frequency of 900 MHz [Gabriel, 19961. 

sensitive field and temperature measurements in free 
space and inside phantoms. The verification of the 
appropriate modeling of the RF sources and the effect of 
the electrode leads on absorption and reflections were 
conducted with volunteers, the homogenous generic 
twin phantom [Kuster et al., 19971 and a homogeneous 
whole body phantom. The effect of the electrodes was 
analyzed in two ways: first, electrodes were fixed on the 
outside of the phantom shell and the SAR was measured 
inside tissue liquid. This method allows the assessment 
of the shielding effect of the electrode configuration, 
which results from reflections of the incident fields. 
Second, electrodes were taped along the inside of the 
phantom shell tilled with head tissue-simulating liquid 
(tip of electrode in direct contact with liquid), in order to 

TABLE 2. Characteristics of the Free Space and Dosimetric Probes Used for Field Mapping 

Diameter Dynamic Deviation of axial Deviation of spherical 
Probe type [mml range isotropy [dB] isotropy [dB] 



estimate local SAR increases, which could becaused by 
a coupling of induced RF currents on the electrodes and 
tissue. 

RESULTS 

Estimated Tissue SAR Values 

Experiment 1. Dosimetry providing detailed informa- 
tion about the SAR distributions, variations, and 
uncertainties was conducted by utilizing the more 
sophisticated head model combined with the enhanced 
capability of the new simulation platform. The analysis 
confirmed the previous experimentally assessed ratio of 
spatial peak SAR with respect to the incident exposure. 

Several posture conditions for the subjects with 
respect to the antenna array have been evaluated. Tissue 
models and SAR distributions corresponding to the 
aligned and 45" tilted head positions are shown in 
Figure 2. The 1 g averaged spatial peak SAR and the 
averaged SAR for the different brain tissues are 
summarized in Table 3. The values for "brain average" 
include the following brain tissues: white matter, grey 
matter, cerebellum, middle brain, thalamus, cerebro- 
spinal fluid (CSF), and ventriculus lateralis. As 
expected, the exposure is symmetrical for all tissues 
with an untilted head position, i.e., head axis normal to 
the antenna array. The ratio between right and left 
hemispheres varies between 1.5-2 for the 45" tilted 
position, which represents the worst case asymmetrical 
configuration for Expt 1. The assessed mean SAR 
values, the variations and the uncertainty SD are given 
in Table 4. 

All variation and uncertainties have been assessed 
according to NIST TN1297 [I9941 and represent 
relative SD from the average value. The main para- 
meters for variations in the exposure are: (1) changes in 
posture (head 45" tilted, head at 45 cm distance to 
dipoles, and head 25 cm horizontally displaced from the 
center dipole, which represents the largest variation); 
(2) changes of the electrode orientation relative to the 
incident fields due to subject movement; (3) different 
head sizes, assessed by scaling the human model 
byflO%, which was found to be the maximum 
variation in head size measured by Tisserand et al. 
[2001]; and (4) amplifier drifts. The parameters 
included in the uncertainty analysis of the dosimetry 
were the uncertainty from (1) the effect of electrodes, 
(2) probe calibrations, (3) dielectric parameters, and (4) 
the numerical model and discretization variation, 
assessed by comparing voxel sizes of 0.5,1, and 3 mm3. 

~ x ~ e r i m e n r 2 .  Mgdeling of the pgtch-antenna had been 
validated based on far and near field experimental data 
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[Christ et al., 19981. Because of the close proximity to 
the head, the efficiency of the patch setup is about ten 
times higher than for the dipole setup, i.e., 0.54 Wlkg 
per Watt antenna input power. Higher efficiency pro- 
vides the advantage of enabling the application of 
signals with high crest factors, such as GSM basic (crest 
factor of 8.3) and DTX (crest factor of 69.3) with 
reasonable peak power requirements (crest fac- 
tor = pulse peak powerlaverage power). The results of 
the numerical analysis are shown in Table 3 and c o n h  
that the SAR distributions in the exposed head side 
are comparable to those of Expt 1 and that a strong 
asymmetrical exposure had been achieved ( ~ a t i o  
column of Table 3). The position of the head with 
respect to the EM source can be kept very constant 
(variations of position <f 5 mtn horizontally and 
<f 30 rnm in the plane of the patch antenna). The 
variations and uncertainties were assessed according to 
the methodology defined above (Table 4). 

Field Mapping 

Experiment 1. The setup was initially analyzed in the 
dosimetric laboratory of ETH Zurich. The incident field 
distribution was first measured with a human volunteer 
lying on a bed with and without the presence of EEG 
electrodes attached to the head. Both conditions were 
compared with those of the homogeneous wholebody 
phantom (E, = 42 f 2 and o = 0.86 f 0.08 Slm) placed 
at the same location. Similar disturbances of the 
incident field were observed. In the next step, the 
shielding effect of the electrodes was evaluated by 
fixing the electrodes at the outer shell of the phantom , 

and by comparing the local SAR distributions of dif- 
ferent orientations of the leads with respect to the 
incident field with the SAR distribution of the same 
setup without electrodes. Local variations of SAR were 
in the order of 40%. 

Experiment 2. The numerical dosimetry was verified 
by replacing the non-homogenous phantom with the 
generic twin phantom filled with tissue simulating 
liquid (E ,  = 41 f 2 and o = 0.85 f 0.08 Slm). This 
setup was experimentally and numerically analyzed, 
and area as well as spatial peak SAR values were 
compared. The deviation between measurement and 
simulation of less than 10% for the 1 and 10 g averaged 
spatial peak SAR confirmed the high quality of the 
numerical models. 

The effect of the electrodes on the spatial peak 
SAR (shieldingheflection and wire induced currents) 
were evaluated as follows: the effect of shielding and 
disturbance of the source by reflections have been 
assessed by mounting all 15 electrodes at their position 
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Tissue model 

Dipole setup, 
head aligned 
(ExP~ f b 

Dipole setup, 
head tilted 
(Expt 1 1 

Patch setup 
(Ex# 2) 

Axial, Coronal, Sag ittaf , 
center of center of center of 
thalamus thalamus head 

Fig. 2. 
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TABLE 3. Computed Specific Absorbtion Rate (SAR, W 7 k g )  of Head Tissues for the Dipole Setup Used in Expt 1 (Head Aligned 
and 45' Tilted to the Left) and for the Patch Antenna Setup Used in Expt 2 

Right hemisphere Left hemisphere Both hemispheres 

Tissue Setup 1 g avg." A V ~ . ~  SDC I g avg. Avg. SD ~a t io*  1 g avg. Avg. SD 

Grey matter Dip.aligned 0.43 0.18 0.09 0.45 0.18 0.09 1.02 0.45 0.18 0.09 
Dip.tilted 0.55 0.22 0.09 0.31 0.13 0.06 1.74 0.55 0.18 0.09 
Patch 1.02 0.25 0.19 0.15 0.03 0.03 7.90 1.02 0.15 0.18 

White matter Dip.aligned 0.26 0.11 0.05 0.25 0.12 0.05 0.94 0.26 0.12 0.05 
Dip. tilted 0.35 0.16 0.06 0.22 0.08 0.04 2.01 0.35 0.12 0.05 
Patch 0.61 0.20 0.13 0.08 0.02 0.01 10.7 0.61 0.10 0.12 

Grey & white matter Dip. aligned 0.40 0.17 0.08 0.45 0.16 0.08 1.03 0.45 0.16 0.08 
Dip. tilted 0.55 0.21 0.09 0.31 0.11 0.06 1.84 0.55 0.16 0.08 
Patch 0.97 0.24 0.18 0.14 0.03 0.02 8.65 0.97 0.13 0.16 

Thalamus Dip. aligned 0.19 0.11 0.07 0.12 0.08 0.04 1.42 0.19 0.10 0.06 
Dip. tilted 0.15 0.08 0.04 0.21 0.14 0.05 0.61 0.21 0.11 0.05 
Patch 0.16 0.13 0.02 0.13 0.10 0.03 1.36 0.16 0.12 0.03 

Brain avg. Dip. aligned 0.75 0.20 0.17 0.80 0.20 0.17 1.02 0.89 0.20 0.17 
Dip. tilted 0.77 0.24 0.17 0.57 0.14 0.12 1.66 0.77 0.19 0.15 
Patch 1.55 0.27 0.26 0.33 0.04 0.05 6.70 1.55 0.16 0.22 

Brain avg. (without Dip. aligned 0.40 0.16 0.08 0.45 0.15 0.08 1.03 0.45 0.15 0.08 
vent. lat.) Dip.tilted 0.55 0.19 0.09 0.31 0.11 0.06 1.81 0.55 0.15 0.08 

Patch 0.97 0.24 0.18 0.15 0.03 0.03 7.92 0.97 0.14 0.16 

The brain-averaged values include grey matter, white matter, cerebellum, middle brain. thalamus, cerebro-spinal fluid (CSF) and lateral 
ventricles. 
"Spatial peak SAR averaged over 1 g tissue. 
b~verage SAR over entire tissue. 
The  SD of SAR inside the specific tissue. 

ratio of the average SAR per tissue between the right and left hemispheres. 

outside of the phantom shell. This configuration re- 
sulted in a reduction of 8 and 9% for the 1 and 10 g 
spatial peak SAR values, respectively. The effect of the 
wire induced currents was determined by fixing ear and 
eye electrodes at the inside of the shell (see Materials 
and Methods section, Dosimetry). A 35% higher 1 g but 
only 1% higher 10 g spatial peak SAR value was 
measured. 

Sleep Stages 

Experiment I .  Waking after sleep onset (WASO) was 
reduced after RF EMF exposure (Table 5; rANOVA, 
factors "condition" and "sequence" significant). Fif- 
teen out of 24 subjects showed significantly less WASO 
after RF EMF exposure (values below upper limit of 
95% confidence interval). The subgroup of 12 subjects 
who were first sham exposed exhibited overall larger 
reduction of WASO compared to the subgroup that was 
first field exposed. The number of subjects showing a 
significant decrease in WASO after RF EMF exposure 
was similar in both subgroups (7 and 8). The difference 

in WASO was due to a decrease in the mean duration of 
episodes of WASO (sham: 44.2 f 6.4 s ( f  SEM); field: 
33.2 f 2.8 s; P < -05 two tailed paired t-test) rather than 
to a difference in the number of their occurrence (sham: 
24.5 f 2.4; field: 22.0 f 1.5; n.s.). WASO did not differ 
in the pre-experimental nights between the two 
subgroups (first sham exposed; first field exposed). 
Therefore, the sequence effect cannot be explained by 
an intrinsic difference in WASO between the two 
subgroups. 

None of the other sleep variables differed between 
the two conditions (Table 5). 

Experiment 2. Sleep variables did not differ between 
RF EMF and sham exposure (Table 5). 

REM sleep latencies were shorter compared to 
Expt 1 because of frequent sleep onset REM sleep 
episodes (i.e., occurrence of REM sleep within the first 
15 min of sleep; in 9 subjects after sham exposure and 
left hemispheric exposure; in 10 subjects after right 
hemispheric exposure). 

Fig. 2. Computed distribution of the specificabsorption rate (SAR) for the tissue model shown in the 
top row: thalamus (green), grey matter (dark grey), white matter (white), CSF (cyan), cerebellum 
(brwn), middle brainllighf gray), muscle (darkorange), air (blue), skin (orange), and bone (yellow). 
Thetwomiddlerowsshow the SAR distributionsfor Exptl (headaligned andtilted 4.5" to theleft) and 
the bottom row for Expt 2 (right antenna activated). 
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TABLE 4. Spatial and Time Averaged SAR Values (Expt 1 [Dipole Setup]: Entire Head 
Exposed, Expt 2 [Patch Setup]: Unihemispheric Exposure) and Estimation of the Variations 
and Uncertainties for the Dosimetric Assessment 

Tissue 
Average SAR Dosimetric 

setupa [ w k ]  Variation (%) uncertainty (%) 

Grey matter Dipole 
Patch 

White matter Dipole 
Patch 

Grey & white matter Dipole 
Patch 

Thalamus Dipole 
Patch 

Brain avg. (incl. vent.) Dipole 
Patch 

Brain avg. (without vent.) Dipole 
Patch 

aAverage SAR values of both hemisperes (head aligned; Table 3) are given in case of the dipole setup 
and of the right hemisphere in case of the patch setup. 

Sleep EEG 

Experiment 1. An increase of nonREM sleep EEG 
power in the 1 1.5-12.25 and 13.5- 14 Hz frequency 
bands was already present during the first 30 min 
interval after lights off, i.e., after 15 min of RF EMF 
exposure (Fig. 3). Because sleep latency was on average 
11.2 min (Table 5), the effect is mainly seen during the 
first 15 rnin without field. 

The topographical analysis is based on those 
frequency bands showing the largest change [Borbely 

et al., 19991. Power in these bands was increased in most 
derivations (Fig. 4). The effect did not differ within and 
between hemispheres (two way repeated measure 
ANOVA with factors "hemisphere" (left or right) and 
"derivation" (frontal, central, parietal, occipital) per- 
formed with percentage increase, was not significant for 
the selected frequency bands). 

To test for periodicities in the occurrence of sleep 
spindles, a new time series with data points at 0.5 s 
intervals was calculated. It was formed by the mean 
amplitude of the band-pass filtered EEG (12- 15 Hz, see 

TABLE 5. Effect of RF EMF Exposure on Sleep Variables Derived From Visual Scoring 

RF EMF exposure 

Expt 1 [during sleep (n = 24)] Expt 2 [prior to sleep (n = 16)] 

Sham Field Sham Left Right 

Time in bed 
Total sleep time 
Sleep latency 
REM sleep latency 
Waking after sleep onset 

(WASO) 
Stage 1 
Stage 2 
Stage 3 
Stage 4 
Slow-wave sleep 
REM sleep 
Movement time 

Mean values (f SEM in parenthesis) in min are shown. Sleep onset was defined as first occurrence of stage 2,3,4,  or REM sleep. Sleep 
latency, interval from lights off to sleep onset; REM sleep latency, interval from sleep onset to the first occurrence of REM sleep. 
WASO: Two-way repeated measure ANOVA revealed significant effects for factors "condition" and "sequence" for exposure during sleep. 
Some of the slgep variables for exposure during sleep have been reported previously [Borbkly et a]., 19991, average data of left and right 
hemisphere exposure prior to sleep were3resented in Huber et al. [2000]. 
"Significant difference to sham condition (P <.05, two tailed paired t-test). 



