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The problem of estimation of biological effect of chronic
exposure

Yuri Grigoriev

Russian National Committee on Non-lonizing Radiation Protection
State Research Center of Russia - | nstitute of Biophysics, Center of
Bioelectromagnetic Safety, Moscow, Russia

Russan Nationd Committee on protection from non-ionizing radiation has carried out andysis of the
EMF guiddines for population and has paid attention to the gaps in our knowledge about the criteria
of EMF pollution hazards evauaion of human environmern.

The basic summary requirement to develop permissble EMF vaue limits is the absence of even
temporary disturbance of human homeostassincluding reproductive function, as well as protective
and adaptation-compensator mechanisms strain neither in the nearest, nor in the remote period of
time. It meansthat EMF limits are the fractiona quantity from the minimal level of EMF whichis
capable to provoke some reaction in the human being.

Such EMF permissible vaue limits of daily radiation regimes which do not lead to diseases or
hedlth deviations among the population (irrespective of age or sex) and can be detected by modern
methods during of theirradiation period or long after it was over, were determined in Russa.

The threshold principle of injurious effect to hedth is used as the basis for the EMF limits. These
demands must be based on some criteria of evauation of biologica EMF effect particularities. Thisis
thefirgt of dl the bioeffects dependence on the absorbed energy vaue and its didtribution in the
human body taking into account the possible primary exposure of crucia systems and separate
organs (for example, brain while usng mobile phones).

We place much emphasize on either possibility or non-possibility of cumulative processes
development. Thisisthe most important issue for determining permissible vdue limits asit is closdy
connected with possble development of remote effects. It is necessary to point out that the process
of solving this problem should be carried out in conditions of chronic exposure to extremely low
EMF radiation, when therma mechanisms hardly play any leading part in development of bioeffects.
We should focus on:

Anather condition for chronic EMF radiaion hazard evauation is the necessity of carrying out of
research on people and experiments

In our opinion, to prove our approach to EMF standardisation it is necessary to do further
investigations in the following directions.

1. Theinvestigation of possible non-thermal EMF effect mechanisms.

2. Analysis of materials used as a basisfor Russian standards.

These materids (clinica investigations and anima experiments; specia emphasis on neurd effects)
were received mainly a the Ingtitute of Occupationd Medicine RAMS, in the North-West Scientific
Centre of Hygiene and Public Hedlth (St. Petersburg), the Ukrainian Scientific



Centre of Hygiene (Kiev), the Military Medicine Academy (St. Petersburg), Inditute of Cedll
Biophyscs RAS (Pushchino) and at our Ingtitute in Moscow.

These materias are the result of chronic EMF exposure of low intengty (10-

500 mV/cn?). However, dl these materias can be found in scientific reports and theses.

These indtitutes are ready to carry out the preliminary processing trestment of these materias
taking into account |CNIRP recommendations and the strict demands which sounded at every
conference.

We are ready to do the summary of these materids, to salect the materids that meet the basic
criteria of the protocal, to discussthemin detaill a8 Russan NCNIRP. After that we will prepare and
present the report in English to WHO and ICNIRP.

We can take the responsibility for co-ordination of this work that can be done within an year.

3. EMF influence of cellular phoneson the brain of their users (investigation on volunteers)

It is necessary to carry out the investigation of brain biocurrents and brain blood currents. We
suppose to use the «standard» mode of investigation and radiation of volunteers taking into account
the experience of previous researchesin other countries and in Russia.

The question of the rate of EMF short-term influence of cdllular phones on different systems of the
organism gill remainsimportant.

The task isto get the data on direct system reactions of the brain and system replies of the body to
short-term single or repeated EMF exposure.

4. Cdlular phone EMF influence on vestibular analyzer of the user (investigation on
volunteers)

Thereis avery complex nervous receptive apparatus in the inner ear.

If sound, acceleration receptivity and equilibrium state are disturbed it can lead to serious
disorders of vitd activities. It isimportant that these andyzers are closdy connected with vegetative
N.S., and endocrine secretion. Besides vestibular anayzer isthe brain part: nervous conduction
tracts, nervous centres and nervous connections with other centres.

When we studied the radiation safety problem during piloted space flights (1964-1977) we used a
successful research method estimation vestibular analyzer of human being and animas (rabhbits). The
method is strictly quantitative. We have registrated the value and duration of nystagmus, threshold of
the adequate stimulus, the dependence of reaction on the value of stimulus (acceleration).

| have written a book about the use of this method on human being and animas in various
conditions "Vegtibular reactions (Methods of study of influence of environmenta various factors)"”.
Moscow. 1970. 194p.

Earlier we have carried out the study on 200 dogs which were g- exposed daily for 2 yearsin
small doses (the model of the flight to Mars). We had not noticed any serious disturbances.

At present we could have carried out investigations on volunteers to estimate the sate of their
vestibular andyzer after EMF exposure and after the change againg the initid state of brain with the

help of pharmacology.



5. Prolonged 1-2 year EMF influence on the brain (investigation of vestibular analyzer of
experimental animals)

As| mentioned earlier we have the experience of ionizing radiation exposure on experimenta animals
(dogs) for two years. Such researches can aso be carried out on rabhbits for 1-2 years under EMF
radiation of low intengity.

Thanks to this experiment we will be able to answer the question about the state of inner ear and
brain after long-term EMF exposure. It isvery important.



Investigation of the effects of mobile phone use on tympanic
membrane, skin temperature and critical flicker fusion

Monica Sandstréom, Vasily Klucharev, Kjell Hansson Mild and Eugene Lyskov
National I nstitute for Working Life, Box 7654, S-907 13 Umea, Sweden
Introduction

The recent large Scandinavian questionnaire investigation on mobile phone (MP) use and symptoms
(Oftedd et d, 2000; Sandstrom et a, 2001) found severd people complaining about fedings of
“warms on ear” and “warms behind ear”. The increase was atidticaly sgnificant and for those
caling more than 60 minutes per day on aregular bass about 30%
of them experienced the warmth sensation. Hocking (1998) a so reported about the warmth
sensation in connection with use of MPs

Tornevik et d (1998) reported on skin temperature increases after 30 min exposure of volunteers
to amobile phone (MP). The increase was rdated to the component heeting but the influence of RF
could not be excluded. Moddling and experimental messurements have shown 1.3-2° C maximum
skin temperature rise after exposure to common mobile phones (Van Leeuwen, 1999). There are
as0 some evidences of the weak tympanic membrane and brain temperature rise (Wainwright,
2000; Khudnitsky, 1999).

There have aso been reports (Khudnitsky, 1998) about an increase with 2-3 Hz of the Critical
Hicker Fuson (CFF) after a2 min exposure to amobile phone.
The am of the present pilot sudy was to investigate possble heeting effects on the tympanic
membrane and the surface of the ear from the use of one commonly used digital mobile phone. The
study dso included atest of the CFF in connection with exposure to a mobile phone.

Material and Methods

Ten hedthy volunteers (5 males and 5 femades) participated in the experiment. The mean age was 28
years (range 23 - 34 years). Each subject was informed in detail about the intention of the study
before the start of an experimenta sesson. The experiment was gpproved by the ethica committee
at the University of Umed, Sweden.

The experiments comprised of temperature measurement before and after MP exposure in three
experimental conditions:

1. MP not activated (Control condition),
2. active MP but connected with coaxid cable to dummy load to annihilate RF. (Battery condition),
3. MP activated (RF condition).

Each experiment protocol consisted of the following stages: a period of adaptation (5 min);
determination of the basic tympanic membrane and the surface temperature of the both ears
(approximately 1 min); MP exposure in one of three experimenta conditions (10 min); repetition of
temperature measurements (gpproximately 1 min). Before the experiment started aswell asin the
end of the 10 minutes exposure CFF was measured using common red light diode technique.

Each person participated in dl three sessons. The interval between two sessions was never less
than 24 hours. The order of the different experimenta conditions was randomised between subjects.
Theright ear was dways used for the exposure and the left ear for the comparison.
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A BRAUN infrared ThermoScan IRT 3520 was used to measure the tympanic temperature. Skin
temperature was measured usng TASKO THI-700 infrared thermometer with 0.5 cm space
resolution and the measurements were taken in three points on the right and |eft sides of the head:
1 lobe of the ear
2. meastoids (behind the ear)

3. top of the ear (scapha)

A digital MP (Ericsson GH 337) was mounted in a plastic holder and kept in contact with the
subject’ s head during the three experimenta conditions. It was oriented in normal position for use
with the earphone positioned on the right ear and the microphone oriented to the corner of mouth.
The antenna was located about 2.5 cm from the head, over the posterior areas of the left temporal
lobe. The MP was modified with a switch on the backside to switch RF On or Off. The mobile
phone emitted 900 MHz e ectromagnetic field pulsed at afrequency of 217 Hz with amax. output
power of 2 W, and 1/8 duty cycle. The maximum SAR value for this MP was 1.1 W/kg averaged
over 1 gr tissue.