Frequency (Hz) 

Fig. 3. Effect of RF EMFexposure on the nonREM sleep EEG dur- 
ingfirst30 minafterlightsoff, i.e., after15 minof RFEMFexposurein 
Expt 1 (RF EMF exposure during sleep; n = 21 due to minimum cri- 
terion of 200 s nonREM sleep). Mean relative EEG power density 
spectrum (C3A2) in nonREM sleep is shown. The curve depicts 
power after field exposure (mean* SEM for 0.25 Hz bins) 
expressed as a percentage of the corresponding value after sham 
exposure. Bars at the bottom indicate P values for frequency bins 
in which power was enhancedafter RFEMFexposure (factor "con- 
dition" of two-way repeated measure ANOVA; "sequencen and 
interaction'condition" x "sequence"werenot significant). 

Materials and Methods section). Spindle frequency 
activity in nonREM sleep recurred at approximately 4 s 
intervals, which was reflected in a spectral peak at 
0.22 Hz. The location of the spectral peaks did not differ 
between conditions (mean values for C3 in Hz f SEM, 
n =  14,sham0.22f 0.01;field0.23f 0.01, P>.2, two 
tailed paired t-tests). 

Experiment 2. The topographical analysis was per- 
formed using those frequency bands showing the largest 
change [Huber et al., 20001. An increase of power was 
observed in most bands and derivations (Fig. 4). The 
effect did not differ within hemispheres and between 
left or right hemispheric exposure but was more 
pronounced in the left hemisphere for the 12.5-13.25 
and 9- 13.5 Hz bands irrespective of exposure side 
(P < .05, factor "hemisphere" (left, right), three-way 
repeated measure ANOVA, factors "condition" (left or 
right hemispheric exposure), "hemisphere," and "deri- 
vation" (frontal, central, parietal, occipital) performed 
with percentage increase). 

SpindE frequency recurrence was reflected in a 
spectral peak at the following frequencies (for more 
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details see Expt 1): sham 0.24f 0.01 Hz, n = 14; left 
exposure 0.22 f 0.01 Hz, n = 15; right exposure 
0.23 f 0.0 1, n = 15; P > .2, two tailed paired t-tests. 

Waking EEG 

Experiment I .  Only a few frequency bins were 
affected in the waking EEG during exposure before 
sleep onset (increase of power in the 1 1 - 1 1.5 Hz range 
of waking and stage 1; derivation C3A2; n = 14, due to 
the minimum criterion of 100 s of artifact-free epochs). 

Experiment 2. The average spectra of the waking EEG 
(derivation C3 against linked mastoids) of three 5 min 
episodes recorded during the 30 min RF EMF exposure 
(left or right hemisphere) showed a reduction of power 
compared to sham exposure in the 10.5-1 1 and 18.75- 
19.5 Hz frequency range (P <.05; two tailed paired 
t-test; minimum criterion of 100 s; n = 14 (left), n = 13 
(right)). 

Heart Rate and Heart Rate Variability 

Experiment I .  Heart rate was not affected when 
subjects were exposed during sleep (Table 6). However, 
heart rate variability was affected. Spectral analysis of 
RR intervals revealed a 40.6 f 7.3% decrease of power 
in the 0.10-0.1 1 Hz range '(P <.05; 3 bins in low 
frequency range) after RF EMF exposure for the in- 
terval between lights off and sleep onset (only 8 subjects 
contributed to both conditions due to the minimum 
criterion of at least 512 RR intervals, approx. 8.5 min). 
After RF EMF exposure, mean spectra over the first 
three nonREM sleep episodes showed increased power 
in the 0.29-0.3 1 Hz range (5 bins, around peak in high 
frequency range, 54.8 f 22.7% increase, P < .05). None 
of the all night mean spectra revealed differences 
between sham and field exposure. 

Experiment 2. During the 30 rnin of RF EMF exposure 
no difference in heart rate between the three conditions 
was observed. Heart rate in waking and stage 1 of the 
entire sleep episode was reduced after exposure of the 
right and left hemispheres and before sleep onset after 
right hemisphere exposure (Table 6; no order effect). 
Heart rate variability (spectra of RR intervals) was 
altered during the 3 h sleep episode but not during the 
first half hour of nonREM sleep. Power in the 0.18- 
0.22 Hz frequency range (1 1 bins around peak in high 
frequency range, mean spectra of left and right hemi- 
sphere exposure) was increased by 47.4 f 17.8% in the 
3 h sleep episode after field exposure. 

Sleep Posture (Experiment 1) 

Under both conditions, subjects slept mainly on 
their back (body position back: 61.9f 3.9; side: 
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exposure during sleep exposure prior to sleep (Expt 2) 
(Ex~t  1) left hemisphere exposure r~ght hemisphere exposure 

V V 

left midne tight left midline right left midline right 

Fig. 4. Effect of RF EMF exposure on nonREM sleep EEG topography (different derivations). Mean 
power after RF EMF exposure expressed as a percentage of the corresponding value after sham 
exposure (vertical error bars represent 1 SEM). Referential derivations are illustrated (frontal F3, 
F4; central C3, Cz, C4; parietal P3, P4; occipital 01,02; see pictogram).The two frequency bands 
exhibiting the largest changes [Borbely eta1..1999; Huberet al., 2000, Fig.11 in eachexperimentand 
the frequency range commonto both experiments are depicted (Exptl, exposure during sleep; Expt 
2, exposure prior to sleep). Filled triangles indicate significantly higher power after field exposure 
(P <.05, factor '%ondition"of 2 way repeated measure ANOVA performed for each derivation sepa- 
rately). Factor "sequence7'and interaction'%ondition" x 'sequence" were not significant. 

38.23~ 3.9; in percent of total sleep time; P<.01, two 
tailed paired t-tests). They turned their head more to the 
right than to the left (right: 36.5 f 3.7; left: 24.6 f 3.4; 
in percent of total sleep time; P <.05). No difference 
between field and sham exposure was observed in the 
time spent in any position (left, right, back), neither of 
the body nor in the number of position changes. 
Subjects placed one or both arms above their heads 
longer during field exposure (field: 9.9 f 2.9% of total 
sleep time, sham: 2.7 f 1.1 %, P < .05, two tailed paired 
t-test, n = 14). Only subjects with an arm displacement 
of at least lemin over the entire nrght-were considered. 
No order effect was observed. 

Assignment of Experimental Condition 
(Experiment 2) 

Only two out of 16 subjects assigned all three field 
conditions correctly. This value is not significantly 
different from the expected chance level of correct 
assignment (2.67; P > .75, binomial test). 

DISCUSSION 

Dosimetry and Energy Deposition 

The exposure patterns of the two experiments are 
distinctly different, i.e., whole head versus unilateral 
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TABLE 6. Effect of RF EMF Exposure on Heart Rate 

NonREM sleep REM sleep Waking and stage 1 

Sleep episode First episode First 30 min Sleep episode Sleep episode Before sleep 
-- 

Exposure during sleep (Expt I): 
Sham 53.8 (1.7) 55.9 (1.8) 55.1 (1.7) 56.0 (1.8) 66.7 (2.0) 61.0 (2.1) 
Field 53.3 (1.6) 55.0 (1.8) 54.6 (1.9) 55.6 (1.8) 66.8 (1.7) 61.3 (2.1) 
Exposure prior to sleep (Expt 2): 
Sham 56.4 (1.5) 57.3 (1.5) 58.0 (1.6) 65.3 (1.7) 62.3 (2.2) 
Left 56.1 (1.3) 56.0 (1.2)" 58.1 (1.3) 62.1 (1.3)' 60.2 (1.4) 
Right 56.4 (1.5) 56.4 (1.5) 58.7 (1.6) 63.2 (1.6)' 58.2 (1.8)' 
I + r  56.0 (1.4) 56.0 (1.3)a 58.1 (1.5) 62.3 (1.5)' 59.2 (1.6)" 

Mean values (?&EM in parenthesis) in beats per minute are shown. Sleep episode, total sleep episode; before sleep, interval before sleep 
onset (first occurrence of stage 2,3,4, or REM sleep); 1 + r, average value of left and right hemispheric exposure. 
'Indicates a trend (P <. 1). 
b~ignificant difference to sham condition (P < .05, two tailed paired t-test). 

SAR distribution. In Expt 2 the hemispheric difference 
in SAR is well defined; the factor is larger than six for all 
investigated tissues, except for the thalamus. The 
differences between the two hemispheres vary in Expt 
1 only by a factor of about two depending on the head 
posture (tilted vs. untilted). The spatial peak SAR 
values were the same in both studies. In Expt 1 the 
spatial peak was located at the top of the head, whereas 
in Expt 2 it was above the ear. The maximum exposure 
of tissues other than the brain occurred in the vertex and 
nose in Expt 1 and in the ear and salivary glands 
(submaxillary glands) in Expt 2. 

In any EEG experiment conducted with RF 
exposure, the electrodes are primary candidates for 
artifacts. The following measures and studies were 
conducted to eliminate possible artifacts: (1) RF 
decoupling of amplifier and leads (see Materials and 
Methods section); (2) comparison of EEG recordings 
with RF on/off; (3) evaluation of shielding/reflection 
effects of the leads (reduction approx. 10%); (4) 
evaluation of the effect of induced currents by the leads 
on the spatial peak SAR (< 1 % on 10 g averaged SAR). 
As expected, the effects of electrodes under these 
exposure conditions are much smaller than within the 
MRI environment [Chou et al., 1997; Bonmassaret al., 
20021. However, in view of the observed effects of RF 
EMF on the EEG, more elaborated studies are needed to 
assess the locally induced currents in the skin or cortex 
by the electrodes. 

Relevance to mobile phones (both experiments). 
Mobile phones may expose the user to slightly higher 
spatial peak SAR of up to 2 W k g  [Kuster, 19971. 
Furthermore, the spectral power of the 2 and 8 Hz 
componentrof theRF EMF is significantly higher for a 
mobile phone than for the applied signal. The exposure 

pattern of Expt 2 is seen as a worst case exposure 
scenario of mobile phones, because the exposed cortex 
area covers the entire area that might be exposed during 
usage of a mobile phone, and is strongly dependent on 
phone design and usage [Kuster, 20011. The penetration 
depth is considerably larger than for averaged phone 
exposures and also slightly larger than for worst case 
phone exposure scenarios. However, exposure from 
base stations results in similar penetration depth but at 
lower induced field strengths. 

Effects on Sleep EEG 

RFEMFeffects on sleep EEG have been observed 
in two studies under similar, but nevertheless signifi- 
cantly different conditions (exposure before sleep vs. 
exposure during sleep, unilateral exposure vs. exposure 
of the entire head). Under both experimental conditions 
nonREM sleep EEG power was increased in the 9- 
14 Hz range after RF EMF exposure [see BorbCly et al., 
1999; Huber et al., 20001. 

The increase of power was similar in all deriva- 
tions (Fig. 4) and may therefore represent a global effect 
of RF EMF exposure on sleep EEG. Even in Expt 2., 
in which either the right or the left hemisphere was 
exposed, no lateralization was observed. Power in- 
creased to a similar extent in all derivations. This result 
was in contradiction to our expectations, because in a 
previous study mechanical stimulation of the right hand 
had been shown to induce unilateral changes in the sleep 
EEG [Kattler et al., 19941. 

Because the EEG effect did not depend on the side 
of exposure, two explanations were considered [Huber 
et al., 20001: (1) the SARratio of about 10 to 1 (Table 3) 
between the exposed and nonexposed hemisphere 
might have been too low to induce a differential effect 
or a ceiling effect might have been present (i.e., the 
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lower field strength present at the nonexposed hemi- 
sphere may have been sufficient for a maximal effect). 
(2) Subcortical regions (including the thalamus) may 
contain the most sensitive structures to RF EMF, and 
their bilateral cortical projections may explain the 
absence of a hemispheric asymmetry. The latter ex- 
planation is supported by the high levels of the SAR in 
deeper brain structures including the thalamus (Table 3, 
Fig. 2). Because the thalamus is centrally involved in 
the generation of sleep spindles [Steriade et al., 19931, it 
represents a prime candidate for an RF EMF sensitive 
subcortical structure. 

However, it should be noted that the sleep EEG 
was affected over a broad range that included the alpha 
range in addition to the spindle frequency range [see 
BorbCly et al., 1999; Huber et al., 2000, Fig. 11. Spindle 
oscillations are generated in the reticular nucleus of the 
thalamus and distributed to the cortex by thalamocor- 
tical projections [Steriade et al., 19931. Corticothalamic 
feedback is a major factor in shaping and synchronizing 
thalamically generated spindles [Contreras et al., 19961. 
High intensity electrical cortical stimulation triggered 
spindle oscillations, which started simultaneously in all 
leads [Contreras et al., 19971. Cortical stimulation by 
the RF EMF may have induced changes in spindle 
frequency activity. However, neither the frequency of 
sleep spindles [location of the peak in the EEG power 
spectrum, BorbCly et al., 1999; Huber et al., 20001 nor 
their pattern of occurrence was altered by exposure to 
RF EMF. Changes in amplitude or duration of sleep 
spindles cannot be detected by the current analysis. 
Analysis of individual spindles may be needed. 

Effects on Waking EEG 

We observed no consistent effect of RF EMF 
exposure on the waking EEG. An increase of power in 
the 1 1 - 1 1.25 Hz range in the EEG spectrum of waking 
and stage 1 prior to sleep onset was observed in Expt 1. 
Average waking EEG spectra in Expt 2 revealed a 
reduction of power in the 10.5- 1 1 and 18.75- 19.5 Hz 
frequency range. Roschke and Mann [I9971 did not 
observe any changes in waking EEG during RF EMF 
exposure. The waking EEG is susceptible to artifacts. 
Therefore, artifact removal is important. However, 
statistical power was reduced, because not all subjects 
contributed to the data after artifact removal. The 
presence of sleep may be a prerequisite to reliably 
detect effects of RF EMF in the EEG. Expt 1 revealed 
that a short exposure of 15 min is sufficient for 
enhancing power in the sleep EEG (Fig. 3). 

RF EMF exposure during sleep reduced WASO 
[BorGly et al., 19991. Most subjects showed a reduc- 
tion in WAW. This reduction was-due to a shortening of 
the waking episodes during exposure. When subjects 

were exposed prior to sleep, WASO in the subsequent 
sleep episode was not affected. However, in this ex- 
periment, subjects slept in the same environment during 
all conditions. Therefore, there is no contradiction to 
our previous interpretation [Borbily et al., 19991 that 
RF EMF exposure counteracts the mild sleep dis- 
turbance that may have been caused by the unfamiliar 
experimental setup during the first experimental night 
in Expt 1. 

Heart Rate and Heart Rate Variability 

In contrast to the consistent sleep EEG effect, RF 
EMF exposure affected heart rate depending on the 
experimental setting. The observed effects were weak. 
RF EMF exposure prior to sleep reduced heart rate in 
waking and stage 1 during the whole sleep episode and 
in the interval from lights off to sleep onset. A trend in 
the same direction was observed in the first 30 min of 
nonREM sleep. These observations are in accordance 
with the data of Braune et al. [1998], who reported a 
decrease of heart rate after 35 min of R F  EMF exposure. 
Heart rate was not affected when subjects were exposed 
during sleep. Also Mann et al. [I9981 found no 
significant effects on heait rate when subjects were 
exposed during sleep. Several studies on isolated hearts 
showed an increase of heart rate when the exposure to 
electromagnetic fields induced a temperature increase 
[Yee et al., 1988; Pakhomov et al., 19951. 

Heart rate variability as assessed by spectral 
analysis of consecutive RR intervals was affected 
during sleep in both experiments. Power around the 
peak in the high frequency range [O. 15-0.4 Hz, Anon- 
ymous, 19961 was increased (Expt 1: 0.29-0.31 Hz; 
Expt 2: 0.18-0.22 Hz). Differences in the location 
of the high frequency peak may result from circadian 
factors (nighttime sleep vs. daytime sleep). In addition, 
in the interval prior to sleep onset spectral power of the 
tachogra~n was reduced in the low frequency range 
(0.10-0.1 1 Hz). Changes in the high frequency range 
are commonly attributed to vagal activity [Anonymous, 
19961, whereas effects in the low frequency range are 
more controversial. Low frequency changes were 
claimed to be a marker for sympathetic modulation or 
a parameter that includes both sympathetic and vagal 
influences [Anonymous, 19961. Mann et al. [I9981 
found no changes in heart rate variability in REM sleep, 
stage 2 and SWS when subjects were exposed during 
sleep. However, they did not perform a frequency bin to 
frequency bin comparison, which may render it difficult 
to observe subtle differences in the high frequency 
range. Altered heart rate variability was reported during 
nocturnal exposure to intermittent 60 Hz magnetic 
fields [Sastre et al., 1998, 20001. Power in the low 
frequency range was reduced and in the high frequency 
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range increased. According to the authors, changes in 
thermoregulation and blood pressure control are 
reflected in the low frequency band, whereas changes 
in respiration affect the high frequency band. Due to the 
lack of a phase-resetting of the cardiac pacemaker, the 
authors hypothesized a central rather than a peripheral 
site of action [Sastre et al., 20001. During nonREM 
sleep, an inverse relationship between EEG power in 
the 8- 13 Hz range and the low to high frequency ratio 
(LF/HF) of heart rate variability was reported [Ehrhart 
et al., 20001. This may point to a relationship between 
the effect observed in the sleep EEG and changes in 
heart rate variability in the present experiments. 

Nevertheless, the regulation of heart rate involves 
many central pathways [Montano et al., 20011, and 
therefore conclusions about the exact mechanism of 
action remains speculation. 

The subjective assignment of the experimental 
condition was not above chance level. This is consistent 
with the results of a recent study where it was shown that 
a GSM phone signal did not produce subjective 
symptoms [Koivisto et al., 20011. However, due to the 
small sample size, statistical power is limited. Differ- 
ences in arm displacement during sleep were small, on 
average about 30 min. It must be kept in mind that less 
than 60% of the subjects contributed to this finding. 

CONCLUSIONS 

Our studies demonstrate that exposure to RF EMF 
emitted by mobile phones has an effect on brain 
physiology. Changes in EEG power are manifested 
rapidly when exposure occurs during sleep (Fig. 3). 
They outlast exposure by at least 15 min when FW EMF 
is applied during waking prior to sleep [Huber et al., 
20001. Simulations of the SAR distribution within the 
brain support the interpretation that subcortical struc- 
tures may be responsible for the observed effect on the 
sleep EEG. 

Additional experiments are needed to identify the 
field characteristics (e.g., importance of modulation 
scheme or dose response relations) responsible for the 
observed EEG effects and to determine the site of 
interaction (exploration of different exposure locations, 
i.e., different parts of the head). Our findings of subtle 
changes in cardiac activity need to be confirmed. It is 
impossible to draw conclusions about the presence or 
absence of possible adverse effects of chronic RF EMF 
exposure based on the acute effects that are available. 
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The health effects of electrical pollution 

mencans are surrounded by One of the most potent contaminants for the CUrrenf silently and insidiously 
electrical devices - is r a d i 0 - f r e q ~ n c ~ ~ t i o n -  A assaulting those who play and work 

omvute r s ,  nearby. 

Yet all contribute to an increasingly 
dangerous electrical environment that 
has largely escaped systematic 
monitoring. The increased demand for 
electricity, and the proliferation of 
computers and other electronic devices 
have markedly increased our exposure 
to electrical phenomena. These 
phenomena are a ubiquitous presence 
in our lives, albeit invisible and 
odorless. 

VCRS and a of In other words, the wires 
household gadgets and that deliver electricity have 
consumer appliances. also become conduits for 
There is also the deadly high-frequency 
assumption that the radiation, a form of 
electricity (and associated electrical pollution that has 
electrical phenomena) are largely escaped attention 
safely confined to the by the medical 
wires carrying electricity community. 
and to the electrical 
devices themselves. The increased 

prevalence of this radio- 
For a variety of reasons, frequency current has 

including the very design coincided with an 
of the electrical alarming increase in the 

system' this The green area in the ascillosmpe display shown above prevalence of ailments 
assumption is no longer 

represents 'dirty' power that contamhates normal (60 Hertz) such as fibromyalgia, 
valid. electricity. chronic fatigue syndrome, 

Electricity is a trusted attention deficit disorder, 
component of diabetes and asthma. 
contemporary civilization. lnnumerable studies 
Few notice the poles, wires, have shown there is no 'Safe" level of 

There is the widespread (and 
mistaken) assumption that our electrical 
environment has been carefully studied 
and monitored and, save for a few 
exceptions, found to be harmless. 

substations and transformers that 
deliver electricity. Fewer still pay any 
attention to the hidden lattice of wires 
in the walls of offices, churches, 
factories and schools. 

The truth is that the millions of 
Americans live and work in 
environments that subject them to a 
variety of harmful electric phenomena. 

exposure to radio-kequency current, 
which now routineIyflas through the 
the wiring of homes, schools and 
ofices. It is a dead& "byproduct" of 
our electronic age. 

'I have no doubt in my 
mind that at the present 

time that the greatest 
polluting element in the 

earth's environment is the 
proliferation of electro- 
magnetic fields. I con- 

sider that to be EaF greater 
on a global scale than 

warming... ' 
Robert 0. Bsrker, M. D., Author 
ofcross Currents andThe Body 

Electric: 

Radio-frequency radiation 

0 f particular concern is the 
high-frequency current 
created by computers and 

other electronic devices, which is often 
called "dirty current." This current is 
created by numerous devices and is 
conducted nearly everywhere. The 
wiring in buildmgs then act as autemae 

Indiscriminant and deadly 

E lectrical pollution is 
indiscriminant. It affects 
young and old, women and 

men, mothers and infants, the rich and 
poor, secretaries and farmers, doctors 
and layers, factory workers and 
scientists. 

Until its unsuspecting victims take 
action to reduce their exposure, 
symptoms worsen. There is no relief, 
no cure, no hope. Lives become a 
numbing maelstrom of despair and a 
desperate attempt to alleviate 
symptoms. 

The harmful biological effects of 
exposure to electrical pollution have 
been established in numerous studies 
conducted during the past 50 years. 
Several countries have established 



standards limiting exposure to EMF, 
"dirty" current and other sources. 

In the United States, 
however, environments are 
seldom monitored for 
electrical pollution. The 
limited standards governing 
"dirty" current, for example, 
are applied only in industrial 
settings, and then only when 
levels are high enough to 
affect computers, motors and 
other equipment. 

Until recently, people had no 
way of monitoring levels of 
dirty current in the 
environment The introduction 
of a relatively inexpensive 
meter that wuld be plugged 
into a conventional outlet to 
monitor levels of this current 
led to some startling 
revelations. 

Hundreds of people found 
that their health problems 
worsened during exposure to 
dirty current, and that they 
were exposed to this current in 
a variety of locations. The 
invention of a convenient 6lter 
that removes radio-hquency 
radiation provided noticeable 
and immediate relief to 
thousands of people. Some 
have managed to creaie or find 
environments where the levels 

Symptoms of exposure to radio- 
frequency radiation (radio wave sickness) 

Neurological: headachg, dizziness, nausea, diffi- 
culty concentrating, memory loss, irritability. 
depression, anxiety, insomnia, fatigue, weakngs. 
tremors, muscle spasms, numbness, tingling. altered 
reflexes, muscle and joint paint, leg/foot pain, "h- 
like" symptoms. fever. More severe reactions can 
include seimres, paralysis, psychosis and stroke. 
cardiac: palpitations, arrhythmias, pain or pressure 
in the chest, low or high blood pressure, slow or fast 
heart rate, shortness of breath. 
Respiratory: sinusitis, bronchitis, pneumonia, 
asthma. 
Dermatological: skin rash, itching, burning. facial 
flushing. 
Ophthalmologic: pain or burning in the eyes, 
pressure idbehind the eyes. deteriorating vision. 
floaters, cataracts. 
others: digestive problems; abdominal pain: 
enlarged thyroid, tgticuIar/ovarian pain; dryness of 
lips, tongue, mouth, eyes; great thirst: dehydration: 
nosebleeds; internal bleeding; altered sugar metabo- 
lism; immune abnormalities; redfstribution of metals 
within the body: hair loss; pain in the teeth: deterio- 
rating fillings; impaired sense of smell; ringing in the 
ears. 
(excerpted from No Race To Hi& by Arthur 
Firstenberg, April 200 1) 

systematically investigate their Their requests have been ignored. 
concerns. Instead, they have often been subjected 

to scathing criticism and 
ridicule. 

Most of those who have 
learned that their health has 
been adversely affected by 
electrical pollution had 
previously engaged in a 
lengthy, fruitless and costly 
search to ascatain the source 
of their ailments, and to seek 
relief. 

They were increasingly 
debilitated by their ailments, 
though they sought the best 
medical advice they could 
afford. They became 
discouraged and desperate as 
they lost the ability to 
function as productive 
members of society. Maay 
face impoverishment. They 
were caught in a vortex of 
despair, whose caused 
seemed beyond the reach of 
science. Some of these 
conditions acquired labels. 
Others didn't. 

There was no relief beyond 
palliative care. A cure 
seemed beyond hope. 

All experienced 
remarkable improvements in 
their conditions after 

are lower. However, most have found 
it impossible to find environments 
where levels are uniformly safe. . 

investigations occurred outside the 
b e w o r k  of institutional support that I 

I A public health crisis 

r\ ckbam's lazor is a basic psecept 

I accephg the~d la t r e suhs inc f i e~  
aannacte@ctiions. 

The symptoms associated with 
usually funds studies of this type. Dr. Martin Graham, emeritus overexposure to radio-frequency 

The integrity of these investigators P'o-~ of computer science and radiation (also known as radio wave 
. g, univedty of sickness) clearly describe the 

is beyond reproach. They conducted electride- 

these studies at considerable personal Callfod* Berkeley* and inventor of symptoms associated with many of the 

and financial sacrifice. They were afllterthat m v e s  radio-frequency supposedly inexplicable ailments that 

conducted by investigators who have *tionfromhouseholdw*g. have become more wmmon in recent 
decades. 

desperately wughtto have the scientific 
and medical communitythoroughly and 



The relationship between exposure to 
radio-frequency radiation and these 
ailments clearly warrants additional 
independent investigation. 

investigations of human health 
concerns and electrical pollution are 
now left solely to the discretion of 
electrical utilities. This is unacceptable 
and is unlikely to change. In Wisconsin, 
for example, state health officials have 
nut undertaken a single investigation of 
the health complaints of farm families 
with concerns about electrical 
pollution, even though these families 
have requested such an investigation for 
almost 30 years. 

Any discussion of electrical 
phenomena involves terms that are 
unfamiliar to most people. This is true 
in any detailed discussion of a scientific 
topic. However, it poses a particularly 
formidable obstacle to the public's 
understanding of the problem because 
the issue is often fiamed exclusively in 
technical language. This has proven to 
be a formidable barrier in attempts to 
draw public attention to the issue, 
especially as the objectivity of many 
investigators is in doubt. 

It need not be this way. Electrical 
pollution is analogous to water 
pollution. "Clean" water enters our 
households and it leaves via a separate 
route after it becomes "dirty." The same 
is true of electricity, only the 
contamiuated current doesn't leave via 
a separate route. Instead, it has been 
allowed to intermingle with clean 
current - and has been allowed to enter 
the environment by a variety of paths. 

As with polluted water, there are 
several electrical pollutants. They have 
synergistic effects. Examinhg each in 
isolation fails to accurately assess their 
harmful biological effects. 

The most immediate concern is to 
develop methods to eliminate or 
prevent exposure to harmful levels. 
Also, health officials should be 
encouraged to utilize the instruments 
that accurately measure electrical 
pollution and develop the appropriate 
protocols for their use. This should not 
be left to the electric utilities. 

Time to begin 

This is an auspicious time to begin 
such an effort because investigators 
with the academic credentials and 
technical competence have already 
created much of the foundation for this 
work Such investigations would be 
prohibitively expensive if these 
resources were not available. 
Moreover, even if the resources were 
available to fimd these investinations 

They involve a wide variety ofhealth 
concerns. In medicine, this often 
detracts fiom credibility as researchers 
increasingly seek to link specific 
disease agents or factors with specific 
ailments. However, the accounts are 
consistent with the pervasive assault on 
the immune system characteristic of 
electrical pollution, and with the 
heterogeneous nature of electrical 
phenomena, and the wide divergence 
in routes and duration of exposure. 

Seldom is there a complete reversal 
of symptoms or a "cure." This appears 
to reflect the inability to achieve an 
environment fiee of electrical pollution. 

Electrical pollution exacerbates 
many health conditions, although there 
appears to be a cluster of symptoms 
common to all forms of overexposure. - 

*There appears to be a "threshold" of 
exposure, after which recovery 
becomes more problematic and 
sensitivity increases. 

*The medical community seldom, if 
ever, considers electrical pollution in 
the etiology of ailments. 

"Stray voltage7' research, which 
involves the short-term exposure of 
cows to low levels of "clean" electricity 
is not germane to the human health 
concerns addressed here, even though 
it has often been cited as "proof' that 
electrical pollution has no adverse 
effects on human health. 

Many ofthose affected by electrical 
pollution require immediate relief. The 

The "St*-," the G r d s t e - r  most relevant test of &ether electrical 
be plugged into pollution is a human health concern is 

household electric receptacles to re- to provide an environment that is free 
move radio-frequency radiation of all sources of electrical pollution. 