Results
In Table 1 the results of the temperature measurements are shown.
The tympanic membrane temperature dightly increased after al test sessions. A temperature

increase of the right tympanic membrane in comparison with the | eft
(<0.2° C) was found (P < 0.05) for the two active conditions but not for the control condition.

Table 1. Relative changes (temp. °C after tests — temp. °C before tests)
and standard deviation in the tympanic membrane and skin before and
after test sessions. (n=10)

Location Temperature increase (°C)
Cont.rc_)l Batte_r)_/ RF condition
condition condition

R tymp. membrane 0.1+04 0.3+t0.2 0.3+0.2

L tymp. membrane 0.0£0.2 0.2+0.2 0.1+0.2

Rlobe 28+20 41+15 3811

L lobe 20+19 2516 29t14

R scapha 28+20 36+1.9 31+13

L scapha 17+15 2017 16+14

R mastoids 1.1+0.8 15+14 1.7+0.9

L mastoids 0.8+1.0 14+14 0.8+0.6

R—right (exposed ear)
L - left

Skin temperature on the ear increased about 3-4 °C both on the I€&ft and right ear during the test
sessions. However, the temperature increase was dways higher for the right ear (MP covered) and
for the two active conditionsit was significantly higher (P<0.05) in comparison with the left ear. The
temperature increase behind the ear was 1-2 °C in dl test conditions, but when comparing left and
right ear it was only sgnificant in the RF condition (P=0.009).

Ten minutes MP use did not effect CHF. No difference was found before and after each test
sesson.
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Discussion

Our pilot study has shown that 10 minutes of MP use could lead to a 3-4 °C temperature increase of
the skin on the ear. Thisisin agreement with earlier sudies (Tornevik et a., 1998). The study
indicate that the temperature increase is due not only to cover of the ear by an MP phone but dso to
active MP (both RF active and with dummy load). Of interest was that we found a sgnificant
temperature increase behind the ear only during RF active MP use. The temperature increase of the
tympanic membrane found with active MPisrdatively dight and not in the level found by Khudnitsky
et d. (1998). Furthermore we could not confirm the finding from the same group that MP use
influence the CFF. However, there are differencesin exposure time, method of measuring
temperature, localisation, type of phones and so on when comparing the results from different
studies.

The observed temperature changes seem to be related mainly to component heeting and to the
cover of the ear by the MP. The role of RF in hegting the tissues around the ear is obvioudy
relaivey dight —if any.

In view of reported symptoms among MP users and the result of this pilot study it is of interest to
further study hesting effects of MPs by using different techniques, taking SAR vaue distribution,
different types of MPs and time scale into account.
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Clinical neurophysiological characteristics of persons exposed
to 10 mT, 60 Hz, magnetic field during different functional
conditions

Eugene Lyskov, Monica Sandstrom and Kjell Hansson Mild

National I nstitute for Working Life, Umea, Sweden

The am of the present study was to investigate possible neurophysiological effects of intermittent 15
sec on/off cycle, 60 Hz, 10 mI', magnetic field exposure on patients with percievd “ Electromagnetic
HyperSengtivity” (EHS) aswell as control subjects during different functiona conditions of the
nervous system. Twenty participants (15 femae, 5 mae, 31-60 years old, mean 45.8 + 0.7) were
invited from the group of EHS patients. Twenty volunteers (15 female, 5 mae, 31-59 years old,
mean 45.0 £ 0.7) served as a control group. The test protocol comprised of a set of examinations
(EEG, visud evoked potentids, and eectrodermd activity, ECG, blood pressure) in rest conditions
and during computer work. The tota duration of the test was forty minutes, divided in four 10
minutes periods. two rest periods and two periods of mathematica performance. Magnetic field and
sham exposures were randomly presented during these periods resulting in four different conditions:
Red-Rest, Sham-Rest, Real-Mat, Sham-Mat, respectively.

The data obtained during the different conditions of the examination showed a significant main
effect of case factor (EHS vs. control subjects) on heart rate (HR) (F1.50 = 20.6; P< 0.01, HR
spectrum ratio (F1g0 = 9.5; P=0.02) and eectrodermal activity (F1 76 = 4.2; P= 0.04), whereas EEG
characterigtics showed no difference between groups. Condition factor (mathematical task vs.
relaxed) showed main effect on HR (Fy g0 = 14.8; P< 0.01), HR spectrum ratio (Fy g0 = 7.8; P=
0.06), dectrodermd activity (F, 76 = 56.8; P< 0.01), and dl spectrad bands of EEG. No significant
effect of the magnetic fields exposure was seen neither in ANS nor in EEG variables elther for both
groups.