The particular levels and routes of 
( ~ c h w o u l d ~ ~ ~ r e q u i r e ~ ~ ~  exposure that are of most concern in 
0ftho-d~ of dollars), h e  objectivity each environment can be addressed 
of the results would be subject to b* there are legitimate 'Oncerns question unless (as is now possible) 

over ww levels and types of the complete independence of the Providing an eIwimnment that is 
pollution are acceptable, there is no investigators could be fiee of electrical pollution would be the 
uncertainty over the fact that electrical simplest, least expensive (and most 
pollUti0n is present in OW ellvir0IlKlent The following general fact~KS Should powerful) test of the hypotheses 
-and no uncertainty whatsoever that be considered when considering the concerning the relationship between 
there is no safe exposure level for radio- experiences of victims of electrical electrical pollution and the adverse 
frequency radiation. pollution: effects on human health. 



predicted that the deterioration would 
progress. One ascribed his ailments to 

and tries to help neighbors understand 
the risks posed by electrical pollution. 

Dan Hager 
Dan Hager, 50, is a large man, whose 

joviality belies the health problems that 
doctors said were supposed to have 
killed him by now. 

He's had a variety of occupations, 
including stints as a welder, machinist 
and driving trucks and buses. He had 
no history of serious health problems 
when, eight years ago, he was nearly 
crippled by aching joints and pain in 
the lower back. There were times 
when his feet were so sensitive he 
wuld barely walk. He would often 
inexplicably lose his balance and fall. 

Numerous doctors were unable to 
ascertain the cause of his health 
problems, although all agreed that his 

medical treatment 
for electrocution. 

nerve damage. Hager concurs with 
the diagnosis. 

Hager believes his nerves were 
damaged by the flow of current 
though his body. He links the start of 
his health problems to a change in the 
electrical distribution system in the 
area to accommodate the increased 
demand for electricity Then, too, the 
campground is next to a lake in a low- 
lying region, conditions that favor the 
flow of electricity through the ground. 
Hager has employed several methods 

He had back surgery in 1998 and was 
very slow to recover. "lt took two 
months to be able to walk out the h n t  
door and go about 30 feet," he says. He 
attributes the slow healing to electrical 
pollution. 

His sister has been diagnosed with 
rheumatoid arthritis and struggled for 
almost a year while doctors hied to find 
the right medications for her. Many 
were ineffective and had undesirable 
side effects. Dan measured the radio 
frequencies in her home and installed 
fiters a year ago. Her mobility has 
improved, there's less swelling in her 
hands and she sleeps much better. "Her 
doctors " can't believe how well she's 
doing," Dan says. She attributes her 
improved health to the filters. 

health was deteriorating. Hager 
eventually was prescribed 12 Not everyone's receptive to his 

medications for pain, swelling, 
seizures and depression in an "A lot of people simply don't 
increasingly futile attempt to believe someone would do this to 
stay healthy enough so he could 
maintain the campground he 
andhis wife, Marge, operated in 
central Wisconsin 

Two years ago, a neighbor 
recounted how her health Catherine Kleiber's serious 
improved after she installed health problems began in 1996, 
filters to lower levels of The m m n  above, which shows the high mency S ~ X  months after moving to a farm 
electrical pollution. After 
studying the information she current riding on the 60-cycle waveform, was -- she and her husband, Dan, 

provided, Hager realized his surd in a classroom occupied by a teackr who rc- o~ented in southem LVisc0nsin. 
cently died of a brain tumor. She was 23 and until then, hadn't 

symptoms mimicked those of 
radio wave sickness, right The teacher in the adjoining room had recently died experienced any serious health 

down to the pain in his teeth. from leukemia. Dr. Vitaly Rcznik, professor of hy- problems. Both were recent 

Hager decided to try it himself, giene and epidemiology in the Republic of graduates of the University of 

and made several filters. Kazakhastan and an expert on the effects of radio- W i ~ c ~ i n - ~ o n .  
frequency radiation, said the energy contained in the 

The symm included 
"Right away, 1 felt more waveform was twiw that considered safe by that a sore, drythroaf fatigue, and a 

energetic. The headaches went nation's stadads, which are based on 'high-kquency low-grade fever and chills. She 
away and my sleep was more components that known to cause an array of health was unable to concentrate. 
restful," he said. He was no problems in humans,' includingramr and leukemia. -TS identifya cause. 
longer plagued by sleep apnea Tests for throat infections were 
and no longer prone to losing to rduce ground currents, but negative. Three years later, she was 
his balance. He subsequently reduced none are completely effective. diagnosed with chronic fatigue 
the number of prescriptions to four. 

His pain was deviated after a doctor syndrome. 

were never able to identify treated him for injuries usually catherine noticed und in 
the cause ofhis*m, aSS0Ciated with e ~ e c t r d o n .  Hager her symptoms. They were worse at 
predicted he would never the has purchased several oscilloswpes ce- times (oo Saturday night and 
mobility and strength he lost and Sundays, for example) and during 



One school's experience 
hen filters were districts in Wisconsin will be required "1 had considerable doubts about 
installed in an to have their schools tested and fiters electrical pollution being the reason for w elementary school in installed if the need is there," she wrote. these symptoms but was pleasantly 

Wisconsin recently, staff members surprised and extremely pleased to find 
quickly noticedaremarkable difference "Ever since the fiten were relief a short time after filters were 
in how felt and an improvement in in the building 1 have been feeling much installed in our building. 1 am not 
the behavior of the students. better. 1 do not get headaches and 1 do taking any medicatiOm 

not feel tired all the time. Also, I have feeling My symptoms are no 
The guidance mumelor at the school more energy than before the fiters"onger presmt and have not had any 

said the migraine headaches she had wrote Ruth Pfae the school secretary. changes in my wo* Or experienced six months after starting to 
work at the school disappeared. she Lisa Guaderson, a teacher at the school Ms ChdersonwrOte. 

for five years, said she had experienced 

one  teacher's experience 
Angela Olstad, 37, is a teacher and building principal of the elementary school in Wisconsin where filters were 

*ed. 
Installation of the fiters ended her hellish descent into a crippling array of health problems. 
After teaching in the district for 10 years, she immediately experienced lung problems and was administered steroids 

and used an an inhaler after starting to teach at the school. The problems abated during the summer. 
The next year, she went ''numb &om head to toe" and suffered &om double vision shortly after the school year began. 

"1 was so weak and disoriented that 1 could barely put my head on the pillow," she says. "On any given day, there was 
a 50-50 chance that 1 would remember the name of a student." 

Again, the symptoms abated during the summer. 
The third year, the entire left side of her body went numb, h m  her head to her toes. Her doctor, a chiropractor, an 

allergist, an eye doctor andneurologist couldn't diagnose her condition. Eventdy, she was diagnosed with '%enign 
multiple sclerosis," but refusedmedication She was told that multiple sclerosis was the leading ailment among women 
her age in the Midwest. 

Her symptoms again subsided during the summer. 
The symptoms returned when she resumed teaching at the school for the fourth year and she decided to no longer 

teach five days a week. She was considering resigning. 
A few months later, filters were installed in the school. A year later, she has no symptoms of multiple sclerosis. "1 

was the sickest person at the school -and the biggest skeptic (about electrical pollution)." 
"1 haven't had a headache since," she says. "Andl haven't missed a day of school during the last year due to illness." 
The state health department had attributed the problems at the school to mold and undertook two projects, costing 

more than $200,000, to correct the problem, with no discemable decrease in the health problems at the school. The 
cost of the filters - $18,000 for three buildings, as well as an appreciable decrease in the repair bills for electrical 
equipment, Olstad says. 

People tend to take her account seriously, she says, because they remember how sick she was just a year ago when 
her face always had a purplish-red tint. 

She has asked officials with the state to investigate her concerns and to consider takhg similar action in other 
schools mund the state. She has not received a reply. Utility representatives have decried the school's action as a 
waste of money. 

Many of her fiends and relatives have also installed filters, and report improved health involving everything &om 
lung ailments to migraines. Her 97-year-old grandmother installed them, then asked to have them removed because 
they "weren't doing anything." A week later, she begged to have them back because she was suffering from severe 
headaches. 

also discontinued her allergy Shanon Rodenberg, also a teacher, 
medication numerous health problems since she wrote that she did have the same 

started working at the school, including asthma symptoms,, after the mters were 
"1 feel more motivated and refieshed "extreme fatigue, headaches, installed. 
to do my job in the best manner 1 can. forgetfulness. and increased anxietv - 
Overall, 1 feel our students and staff over minor happenings." A doctor 
have greatly benefited &om these prescribed anxiety medication, which Gntinued on foilowing page 
filters. 1 hope that someday all school did not relieve the symptoms. 



One school's experience 

"The other thing 1 have noticed is my 
memory is better," she wrote. 

Constance M. Alvin, reading 
specialist at the school for 10 years, said 
she had experienced "fatigue, 
headaches, stress, and general feelings 
of malaise throughout the school year, 
with the end of the year being the most 
unpleasant." Soon after filters were 
installed, she noticed she was not as 
fatigued and her concentration 
improved. 

"1 have not changed my work habits 
or anything in my personal life that 
would contribute to these changes 1 
have noticed," she wrote 

Mindoro Elementary School, N181 
State Rd. 108, Melrose, WI 54642; 
(608) 857-341 0 

A nurse's perspective 
Char Sbraggia, the nurse for the 

school district, wrote that there has 
been a remarkable decline in the se- 
verity and incidence of asthma 
among students after filters were 
installed. 

Many students previously requifed 
nebulizer treatments once or twice 
a day while at school, she wrote. 
Durng the year after filters were in- 
stalled, she didn't administer one 
nebulizer treatment and "of the 37 
students with W e r s ,  only three of 
them use the inhaler for their exer- 
cise-induced asthma before Phy 
Ed," she wrote. 

"Teahers are stathg they are less 
fatigued and tired," she wrote. 'The 
sense of smell came back for me. 1 
lost it for dme years and the doc- 
tors said it was my allergies." 

She also reported that students 
"seantohavemoreenergyandseem 
less tired" Membas of the staff also 
report a reduction in their use of al- 
lergy medications and in the inci- 
dence of migraines. 

certain weather conditions (worse when 
it rained, better during droughty 
conditions). There seemed no logical 
reasons for those patterns until she 
realized that they coincided with 
periods of peak electrical demand and 
changes in soil conductivity. 

Catherine learned about the 
relationship between her condition and 
electrical pollution after reading an 

I Sicker when the soil is / 
1 more conductive I 
article in an agricultural 
publication about farmers' attempts to 
deal with so-called "stray voltage." 

She contacted the industrial 
electrician who was helping f$rmers and 
immediately turned off the power in the 
house. She says there was a "definite 
improvement" in her health and that of 
her husband. Both immediately 
experienced more restful sleep, for 
example. 

They also installed several types of 
filters and have employed a variety of 
measures to limit their exposure to 
electrical pollution. All have had 
beneficial health effects. It has been 
impossible to completely eliminate 
electrical pollution from their 
environment, however. She is adversely 
affected by the high-frequency bursts 
of current create by strobe lights on 
nearby cellular towers, for example. 

Since learning about electrical 
pollution, Catherine has tireless in her 
efforts to warn others of the danger. 
She has established a web site about the 
topic (www.electricalpollution.com) 
and frequently addresses agricultural 
and other groups, encouraging them to 
seek legislative remedies for the 
problems. 

"People whose health has been most 
affected are most interested (in 
electrical pollution) because they have 
the most to gain," she says. 

Shivani Arjuna, 59, doesn't think she 
would be alive today if she hadn't 
learned about electrical pollution. 

Two years ago, her blood pressure and 
heart rate periodically incrcased wildly, 
and she experienced extreme heart 
arrhythmas even though she had no 
history of heart problems and her blood 
pressure had always been low.. She was 
conveyed to the emergency room of the 
local hospital several times where, in 
spite of $18,000 in tests, including an 
MRI of her brain, doctors couldn't 
arrive at a diagnosis and eventually said 
she was experiencing "panic attacks." 

Her life was characterized by months 
of poor sleep, during which she would 
awaken after four or five hours. She 
usually required two hours to get to 
sleep and also experienced severe 

an invalid.' 
- - 

intesthral 
distress. She thought her problems 
might somehow be related to her bed, 
but conditions didn't improve when at 
other locations in her home. 

"1 was an absolute wreck," she says. 
"1 was nearly an invalid My husband 
cared for me." Homeopathic remedies 
alleviated some of the symptoms, but 
she obtained real relief only after 
installing filters. Most homes require 20 
filters. lt took 37 filters to reduce levels 
of dirty current in her home. Industrial 
electrician Dave Stetzer said levels of 
radio-frequency cu~~en t  in her home 
were among the highest he had 
measured. (Her utility said its 
measurements, which were made at the 
same time, revealed nothing of 
concern.) 

Arjuna is now so electrically sensitive 
that eventhe arcing in a car's electrical 
system affects her and prevents her 
h m  driving. She and her husband have 
taken several measures to reduce her 
exposure to harmful electrical 
phenomena, including the installation 



of shielded phone lines and modifying 
the hot water heating system, which 
conducts ground current, to reduce her 
exposure in the kitchen to "bearable" 
levels. 

She now gives workshops on the 
effects of electrical pollution and 
methods to reduce exposure. She has 
learned that many people are bothered 
by electrical pollution, even though 
they aren't as electrically sensitive as 
she is. 

Once they realize how good they feel 
in an uncontl environment, they realize 
how bad they feel in contaminated 
environments, she says. 

The Jansky Family 
The health problems of the Jansky 

family became worse about a year ago. 
Everyone in the family began 
experiencing bouts of unexplained 

A remarkable 
improvement in theh 

children's diabetes 

illnesses, including stomach cramps 
and headaches. One son was 
hospitalized with stomach problems, 
although doctors didn't provide a 
diagnosis. Tom, 45, was not as severely 
affected as his six children and wife, 
Brenda, 42, which he attributes to the 
fact that he worked away from the 
house. Their children are home- 
schooled and remained at home all day. 

The most worrisome development 
was the diagnosis of diabetes in their 
son, Daniel, 1 1. Their daughter was 
diagnosed with diabetes soon after birth 
and it was unusual for the disease to 
afflict two children in the same f i d y .  

Tom read an article about electrical 
pollution. "When I read it, 1 thought, 
'Wow. That sounded just like us,"' said 
Tom. He had measurements made in 
their home and installed 20 filters 
immediately after learning there were 
high levels of radio-hquency current 
in the home's wiring. 

"The family's health problems pretty 
much disappeared," says Tom. Most 
surprising to them was a dramatic 
reduction in the insulinrequirements of 
their two diabetic children. 

They have confirmed the relationship 
between electrical pollution and insulin 
levels several times. For three weeks 
during the summer, they vacationed in 
a remote area of Montana, which was 
ike of electrical pollution. The blood 
sugar levels of both children dropped 
and remained "very stable," says Tom. 
Brenda notes that blood sugar levels 
remained stable, regardless of the 
children's level of activity 

In April, the children's blood sugar 
levels began climbing and became 
difficult to manage. When tghe family 
visiteda fiend who livedmore than 30 
miles away, their children's blood sugar 
levels decreased markedly, which they 
subsequently attributed to the fact that 
their fiend's house was located in a 
sandy region where the soil was less 
conductive. Theyremained atthe house 
for several days to confirm their initial 
observation. 

Nancy H. 
Nancy H., who wants to remain 

anonymous., 42, often chokes up as she 
recites the health problems that have 
plagued her MY, a litany of grief and 
sorrow that is disproportionately large 
for a family of five. She is divorced with 
four children 

The harrowing chronicle began more 
than 15 years ago when she moved with 
her family to a small town in north 
central Wisconsin. At the time, she 
instinctively knew something was 
'bvrong." 

It was apresentment that she has since 
learned to trust although at the time, she 
couldn't identify what in the 
environmenthad led to the feeling. 

The health problems worsened when 
she moved to a house in a rural area. 

Immediately after the move, her infant 
son, who had placidly slept through the 
night for several months, began 

doubling up in pain and screaming, for 
reasons that doctors weren't able to 
asceaain. 

Her children always seemed sick with 
colds, fevers, congestion and slight 
temperatures. Her boys were shorter 
than normal, One son experienced 
severe growth paios and aching legs. 
Her daughter had crippling migraines. 

Her two older children developed 
severe ear infections One son suffered 
a 50 percent hearing loss, the other 
son's loss of hearing was even more 
extensive. 

During one harrowing year, her sons 
in first, third and fifth grade were 
lethargic and suffered from severe 
bowel problems c u e d  by food 
passing through nearly undigested. 
They had idark circles under their eyes, 
slept excessively, with poor growth and 
learning difficulties. 

"The boys would be playing, and 
suddenly they wouldget headaches and 
stomach aches," says Nancy. A team of 
doctors at amajor metropolitan hospital 
codinned that the children were sick, 
but could not diagnose either the 
ailment or the cause. One doctor 
susoected cancer. 

In the search for answers, Nancy had 
the water and air tested, stopped eating 
homegrown vegetables in case there 
was something in the soil, and 
eliminated any foods (such as Alar- 
treated apples) that had been 
implicated in any type of ailment. She 
sought medical help so frequently that 
some doctors questioned whether she 
was fabricating the ailments to get 
attention. It was one more sickening 
obstacle for a heartsick mother trying 
to alleviate the suffering of her children 

Nothing helped but exactly one year 
and one day after the boys became sick, 
the intestinal ailments inexplicably 
vanished. 

Nancy's health had also declined. 
After suffering from severe fatigue, 
weakness and inability to concentrate, 
she was diagnosed with multiple 
sclerosis. And although her daughter 



didn't suffer as much as the boys, her 
fingernails would slough off and her 
hair would fall out by the handful. 
Nancy now thinks that the conductive 
metal grid in the suspended ceding of 
hex sons' bedroom may explain why 
they were often affected more than her 
daughter. 

Electrical appliances in the house 
often failed. Nancy kept boxes of 
telephones that had gone bad because 
she somehow felt that they might be 
related to what her family had 
experienced. Light bulbs frequently 
burned out. Other major electrical 
appliances required frequent repairs. 

On April 2,2001, she installed filters 
in her house. Nancy says the family's 
health improved noticeably within a 
week. She began thinking clearly and 
was no longer fatigued. Others 
commented that she no longer stuttered 
and stammered 

Feeling worse 
1 when neighbors use I 
1 more electricity 1 

She uses a meter to monitor electrical 
conditions and notices that her 
condition worsens when levels of 
electrical pollution increase. 

'It's a world of difference," Nancy 
says. Her children took longer to 
improve but they, too, have more 
energy. "For the first time in their lives, 
1 don't have to take them to the doctor 
anymore," Nancy said 

Marcy Fry 
Marcy Fry can trace the downward 

trajectory in her health to the birth of 
her second child 16 years ago. A 
subsequent temporary diagnosis of an 
underactive thyroid, which went away 
without medication in a few months, 
explained some of the symptoms, but 
not the panic attacks, the exhaustion, 
the lack of restful sleep and jolting 
awake in a total panicked state at the 
same time in the middle of the night. 

Her condition worsened and she 
could no longer work after her office 
was moved to a former school whose 
electrical system hadn't been updated 
to accommodate computers and other 
electronic equipment. 

She has been off work since June 4, 
1999, when, she was fu l ly  diagnosed 
with chronic fatigue syndrome, 
fibromyalgia, panic disorder and 
irritable bowl syndrome. She linked 
these ailments to electrical pollution 
when she participated in a preliminary 
study of fiters. During the study, the 
filters would be turned on and off at 
intervals. Participants in the study 
weren't told when the filters were on, 
but Marcy says she knew immediately. 

The study was conducted over the 
holiday season, a period of peak 
electrical demand. "lt was a double 
whammy when they turned them off," 
she says. 

She's had the filters in her house ever 
since. She is still exhausted and very 
thirsty most of her waking hours, but 
she is no longer as badly afflicted with 
irritable bowel syndrome, nor as prone 
to the bouts of anger, panic and mood 
swings that charackrized her behavior 
before she was forced to quit her job as 
a recreation director. 

She believes her health is stil l strongly 
affected by electrical pollution. The 
filters removed radio-frequency current 
h m  her home's electrical distribution 
system but not from the rest of the 
environment. Measurements have 
shown that her home environment is in 
a sea of electrical pollution, including 
ground currents. 

She worries about her children, who 
often have trouble f d g ,  a codtion 
that she also attributes to electrical 
pollution. 

Kurt Gutknecht 
Kurt Gutknecht, 56, is a journalist 

who has written extensively about 
electrical pollution. 

More than four years ago, he asked 
why dairy h e r s  in Wisconsin were 

stil l complaining about so-caued "stray 
voltage" almost three decades after the 
issue was first publicized. 

He found more than he anticipated - 
what he now calls "the nation's largest 
public health problem" He discovered 
that humans were as sick &om electrical 
pollution as livestock, and that the 
problem wasn't confined to rural areas. 

After his articles appeared, he was 
inundated with calls &om farm families 
who had lost their farms due to the 
problem, with no hope of restitution. 
He visited dozens of fimm in three 
states. Most families at locations where 
levels were high also had severe health 
problems. 

He says the problem persists in large 
part because the gov&ent has ceded 
oversight to utility interests. "The 
utilities' ability to control access to the 
technology used to measure electrical 
pollution lets 

'The nation's 

I largest public 1 1 health problem' ( 

them bury the issue under a cloud of 
technical jargon and half-truths," he 
says. 

But he says the most disturbing aspect 
of the problem is the fact that the 
government, with the complicity of 
selected researchers, has abandoned all 
pretense of independent oversight and 
objectivity. ''1 was sickened at what 
h families experienced when they 
lost their farms due to electrical 
pollution. Unfortunately, anyone who 
tries to get help for the problem receives 
the same treatment." 

Gutknecht realized his home was 
polluted three years ago during 
Christmas when his family became 
extremely tired and depressed. Both 
conditions vanished after fiters were 
installed. His office was so badly 
polluted that he was unable to think or 
write after spending a few hours in it. 
He complained to the local utility, who 
claimed there was no problem, although 



levels of pollution decreased after their 
"investigation." 

"The full extent of the problem won't 
be apparent until journalists actually 
spend time in the field with 
independenf competent investigators," 
he says. Until then, he says the media 
will continue to report the opinions of 
"experts" who are either poorly trained 
or whose objectivity has been 
compromised 

Jerry Daniels 
Dairy farmer Jerry Daniels has dealt 

with so-called "stray voltage" on his 
 isc cons in faun for more than adecade. 
He says it's only when he tookreadings 
with equipment developed by Dr. 
Martin Graham that he was able to 
monitor the source and extent of the 
problem. 

This inexpensive meter developed by 
Dr. Martin Graham detects levels ofra- 
dio-fkequency radiation on household 
wiring. 

He discovered the levels of electrical 
pollution on a neighboring farm, where 
average milk production was much 
higher, were much lower than on his 
farm. 

On Daniels' behest, filters were 
installed in a local elementary school, 
reducing the incidence of severe 
headaches experienced by students and 
teachers. He has installed filters in the 
homes of friends, relatives and 
neighbors, who aU report impmvements 

in their health. A diabetic's insulin 
requirements declined by 50 percent. 
An 18-year-old, who had had a brain 
operation to remove a tumor, was 
finally free ofheadaches &r suffering 
for more than a year. His 84-year-old 
parents spent days at the fair with their 
grandchildren. They used to be tired 
after just three hours. 

Another neighbor, who was retired 
and largely bedridden, said he was 
prepared to die after spending $100,000 
at a regional medical clinic, where 
doctors couldn't diagnose his condition. 
He's now leading an active life &r 
filters were installed in his home - and 
after removing his hearing aid Daniels 
knows the hearing aid contributed to the 
man's problems, perhaps because it 
magnified pollution in the environment. 

A woman recovering from a knee 
operation found exercise was too 
painful - until Daniels found her 

The 'proof' comes 
in helping 

people recover 7 
treadmill, which had a variable 
hquency drive motor, was producing 
high levels of radio-frequency 
radiation. His brother-in-law 
experienced severe heart arrhythmia 
after working around equipment with 
variable speed drives. 

"1 felt 10 years younger &r installing 
the fdters," he says. 

Daniels realizes that these accounts 
don't constitute "proof" of the link 
between electrical pollution and health 
problems, but hey have convinced him 
that it's a legitimate concern. 

"Recovery (after installing fdters) 
sometimes takes a while. After a month 
or so, people realize they no longer feel 
as bad," he says. 

The electronics industry and the 
utilities should share responsibility for 
correcting the problem, he says. "1 
know h e  problem is real." 



Dairy farmer Jerry Daniels has 
dealt with so-called "stray voltage" 
on his firm for more than a decade. 
He says it's only when he took 
readmgs with the meter developed by 
Dr. Martin Graham that he was able 
to monitor the source and extent of 
the problem. 

He discovered the levels of 
electrical pollution on a neighboring 
farm, where average milk production 
was much higher, were much lower 
than on his farm. 

On Daniels' behest, filters were 
installed in a local elementary school, 
reducing the incidence of severe 
headaches experienced by students 
and teachers. He has installed filters 
in the homes of fiends, relatives and 
neighbors, who all report 
improvements in their health. A 
diabetic's insulin requirements 
declined by 50 percent. An 18-year- 
old, who had had a brain operation 
to remove a tumor, was f d y  kee 
of headaches after suffering for more 
than a year. His 84-year-old parents 
spent days at the fair with their 
grandchildren. They usedto be tired 
after just three hours. 

Another neighbor, who was retired 
and largely bedridden, said he was 
prepared to die after spending $ 100,000 
at a regional medical clinic, where 
doctors couldn't diagnose his condition 
He's now leading an active life after 
filters were installed in his home - and 
after removing his hearing aid Daniels 
knows the hearing aid contributed to the 
man's problems, perhaps because it 
magnified pollution in the environment. 

A woman recovering kom a knee 
operation found exercise was too 
painful - until Daniels found her 
treadmill, which had a variable 
fkquency drive motor, was producing 
high levels of radio-frequency 
radiation. His brother -in-law 
experienced severe heart arrhythma 
after working around equipment with 
variable speed drives. 

"1 klt 10 years younger after installing 
the filters," he says. 

Daniels realizes that these accounts 
don't constitute "proof' of the link 
between electrical pollution and health 
problems, but they have convinced him 
that it's a legitimate concern. 

"Recovery (after installing filters) 
sometimes takes a while. After a month 
or so, people realize they no longer feel 
as bad," he says. 

The electronics industry and the 
utilities should share responsibility for 
correcting the problem, he says. "1 
know the problem is real." 
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Electrical pollution takes its toll on school 

by Ken Luchterhand of the Chronicle 

Angela Olstad almost quit being a fourth grade 
teacher and principal. 

Although she loved her job at the Mindoro school, 
she couldn't handle being sick so often. 

The whole right side of her body went numb. She 
had terrible headaches, vision problems and felt 
completely exhausted at the end of a work day. 

She had never been able to teach for an entire week 
without calling in sick. This had gone on more than 
two years. 

She was about to quit when a cause had been found 
for her illness - electrical pollution. 

Rf  meter in her right hand. Ideally, the Rf  
Electrical filters soon were placed throughout the meter should show below 50 for a healthy 
school and now she says she feels better than ever. enviroment. Chronicle photo by Ken 

Luchterhand 
She's not the only person making these claims. 
Several other teachers have been convinced of the electrical pollution theory and swear to its 
authenticity. 

"I feel better," said teacher Sharon Kaczrowski. "AU my sinus problems are gone. I was always 
fighting a sinus infection before." 

Teacher Aide Dawn Rand agrees, and said she used to experience chest pains and sinus problems. 
Before, when she walked up the stairs, she could hardly breathe. Since the filters have been installed, 
she hasn't had any chest pains and her sinuses have cleared. 

"I'm definitely a believer," Rand said. "I have them installed in my home now." 

OIstad has worked for the Melrose-Mindoro School District for 15 years. She worked at the Melrose 

http://www.jacksoncountychr0nicle.com/articles12004/02/12/newdO01ead. prt 211 2/04 
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building as a kindergarten teacher for 10 years, then switched to the Mindoro building five years ago, 
when she began teaching fourth grade. 

That's when the health problems began surf8cing. 

At the end of October during her first year, her whole right side went numb, a problem that continued 
for four months. Her ability to think became dficult and she always felt exhausted. She began to see 
double at the end of the second year. 

Meanwhile, Administrator Ron Perry was trying to find out what was causing her illness. State 
inspectors came to the school and, after some analysis, they determined it was being caused by mold. 

During the summer, the school was completely cleaned, including the heating ducts, tunnels and 
ceiling tiles. It cost the district about $100,000, she said. 

Olstad's health improved during the summer because she spent time away fiom her classroom. 

However, when she returned to her third year at Mindoro, the symptoms returned. The numbness on 
one side of her body returned. 

"I need to be out of this room," she told herself. "There must be something that was skipped." 

She told Perry about the return of her health problems and her classroom was completely stripped and 
cleaned. Everything was bleached. 

"My students were in a traveling classroom for a month while they tore my classroom apart," Olstad 
said. 

She had been to a general practitioner physician, an allergist and an eye doctor. A neurologist at Mayo 
Clinic diagnosed her as having benign multiple sclerosis. 

"I had never been so sick in my We," she said. "It even hurt to put my head on the pillow at night." 

The sickness was so great, she was ready to quit teaching. 

Then, early one morning Perry and Melrose-Mindoro District Board of Education President Bob 
Hardie came to the school to hold a meeting. They told the group of teachers they think they know 
what the problem might be. 

The only thing that had changed over the years, they explained, was the amount of electricity used by 
the school. More computers and other electrical devises increased the demand for electricity. 

The culprit: electrical pollution emanating fiom the electrical wiring, they concluded. 

"I didn't want to believe it," Olstad said. "I was the biggest skeptic there." 

Dave Stetzer of Stetzer Electric, Blair, was contracted to isolate the problem and make any 
adjustments to alleviate the problem. Stetzer found the amount of radio frequency electromagnetic 
fields were too high, so he installed electrical filters in every outlet. 
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Besides the Mindoro school the Melrose-Mindoro High School and the Melrose school also were 
fitted with filters. 

Weeks after the ater  installation, Olstad and other teachers began to report they felt much better. 
Even students were in better health, she said. 

Before the problem was diagnosed, 37 children were on inhalers. Now, only five children are using 
inhalers. 

"I haven't had a headache since. I have never felt this good," Olstad said. "Some people come here 
feeling bad and when they leave at the end of the day, they are feeling good." 

The temperature in the computer lab dropped 20 degrees since the filters have been installed, yet the 
thermostat hasn't been changed. 

Many of the teachers have installed electrical filters in their homes. Each ater  costs $25 and it usually 
takes 20 for an average house, Olstad said. 

Stetzer recently spoke before the Wisconsin School Board convention about the hazards of electrical 
pollution. Blair-Taylor, CFC, Brighton and Marshiield schools now have filters installed at each school 
building. 

Rep. Barbara Gronemus @) - Whitehall has introduced legislation (bill AB529) that would require 
something done about electrical pollution. 

"It's time they do something," Olstad said. "What is it doing to our children?" 

No one from Xcel Energy, the supplier of electricity to the school, would speak on the subject. 

Also, no doctor could be located who would speak on the validity of electrical pollution's affects on 
health. 

"It has changed so many lives," Olstad said. "I'm so thankful that the filters have been installed. The 
cost is so minimal considering the benefits." 

All stories copyright 2003 The Chronicle and other attributed sources. 



A Michigan daq farmer who had been plagued with cows stepping while millung and with decreased milk 
production had the power company remove their Grounded Wye (Y) Distribution Pole fiom the h and he had 
a new system installed to stop electricity from the uthty's neutral-wound current from pollubng the premises 
and irritating the cows. This herd had been 2"d , 4h, and 4~ highest producing herd in Michqpn, but milk 
production had decreased dramatically so they were ranked 45&, 40y 26h, 4@, and 20h before the problem was 
corrected by moving the neutral off the h in 1997. The herd's milk production then returned to Top Herd in 
the state. Some 255 Michigan herds fled stray voltage complaints with the Public Service Commission in 1995. 

Top Michigan Herd Increased 
After Removing Utility Neutral Pollution 
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Figure 1. Top Michigan Herd Milk Response to 
'Dirty Electricityn 

Installation of a shielded isolated neutral transformer between the power company neutral and the farm 
neutral was successful for eliminating the primary neutral current which had been causing the cows and young 
stock to become sick and decreased milk production, while threatemg bankruptcy on a daq f m  in Virginia. 
On the very day the shielded isolating neutral transformer was installed, the cows walked into the parlor without 
coercion and milk production per cow began increasing. Recovery required about eghteen months for the herd 
to return to 60-70 pounds milk per cow per day, from 3 1 pounds per day when they hit rock bottom after about 
three years of decline. In this case, the utility had changed the lines serving the firm, and had changed fiom a 3- 
phase circuit to a single phase line to the firm and used the same neutral conductor that was serving the 3-phase 
circuit. Data-logger revealed that neutral-to-barn-ground voltages on the utility side of the isolation transformer 
averaged 1.08 volts (minimum 0.5 and maximum 2.08 V) for 19 days. The average current was 2.2 mA, 
assuming 500 ohm resistance of the cow. We now h o w  that odd numbered harmonics, 180 Hz and higher, are a 
large part of the current concentrated in the neutral conductor from a 3-phase line. The shieldmg on the isolation 
transformer coils prevents the harmonic current from being induced onto the isolated Secondary neutral 
conductor of the dairy fkm. The 3d, 5~ and harmonics were related to the number of cancer cases in 
Denver homes. 

MilWCow Decreased Until PN-G Transformer Installed 
BEFORE: Utility Primary Neutral = 0.96 V 

AFTER: Shielded Neutral L60htion Transformer, PNG = 0.01 V 
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Rgure 2. Milk Production Increased When Shielded 
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DESIGNERS, MANUFACTURERS & REBUILDERS 
Transformers, Reacton. Specialty Magnetic Devices 

Roanoke. Va. 2401 3 
Phone 540-427-306 1 
Fax 540-427-3A00 . 

Matline Acldress: 
P.O. Box 8 189 
Roanoke. Va. 24014 

The shielded 'Neutral Isolatintj Transformer is designed, manufactured and tested 
to the latest NEMA; ANSX,'IEEE Standards utilizing all copper windings, a thermally 
upg;aded Class H Insulation system, and a NEMA 3R indoorjoutdoor drip-proof 
ventilated steel enclosure. 

Two standard models cover most installations; however, custom designs can 
easily be developed. 

SO KW: For standard 2.00 A ~ D  120-240 Volt Service 
Model # TX-1088-50-2 

100 KVA: For standard 400Ame 120-240 Volt Service 
Model #TXr1088-100-2 

The.Shielded Neutral Isolating Transformer is permanently wired between 
Your TranslerlDisconnect Switch and your Main Fuse/ Breaker Panel feeding your 
dairy. The Input to the transformer is 240 Volts, 2-wire; the Output is 240 Volts, 

. 3-wire 120-240 (240 V Grounded Center-tap Neutral). The Grounded Center-tap 
of the transformer now becomes your Isolated Neutral to be bonded to your 
Ground system for the dairy.. 

Don't know if vou have a ~roblern? Give us a call. Our engineering staff will 
survey your farm, check your power requirements and your equipment using 
methods developed to locate your problem and the source of your 'Stray Voltage' 
and can then recommend the best solution. References available on request. 

C .23 
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/ a -' 1 Chronic Fatigue Syndrome - Is prolonged 
'dm exposure to environmental level powerline 

frequency electromagnetic fields a co-factor 
to consider in treatment? 

D. Maisch, B. Rapley, RE. Rowland, J. Podd* 

.- -.-. -. . -- 
ABSTRACT 

This paper outlines a brief description of the illness commonly known as Chronic Fatigue Syndrome 
(CFS) which is becoming increasingly common in modern westernised countries. While CFS has 
become somewhat of a 'catch-all' of medical symptoms, it is still commonly diagnosed by exclusion of 
other diseases rather than a specific, unique symptomatology. 

One feature of the disorders commonly termed CFS is a depressed immune system. This paper 
attempts to link the impaired immune function associated with CFS to possible chronic low-level 
exposure to extremely low frequency (ELF) electromagnetic fields (EMFs). The evidence includes 
both in vivo and in vitro studies in both human and animal systems. In particular, the recent link 
between ELF EMFs, melatonin and the immune system are outlined. 

The authors conclude that, although the link between ELF EMFs and cellular dyshnction are far from 
proven, sufficient evidence exists to suggest a causal link. Lack of h l l  scientific certainty should not be 
used as a reason for postponing prudent avoidance of ELF E m s ,  particularly in cases where CFS has 
already been diagnosed. 

- - -  - -- . . .  .. 
KEY WORDS 

Chronic Fatigue Syndrome; CFS; electromagnetic fields; EMF; 50 - 60 Hz; melatonin; prudent 
avoidance. 

With any illness characterised by chronic fatigue, such as CFS, Chronic Fatigue (CF) and Immune 
Dysbction Syndrome (CFIDS), Chronic Epstein-Barr Virus (CEBV), Myalgic Encephalomyelitis 
(ME), and Multiple Chemical Sensitivity (MCS), the important outcome is a severely dysfunctional 
immune system. 

Evidence that these conditions involve an immunological disorder is accumulating rapidly. Within the 
past few years various abnormalities have been found in the immune system of CFS patients, for 
example. These include alterations in the activity and cell surface structure of two important types of 
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white blood cells: natural killer cells and T-lymphocytes. In some patients, subtle changes have been 
found in the levels of neuroendocrine hormones in the brain. Evidence indicates that CFS is associated 
with, if not directly caused by, a persistent, low-level impairment of the immune system. 

Irrespective of the 'trigger' of the condition, whether it be viral, an environmental factor, a genetic 
predisposition, stress, or a combination of these factors, any additional contributing factors which may 
also detrimentally affect the immune system should be identsed, investigated and eliminated (or 
reduced) as part of the treatment. 

In this regard, a co-factor may be considered anything that may cause hormone disruption and 
biological changes at a cellular level, thus interfering with immune system fbnction. This co-factor may 
not have initiated the condition, but exposure to it may fhther stress an already affected immune 
system. As long as such a situation exists, any treatment is unlikely to have any lasting effect. 

Existing evidence indicates that exposure to environmental level 50 - 60 Hz EMFs may be an immune 
system stressor with the potential to cause hormone disruption and changes at a cellular level. 
Therefore, EMF exposure should be evaluated as a potential risk factor for people suffering from 
disorders with the common feature of unexplained chronic fatigue. 

CHRONIC FATIGUE SYNDROME (CFS) 

CFS is a general label used to describe a debilitating illness, the cause of which is still unknown. CFS 
is also referred to as CFlDS (Chronic Fatigue and Immune Dyshnction Syndrome), CEBV (Chronic 
Epstein-Barr Virus), ME (Myalgic Encephalomyelitis), as well as several other designations. It is a 
complex illness which has been intensively studied for the past 40 years without firm conclusions as to 
its cause. Diagnosis is done largely by exclusion of other possible diseases. 

Clinical CFS is characterised by incapacitating fatigue (experienced as exhaustion and extremely poor 
stamina) of at least 6 months' duration, neurological problems and a constellation of symptoms which 
can resemble other disorders, including: mononucleosis, multiple sclerosis, fibromyalgia, aids-related 
complex (ARC), Lyme disease, post-polio syndrome and autoimmune diseases such as lupus. These 
symptoms tend to wax and wane but are often severely debilitating and may last for many months or 
years. AU segments of the population (including children) are at risk, but women under the age of 45 
seem to be the most susceptible. As with most diseases, CFS affects people differently. Not everybody 
reaches the severe end of the CFS spectrum ' . 
There is a difference between CF and CFS. CF is a fairly widespread symptom in the community, 
whereas CFS is an unexplained debilitating fatigue of at least 6 months duration which severely 
reduces the level of activity. CFS is considerably less common. 

In addition to persistent and extreme fatigue, usually with an abrupt onset accompanied by an 
'infectious-like' illness, other CFS symptoms that have been identified include the following: 
substantial impairment in short-term memory and concentration; depression; sore throat; tender lymph 
nodes; muscle pain; multi-joint pain without joint swelling or redness; unusual headaches; unrefieshing 
sleep; cognitive function problems (such as spatial disorientation and impairment of speech andlor 
reasoning); visual disturbances (blurring, sensitivity to light, eye pain); chills and night sweats; 
dizziness and balance problems, sensitivity to heat and cold; irregular heartbeat; abdominal pain; 
diarrhoea; irritable bowel; low temperature; numbness or a burning sensation in the face or extremities; 
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dryness of the mouth and eyes (Sicca syndrome); hearing disorders; menstrual problems including 
PMS and endometriosis; hypersensitivity of the skin, chest pains; rashes; allergies and sensitivities to 
odours (including chemicals and medications); weight changes without changes in diet; hair loss; 
lightheadedness; fainting; muscle twitching and seizures-. 

Research suggests that CFS results fiom a dysfbnction of the immune system, involving a disruption of 
fbndamental Central Nervous System (CNS) mechanisms, such as the sleep-wake cycle and the 
hypothalamic-pituitary-adrenal axis . One study found that more than a quarter of CFS patients had 
abnormal brain scans, and subtle changes have been found in the levels of neuroendocrine hormones'. 
Other research has found electrolyte disturbances which sometimes included permanent changes in cell 
membranes' ability to pass electrolytes, permanent biochemical changes in mitochondria1 function and 
disturbances of insulin and T3-thyroid hormone hnctionsi. 

In 1989, Hickie, Lloyd and Wakefield, at the Prince Henry Hospital in Sydney, published results which 
show a significant reduction in the absolute number of peripheral blood lymphocytes in the total T-cell 
population and in two T-cell subsets, as well as a significant reduction in T-cell function. They also 
found reduced immunoglobulin (antibody) levels . In a later paper, fbrther alterations in peripheral 
blood T lymphocytes and impaired natural killer cell cytotoxicity were reportedq. 

Based on physical and laboratory findings, many scientists believe that viruses are associated with CFS 
and may be directly involved in causing the syndrome. Several viruses have been studied to determine 
what, if any, part they play. These include enteroviruses, herpes viruses (especially human herpes 
virus-6, or hhv-6) and newly-discovered retroviruses". 

Originally it was thought that the EBV, a herpes virus that causes mononucleosis, was the cause of 
this syndrome. However, researchers now believe that EBV activation (when it exists) is a result of or 
a complication of CFS rather than its cause . To date, no virus has been conclusively shown to be an 
essential element of CFS. 

There is one school of thought that holds that CFS is essentially a psychological disorder. This is 
because several of the symptoms seen in CFS patients are also seen in psychiatric illnesses, notably 
depression and anxiety disorders. Estimates of 28% - 50% have been claimed for the occurrence of 
depression in CFS sufferers, while 15% - 25% is the comparable rate in the general community. 
Depression sometimes appears before the onset of CFS. This suggests that depression might be a 
cause and not a consequence of the syndrome, or that depression may be the first manifestation of the 
illness in some patients. Sleep disorders which usually accompany depression would also exacerbate 
CFS, possibly through the disruption of melatonin activity. The overlap in symptoms between CFS 
and depression unfortunately blurs the distinction between a possible psychological or physical cause. 
However, in view of evidence that depression itself sometimes has a physical cause and responds best 
to physical treatments, there is some evidence that in CFS sufferers, depression may be a result of an 
active viral infection or an immunological disorder . It is also possible that many CFS sufferers 
become depressed as a consequence of the limitations placed on them by their illnessi . 

Research efforts are directed toward identifying and isolating the fbndamental agent(s) responsible for 
triggering immune system disruption in persons with CFS. There are on-going studies of 
immunological, neurological, endocrinological and metabolic abnormalities and risk factors such as 
genetic predisposition, age, sex, prior illness, other viruses, environmental factors and stress. It may 
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eventually be found that CFS is multi-factorial in origin with no single factor identifiable as the cause. 

One factor that may play a role in CFS, is prolonged exposure to low level 50-60 Hz EMFs. We now 
turn our attention to examining the known biological effects of low level ELF EMFs, particularly 
those concerning impairment of the immune system. 

.- -.-. -. . -- 
POWERLINE FREQUENCY MAGNETIC FIELDS AND THE IMIIiII'NE SYSTEM 

As an indicator of the possibility that exposure to low level 50 - 60 Hz EMFs may play a role in 
chronic fatigue/immune system dysfunction, we must look for evidence that human exposure to these 
fields may cause changes at a cellular level, such as hormone disruption and calcium ion efflux", 
which may have the potential to adversely impact on the immune system. 

NCRP DRAFT REPORT GUIDELINES (1995) 

The biological effects of EMFs were examined in great detail by an expert committee of the USA 
National Council on Radiation Protection and Measurements (NCRP), a Congressionally chartered 
organisation which was contracted by the Environmental Protection Agency @PA) in 1983 to conduct 
a review of the biological effects of ELF EMFs. 

Work was discontinued in 1986, due to funding cuts at the EPA, but resumed in 1991. In early 1995 
the draft of the 800-page NCRP report was leaked to the New York-based publication Microwave 
Nms, which published the report's findings in August 1995. The final report was supposed to be 
publicly available in early 1996, but has received such intense industry opposition to its findings that its 
final outcome remains uncertain. 

The Committee's membership was described by chairman Dr. Ross Adey as "carefully selected to 
cover the great majority of societal interests on this scientitic problem, including power industry 
engineers, epidemiologists, public health specialists as well as molecular and cellular biologists" ". The 
draft report generally endorses a 2 mG (0.2 mcT) exposure limit, having immediate implications for 
new day care centres, schools and playgrounds, and for new transmission lines near existing housing. 

A somewhat more flexible policy would be applied to new housing and offices. For existing facilities, 
the committee recommended a more gradual approach with stronger restrictions phased in over time if 
the evidence of a health risk continues to grow. 

The NCRP Committee states that, "In key areas of bioelectromagnetic research, findings are 
sufficiently consistent and form a sufficiently coherent picture to suggest plausible connections 
between ELF EMF exposures and disruption of normal biological processes, in ways meriting detailed 
examination of potential implications in human health. " ' ' 

From studies on humans the committee cites evidence for a link between EMFs and: 1) childhood and 
adult cancer, including leukaemia and brain cancer; 2) teratological effects and other reproductive 
anomalies; 3) neuroendocrine and autonomic responses which, separately or collectively, may have 
pathophysiological implications; 4) neurochemical, physiological, behavioural and chronobiological 
responses with implications for development of the nervous system. 
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From laboratory studies the committee notes that EMFs: 1) affect cell growth regulation in animal and 
tissue models in a manner consistent with tumour formation; 2) increase tumour incidence and 
decrease tumour latencies in animals; 3) alter gene transcriptional processes, the natural defence 
response of T-lymphocytes and other cellular processes related to the development and control of 
cancers; 4) affect neuroendocrine and psychosexual responses. 

In relation to the effect of low level EMFs on the pineal hormone, melatonin, the Committee 
concluded that: 

"There has been a strong focus on ELF field actions in the pineal gland, relating to effects 
on synthesis and secretion of the pineal hormone melatonin, and on a broad series of 
regulatory fimctions mediated by this hormone. Melatonin plays a key role in controlling 
the 24-hour daily biological rhythm. Disturbance of the normal diurnal melatonin rhythm 
is associated with altered oestrogen receptor formation in the breast, a line of 
experimental evidence now under study, or possible links between ELF field exposure and 
human breast cancer. . . Further, melatonin has general properties as a free radical 
scavenger, with the possibility of a preventative role in oxidative stress, recognized as a 
basic factor in a broad spectrum of human degenerative disorders, including coronary 
artery disease, Parkinson's and Alzheimer's diseases, and aging." !' 

According to the Committee, problematic sources of ELF EMFs include local electrical distribution 
systems as well as high voltage power transmission systems. Particular appliances, including electric 
blankets and video display units also rate highly as problem sources along with "various occupational 
environments". The Committee states that the evidence points to human health hazards in everyday 
exposures to EMFs, particularly magnetic fields exceeding 2 mG (0.2 mcT) and electric fields at 
intensities in the range 10-100 V/m (volts per metre). 

"..there is an implication that a significant proportion of the world's population may be 
subjected to a low level of risk, but a risk factor with significant societal consequences, by 
reason of its pervasive nature and the serious consequences for affected individuals." "' 

MAGNETIC FIELD EXPOSURE AT THE CELLULAR LEVEL 

The inter-relationships between various cellular processes are far too complex for a thorough 
discussion here. However, the scientific evidence accumulated to date from cell biology, biochemistry 
and bioelectromagnetics gives an excellent understanding of these processes and how EMFs may 
possibly interact with these processes. It is important to note that laboratory findings are not 
necessarily hlly applicable to real life situations. Cell-level experiments are intended to detect and 
characterise an effect in a system simpler than a multi-celled organism. As such, in vitro experimental 
results are not affected by endogenous homeostatic [repair] mechanisms encountered in the whole 

- 

organism and thus may be more sensitive to applied fields . 

The hormone, melatonin, and the neurotransmitters, serotonin and doparnine, are neurochemical 
messengers that aid in central nervous system transmission, or in the case of hormones, travel 
throughout the body to effect cellular changes. There are believed to be more than 100 transmitters 
and hormones that allow a complex interaction among the CNS, the endocrine system, and the 
immune system. 
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The cell membrane, where transmitters and hormones bind or cross into the cytoplasm, is the likely 
site of any interaction with external man-made EMFs. There are receptor sites both on the cell 
membrane and inside the cell to which these chemical messengers bind, starting a cascade of chemical 
events that may eventually alter the cell's behaviour in one of many ways. 

An apt description of the cellular communication process was given by Dr W. Ross Adey, the former 
Associate Chief of Staff for Research and Development at the Pettis Memorial VA Medical Centre at 
Loma Linda, California, and NCRP committee chairman: 

"It is generally agreed that the first detection of ELF and ELF-modulated RFImicrowave 
fields occurs on the membranes that enclose all cells. These complex cell membranes act 
as detectors, amplifiers, and couplers of weak surface electrical and chemical signals to 
the cell's interior. Cells also communicate with neighbours by outward signals, faintly 
'whispering together' electrically and chemically, through signals that are also sensitive to 

I .  

imposed EMFs. " ' ' 

It is not necessary for external EMFs to penetrate into the cell interior in order to cause changes inside 
the cell, as reported by the International Commission on Non-Ionizing Radiation Protection (ICNIRP) 
in 1996: 

"By influencing signal transduction pathways, which in turn can regulate cell proliferation, 
cell differentiation, and even transformation to a cancer phenotype, ELF-EMFs can 
potentially be involved in a host of disease processes without ever penetrating the cell 
membrane in any significant manner. " ' " 

In summary, EMFs can bring about hndamental changes in both electrical and chemical signalling in 
the CNS. One chemical messenger that has been shown to be particularly susceptible to the influence 
of weak ELF EMFs is melatonin. 

Both human and animal circadian rhythms are synchronised with the natural daylight cycle. The 
major control gland over this natural cycle is the pineal gland which secretes the neurohormone, 
melatonin. In mammals, light falling on the eye's retina during the day, produces signals which are 
biochemically amplified to stimulate the pineal gland to reduce its melatonin output. At night the 
absence of light allows the pineal gland to produce melatonin. Melatonin directly enters the 
bloodstream, through which it has access to every cell in the body, passing directly to receptors in the 
nucleus'' '. 

In the cell nucleus, melatonin plays a role in regulating gene expression. The ability of melatonin to 
enter all cells is essential for one of its other important functions, which is to act as a scavenger of 
highly toxic oxygen-based free radicals. The production of these free radicals is a consequence of the 
utilisation of oxygen by all aerobic organisms. About 1% - 2% of inspired oxygen ends up as toxic free 
radicals, a by-product of the respiration cycle. These oxygen radicals can damage macromolecules 
such as DNA, proteins and lipids. This damage is referred to as oxidative stress- ' . 
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Because of its ability to eliminate fiee radicals, melatonin is regarded as an efficient cell protection and 
oncostatic agent. At night the increasing level of melatonin helps eliminate the build up of fiee 
radicals, thereby allowing DNA synthesis and cell division to occur with a far lower chance of damage. 
Melatonin also inhibits the release of oestrogen, prolonged exposure to which may increase the risk of 
breast cancer". 

According to Brzezinski, melatonin may enhance the immune system and counteract stress-induced 
immunosuppression by augmenting the immune response- ' . 

THE iVlELATONLN HYPOTHESIS 

In 1987 Stephens et al. suggested that EMFs reduce melatonin production by the pineal gland and that 
melatonin suppresses the development of breast cancer '. They proposed that EMFs may operate as a 
co-factor in the development of some cases of this type of cancer. Since then, results from five in vitro 
studies, conducted in three major laboratories, using human breast cancer cell cultures, have shown 
that low-level powerline frequency magnetic fields in the order of 12 mG (1.2 mcT) can block 
melatonin's ability to suppress breast cancer cellsTr. This is known as the melatonin hypothesis. In 
addition, several human exposure studies have found lowered levels of melatonin in people exposed to 
EMFs. (Section 2.3) 

At the Second World Congress for Electricity and Magnetism in Biology and Medicine, held in 
Bologna, Italy, in June of 1997, the program bulletin states that: 

"A number of experimental studies have been conducted to test the [melatonin] 
hypothesis. Although the literature is still evolving and consensus is being built, it is fair to 
say, a) there exists credible scientific support for the hypothesis and, importantly, b) this 
support encompasses in vitro, in vivo, and epidemiological research. The melatonin 
hypothesis, thus, currently represents one of the more well-documented/tested 
interactions in the field of bioelectromagnetics. "--" 

In 1988, Liburdy reported that "The melatonin hypothesis invokes a general mechanism that has 
relevance to all hormone-dependent tissue responsive to oestrogen and/or prolactin, such as human 
mammary epithelial tissue, ovarian tissue and prostate tissueu- . 

A further study found that office-place EMF exposure was apparently related not only to a decrease in 
melatonin levels but also to an increase in the level of the stress hormone adrenocorticotropic hormone 
(ACTH)'". The implications for CFS are obvious, for chronically high levels of ACTH are known to 
suppress immune function. 

While the evidence for a link between ELF EMFs and melatonin is strong, other chemicals are known 
to be affected too. One of these is calcium ions, which are critical for the proper functioning of all 
cells. 

CALCIUM IONS, PROTElN KLVASES AND ORNITHINE DECARBOXY LASE 

http://www.acnem.org/journall17-2-december- 1 998lcfs-emfs. htm 
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In their comprehensive review of the effects of EMFs on molecules and cells, Goodman et al. note that 
the EMF effect on calcium flux has been the subject of intense scrutiny because of the important 
physiological role of calcium and its relationship to membrane changes. The results are equivocal, but 
most in vztro experiments performed on human tissues show enhanced calcium flux in response to 
radio-frequency and ELF fields. Liburdy and his colleagues in particular have examined the 
effectiveness of the magnetic or electric field component in altering calcium flux and their combined 
data strongly supports the conclusion that the electric field component is responsible for altered 
calcium flux. They suggest that the electric field operates by inducing an opening of the calcium 
channel in the membrane rather than by increasing calcium mobilisation from the endoplasmic 
reticulum"'. 

The possible connection between EMFs, calcium ions and immune system hnction was summarised 
by Cherry: 

"ELF and RF/MW, modulated at ELF frequencies, change the oscillation frequency and 
amplitude [of calcium ion signalling] and change the influx and efflux of calcium ions in 
and around the cell membrane. The changing oscillation frequency and amplitude is 
related to the immune response of the cell and shows that the oscillating applied field 
produces an antibody-like reaction as though the cell has been attacked. The intlux and 
efflux changes relate to the signal transduction pathway in which calcium ions participate. 
This is one of the biochemical pathways which regulate cell behaviour. This is altered by 
the applied oscillating electromagnetic field. Since signal transduction controls cell 
division, cell differentiation and cell proliferation, this EMR-induced alteration to signal 
transduction has the strong potential to participate in tumour formation or promotion. 
Alteration of T-lymphocytes and other immune system factors suggests that EMR 
exposure causes immunosuppression, partially through induced calcium ion efflux. " " ' 

Changes in cellular calcium flow are known to stimulate a group of enzymes called protein kinases, 
which play an important role in regulating several cellular hnctions. Two recent studies found 
evidence that inside cells, EMFs can activate certain signalling pathways; for example, protein kinase 
activity has been associated with cancer. Specifically these research groups discovered that the 
products of a particular class of oncogenes, Src tyrosine kinases, are rapidly activated by EMF 
exposure. The hnctions of other key cellular elements facilitating the cancer-promoting hnction of 
these tyrosine kinases also seem to be amplified five- to ten-fold. In addition, the results of these 
studies demonstrate that EMFs may alter biochemical events in the immune system that determine our 
susceptibility to infections ' ' . 
It has been reported by Uckun that EMFs can disrupt the "growth regulatory balance" in cancer 
cells ". Uckun also reports similar EMF-induced activity in a different, but related, enzyme system 
where it was found that cells exposed for 5 to 15 minutes to EMFs similar in strength to those found 
in electric razors (1000 mG / 100 mcT) caused a 5- to 10-fold increase in the activity of a gene 
associated with the formation of leukemia . Referring to this research, Adey states that, "This is 
another piece of evidence, which we first began to see in the 1980s, pointing to the importance of 
protein kinases as a key intracellular com~unication system that is sensitive to both ELF and 
modulated RF fields" -. The possibility exists that the immune system is compromised by external 
EMFs which may alter chemical messengers, resulting in erroneous instructions being sent to internal 
cellular regulation systems. 
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Uckun found that elevated activation of the enzyme tyrosine kinase by EMFs may represent the initial 
manifestation of EMFs' biological influence, leading to a cascade of biological events. He also 
reported the activation of a second tyrosine kinase, known as BTK, "Because you don't have any 
hormone production without activation of tyrosine, the new findings may also explain provocative 

" - 
hormonal perturbations linked to EMF exposures" '-. 

Another important enzyme involved with cell growth is ornithine decarboxylase (ODC), which is 
required for DNA replication. ODC is always present during cell growth and plays a critical role in cell 
transformation, but increased levels are considered a marker for the type of cell activity comected 
with cancer growth. Research by Litovitz et al. into ODC activity has shown that at the applied 
frequencies of 55 and 65 Hz, there is a significant (two fold) increase in ODC activity in L929 cells 
exposed to a magnetic field of 100 mG (1 0 mcT). The authors conclude that "modification of its 
[ODC] enhancement by an applied field is of general interest for questions of EMF exposure. We 
suggest, however, that the coherence phenomenon noted in these experiments is likely of more 
widespread consequence, and that other biological responses with demonstrated EMF sensitivity will 
display comparable coherence dependence." '" 

The evidence we have so far reviewed would suggest a link between EMFs and calcium levels, 
melatonin levels, protein kinase and ODC activity. Thus it is not unreasonable to conclude that CFS, 
which may be an indicator of metabolic disruption, is partly a manifestation of exposure to low level 
EMFs. 

.- -.-. -. . -- 
HUMAN EXPERIMENTAL FIELD STUDIES AND HORMONE DISRUPTION 

In the previous section we note the possible link between EMFs and melatonin flux. A preliminary 
study in 1997 of 60 workers at a Finnish garment factory found "a highly significant effect" of EMFs 
in reducing nocturnal melatonin levels. Magnetic field (MF) measurements were taken for the two 
types of machines used in the factory and operators were assigned to high or low exposure groups, 
based on the type of machine they were using, with average exposures either above or below 10 mG 
(1.0 mcT). Non industrial workers who were not exposed to MFs were the controls. This study found 
strong effects of magnetic field exposure on night-time levels of melatonin. No difference was found in 
melatonin levels on week nights and Sunday nights, indicating "that the possible suppression caused by 

7 

magnetic field exposure is chronic, with little recovery during the weekend" . 

A 1996 study of 192 electric utility workers by Reif and Burch found that some EMF exposures are 
associated with low levels of melatonin. They found a significant association between MF exposures 
and lower daytime melatonin levels on the second and third of three days of measurement- '. The lack 
of an effect on the first day (following a weekend or equivalent) may indicate a cumulative effect of 
exposure. Some studies have suggested that EMF effects on melatonin may depend on whether the 
field is continuous or intermittent. Reif and Burch found that magnetic fields in the home that were 
"temporally coherent" (less intermittent) had a very significant association with lower melatonin levels 
at night. They concluded that the intensity and temporal characteristics of MFs may both play a role in 
the suppression of melatonin ' '. 

Visual display units (VDUs) have also been implicated as a significant source of MF radiation. 
According to Arnetz and Berg, office workers who used VDUs had a significant reduction in 
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circulating levels of melatonin over the course of a working day. No such change was found during 
days at the office with no VDU use. Levels of the stress hormone, ACTH, increased during the 
working day and this showed a strong correlation with workers' subjective assessment of mental 
strain, but in contrast, mental strain did not significantly correlate with melatonin levels"!. 

Davis (Fred Hutchinson Cancer Centre in Seattle Washington), found that low-level MFs can reduce 
the nocturnal release of melatonin in women. While the effect was small, it occurred at milliGauss 
levels and followed a dose-response trend. Davis called the findings "intriguing" given the "very low 
level of exposure" which reflects "real-world" conditions, but cautioned that the biological significance 
of the results is not known at this time. Davis stated, "This is the first time we are seeing evidence that 
relatively small changes in magnetic fields at night can be associated with decreases in melatonin levels 
that night among humans living in a normal environment""'. Davis argues that melatonin inhibits the 
production of other hormones such as oestrogen. Thus, a drop in melatonin has the potential to cause 

. - 
other hormones to surge"-. 

As with the laboratory research these human field exposure studies indicate a possible link between 
EMFs and hormone disruption which may be a co-factor in the development of CFS. The link has not 
been firmly established, but hrther investigation is certainly warranted. 

DEPRESSION AND EMF EXPOSURE 

Research in the United States and Britain has found clinical depression to be the major factor in 
suicides in both countries. There are many types of depression, from seasonal depression (Seasonal 
Affective Disorder), which normally occurs in the winter months, to low level chronic depression that 
may linger for months or years. Among the symptoms of clinical depression are weight loss, early 
waking, diminished sex drive and a general feeling of hopelessness. On the contrary, some people have 
what is called atypical depression, which is characterised by weight gain and spending much of the day 
asleep. 

In 1978, Perry published the £indings of an EMF survey which examined the addresses of some 600 
suicides reported in the Birmingham U.K. area and found that in homes where the magnetic field was 

I - 
above 1 mG (0.1 mcT) the relative risk of depressive illness was elevated'. . Perry and Pearl 
conducted a study of 43 high-rise blocks with over 3,000 housing units (a total of approximately 6,000 
occupants). The aim of the research was to determine whether there was any correlation between 
occupants7 level of depression and their proximity to EMFs. Participants suffering fiom certain types 
of heart disease and from depression were more likely to be living near the main electrical supply 
cables in the apartment blocks. Magnetic field strengths measured in all 43 blocks with a single rising 
cable showed significantly higher magnetic field exposures in the apartments 'near' the cable. These 
fields averaged 3.15 mG (0.3 15 mcT) nearest the cable and 1.6 1 mG (0.16 mcT) in the 'distant' 
apartments. A further finding was that, if only those blocks with under floor or storage electric heating 
were considered, the proportion of cases of depression in occupants living in apartments categorised 
as 'near' the rising cable rose to 82%". 

Changes in serotonin levels are known to be associated with depression. For example, lowered levels 
of this chemical in the brain have been linked to an increase in suicide fiequency4'. Wolpaw examined 
the brain hnctions of monkeys exposed to 60 Hz magnetic fields. He measured the levels of 
neurohormones in the spinal fluid of monkeys thus exposed for three weeks. It was found that the 
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levels of serotonin and doparnine were significantly depressed immediately following exposure, and 
that only the dopamine returned to normal levels several months after"' . 

Low night-time melatonin concentrations have been reported in patients with depression, and patients 
j - 

with Seasonal Mective Disorder have phase-delayed melatonin secretion" ' . 

Robert Becker, a leading researcher on EMF exposure and depression, summarises his own work, and 
that of others as follows: 

"It seems that there may be two types of clinical depression: one which is produced by 
simple psychosocial factors, and one which is produced by some external factor which 
influences the production of these psychoactive chemicals by the pineal gland. In view of 
the known relationship between the pineal gland and magnetic fields, it is advisable that 
the search for the responsible factor include an evaluation of the effect of abnormal 
electromagnetic fields""". 

.- -.-. -. . -- 
OTHER RELEVANT RjESEARCB FINDLWGS 

Since 1979, when, in a seminal paper, Wertheitner and Leeper first reported a correlation between 
exposure to power line MFs and childhood leukaemia, there have been well over 30 major 
epidemiological studies examining the EMFJcancer question. Few studies, however, have looked for 
evidence of association between environmental power-frequency magnetic field exposure and irnrnune- 
related illnesses in humans. 

In one notable study, Beale et al. examined eight immune-related and chronic illnesses (variables) in a 
group of 560 adults living near extra high voltage transmission lines in Auckland New Zealand. Using 
a cross-sectional design to examine the dose-response relationship between MF exposure of adults in 
their homes and prevalence of these illnesses, five of the eight health variables showed a linear dose- 
response relationship with exposure. After adjustment for possible confounding, significantly elevated 
odds ratios were obtained both for asthma and combined chronic illnesses at higher exposure levels. 
As reported in the paper abstract, "The results are consistent with a possible adverse effect of 
environmental magnetic field exposure on immune-related and other illnesses""*' . 

Human peripheral blood lymphocyte activity may be affected by exposure to electric fields. For 
example, Coghill et al. (1 998), exposed human peripheral blood lymphocytes in mu-metal- enclosed 
(EMF shielded) cultures to the donor's own endogenous electric field overnight and tested for viability 
by trypan blue exclusion. This showed a 70% viability. The controls (no endogenous electric field) and 
sham-exposed (same gold wire feed, but unattached to body) both showed about 50% viability. When 
they fed a 50 Hz electric field into the lymphocyte cultures (same power density, same period of 
exposure, same temperature, etc.), the viability fell to 40%. This study suggests that 50 Hz electric 
fields (not magnetic) adversely affect human peripheral blood lymphocytes"' . A decrease in human 
peripheral blood lymphocytes could be implicated in the development of CFS. 

A 1998 study by Bonhornme-Faivre et al. found "evidence that chronic human exposure to 
environmental low frequency EMFs . . . can cause neurovegetative, haematological and immunological 
disorders". Specifically, they found that a group of workers who were exposed to MFs ranging fiom 
0.9 mG (0.09 mcT) to 66 mG (6.6 mcT) had significantly lower lymphocyte counts than a similar 
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control group not exposed to these levels. The exposed group also reported significantly more 
occurrence of subjective conditions - mental and physical fatigue, depression, melancholy, irritability, 
fainting and diminished libido - than did the control group. Of particular interest with this study were 
two workers who had exposures from 3 mG to 66 mG (0.3 mcT to 6.6 mcT) and worked full-time 
above transformers. Both were found to have depressed lymphocyte levels which quickly returned to 
normal when they stopped working in that areai ' . 

Finally it can be noted that not all researchers agree that environmental-level 50 - 60 Hz EMFs are 
causally related to hormone disruption and changes at the cellular level. This group supports the 
assumption that the small electric fields and currents induced in the body's tissues from external EMFs 
are smaller in magnitude than both intemally-produced fields and even the thermal noise of liquid 
phase solutions. This assumption has been challenged by Gandhi, who has found evidence that the 
fields induced in the human body by power lines and appliances, essentially all strong artificial EMF 
sources, are much larger than the fields generated naturally inside the body. Gandhi used a computer 
model to calculate the electric and magnetic fields in the 4 1 - 70 Hertz frequency band from internal 
and external sources. He found that even the largest natural fields generated by the heart are hundreds 
of times smaller than those induced by standing under a high-voltage line or by using a hair dryer. 
Ghandi stated, "My assumption was that what is already in the body is pretty substantial, but that turns 
out to be incorrect, . . . It is time for people to reject false assumptions"". 

The work of Ghandi and others has led the current authors to examine mechanisms which might offer 
some explanation of how weak environmental EMFs might affect living systems. One possible 
mechanism which is now gaining popular support among biologists is stochastic resonance ' . This 
novel application of stochastic resonance theory to biological systems is currently being explored in 
the authors' laboratories. 

CONCLUSIONS 

With the illness loosely termed Chronic Fatigue Syndrome, regardless of the cause, or causes, the 
primary outcome is an immune system which is markedly compromised. Considering this, it is 
advisable for medical practitioners working with CFS patients to advise them to avoid situations which 
may place an additional stress on their immune systems. 

Current scientific evidence indicates that prolonged exposure to EMFs, at Ievels that can be 
encountered in the environment, may affect immune system function by affecting biological processes 
in ways similar to that seen with CFS. Considering the increasing incidence of CFS in the community, 
it is the opinion of the authors that medical practitioners should advise patients about the prudent 
avoidance of EMFs. It is usually a relatively simple matter to locate sources of EMF and generally to 
avoid them. 

The lack of l l l  scientific certainty should not be used as a reason for postponing measures to prevent 
exposure to any potentially harrml source. If measures generally reducing EMF exposure can be 
taken at reasonable expense and with reasonable consequences in all other respects, every effort 
should be made to reduce exposure to the lowest possible level. 

.- -.-. -. . -- 
GLOSSARY 
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Bioelectromagnetics: 

An emerging science which focuses on how living organisms interact with 
electromagnetic fields (EMFs) 

Electromagnetic Field (EMF): 

Form of energy which consists of two oscillating forces (said to be at right angles to each 
other), an electric component and a magnetic component. Examples of electromagnetic 
energy include: powerline fields, radio waves; light; x-rays; gamma rays. 

Electric Field: 

Region of space in which forces are exerted between electrically charged particles (e.g. 
electrons). Wherever there is a voltage potential there is an associated electric field. 

Extremely Low Frequency (ELF): 

Electromagnetic energy where the frequency of oscillation of the energy lies in the region 
of 1 - 300 Hertz (Hz). 

Epidemiology: 

The study of disease in the population, defining its incidence and prevalence, examining 
the role of external influences such as infection, diet or toxic substances and examining 
appropriate preventative or curative measures. 

Gauss (G): 

CGS unit of magnetic field density [flux density], (equal to 1 Maxwell per cm-2). Named 
after the German mathematician Karl Friedrich Gauss (1777-1855). Commonly replaced 
by the newer unit Tesla. For ELF magnetic field levels commonly encountered in the 
urban environment, the unit of milliGauss (mG) is normally used. 1 mG equals 0.1 
rnicroTesla (mcT). 

Hertz (Hz): 

Unit of frequency indicating the number of cycles per second. Named after the German 
physicist who discovered radio waves, Heinrich Hertz (1 857- 1894). 

in vitro: 

Literally 'in glass'. Refers to experiments on cells and tissues which are performed in a 
test tube or petri dish. 

in vivo: 

Literally 'in life'. Refers to experiments that take place with or in living organisms. 
http://www.acnem.org/joumaVl7-2~december~l998/cfs-emfs. htrn 3/28/02 
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Magnetic Field (MF): 

The area of force which exists around a moving charge, e.g. an electron. Electrons 
flowing through a conductor (e.g. wire) produce a force in the area surrounding the 
conductor referred to as a magnetic field. 

Radio Frequency / Microwave. That part of the electromagnetic spectrum with a 
frequency in the range 100 kilohertz (kHz) to 300 gigahertz (GHz). 

Tesla (T): 

MKS unit of magnetic field density [flux density], (equal to 1 Weber per m-2). 
Alternatively, the magnetic induction for which the maximum force it produces on a 
current of unit strength is 1 newton. Named aRer the Croatian-American physicist and 
electrical engineer, Nikola Tesla (1 856- 1943), who pioneered alternating current and 
invented the a.c. induction motor and Tesla coil. For ELF magnetic field levels commonly 
encountered in the urban environment, the unit of microTes1a (mcT) is normally used. 

CAVEAT 

The authors wish to express the strong view that they do not support nor condone the use of any 
devices which claim to cleanse or protect the body from EMFs and have not been scientifically proven 
to do so. 

* Don Maisch, AASc, Bruce Rapley, BSc, M.Phil., A1 Rowland, BSc(Hons), PhD. Well., John 
Podd, BA(Hons), MA, PhD. Well. EMFacts Consultancy, PO Box 96, North Hobart, Tasmania 7002, 
Australia. Phone +613 6243 0195, Fax +613 6243 0340, E-mail: amfacts@tassie nct au, 
http Iiwww tassie net a~venlfacts 
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