Data obtained in the present study do not indicate that EHS petients are sengitive to low-level 60
Hz magnetic field exposure, but they have arather digtinctive physiologica predisposition to
sengtivity to physica and psychosocia environmenta stressors,

References
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Long-term parallel monitoring of electromagnetic field exposure
and physiological processes in individuals with perceived
electrical hypersensitivity

Vasily Klucharev*?, Monica Sandstrém*, Kjell Hansson Mild* and
Eugene Lyskov*

1. National I nstitute for Working Life, Umed, Sweden.
2. I nstitute of the Human Brain, St Petersburg, Russia

Our previous results have indicated that patients with so caled Electricd Hypersenstivity (EHS)
have a dishaanse of the autonomous nervous system regulation with atrend to hyper sympathotone,
as measured by heart rate (HR) and eectrodermd activity, and they are hyperrespongve to different
externad physical factors, as measured by brain evoked potentials and sympathetic skin responsesto
visud and audio simulation. These data are in agreement with physiologicd findings from other
studies on persons with perceived EHS. There is no consensus about to what extent EMF are
involved in thisand if so what isthe most biologicaly rdevant parameters of the EMF exposure.
Current concepts of exposure assessment are based mostly on frequency-intensity-duration
characterigtics. The god of this project is to find out possible correlation between the dynamic of the
physiological processes and the EMF exposure characterigtics for persons with EHS and persons
without EHS.

We have used 24h Holter recording (Tracker 2, Reynolds Medica Ltd UK, two channels 24
hour ambulatory tape recorder) to monitor the basi ¢ autonomous nervous system processes - ECG,
HR and heart rate variability(HRV) - which are the most sensitive integral parameters of central and
autonomous regulation. The EMF monitoring was done by usng EMDEX Il ingruments. The
participant wore the ECG and EMF recorders for 24 hours during atypica working day and
maintained a concurrent diary of the activities during thet time.

The ECG recording have been andyzed for possible transent abnormalities of neuro-cardio-vascular
regulation (arrhythmids, extrasystols etc.) and quantitative assessment of ongoing baance of
sympatho-parasympathetic regulation. A standard program was used to detect and caculate
pathologica events aswell asthe dynamic of HR and HRV.

Two groups of subjects (14 persons in each) was included in the investigation. Patients with
percaived EHS symptoms was selected from the Departments of Occupational Medicine and
Dermatology at the Norrland University Hospital (Umed, Siveden). Age and sex matched hedthy
people were used as controls.

The magnetic fidd recording showed the normd variation during the 24 h with low vaues during
night time and occasiondly high values were encountered in daytime. No differences were found
between the two groups, neither for the mean values of the broadband recording (0.09 and 0.11 pT
for the patients and the controls, respectively) nor the harmonic content (corresponding values here
were 0.03 uT for both groups). We found no difference between the groups in the mean HR for the
24 h, nor was there any difference during night time. However, the HRV analyses showed that the
ratio LF/HF ( LF= 0.05—-0.15 Hz, HF= 0.15 — 0.30 Hz) was higher for the patient group over the
24 h period than for the control group. The difference between the groups was in the ratio LF/HF
was even larger during night time. The higher ratio indicates a higher symphaticus activity. This
findingsisin accordance with the results from previous dlinical investigations of patients with
perceived EHS.
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Aspects of electromagnetic hypersensitivity.
A. Woijtysiak, J. ReilRenweber, B. Grothus and E. David

| nstitute of Physiology and Physiopathology, Electropathological Research
Center of the University of Witten/Herdecke, D-58448 Witten, Germany.

The Electropathological Research Center of the University of Witten/Herdecke combines an
information platform for the generd public, authorities and companies etc. regarding dl human
relevant matters of eectromagnetic fields with research facilities to evaluate medical and biological
effects of the latter fields. This combination led to numerous contacts with so-called
€electrohypersengtive persons during severd years and enabled us to gather experimenta data and
psychosocid background of these persons who attribute their impaired hedlth status at least in part to
technica dectromagnetic fields. We try to identify putative causa links between the dlinicd picture
and the reported symptoms like fatigue, concentration failure, deep disorders etc. and environmental
factors, especidly EMF.

Electrohypersengitive persons contacting the center were invited to take part in our evauation,
conssting of adetailed generd and neurologica anamnes's, a psychosocia questionnaire, and low
intengty extremely-low-frequency field experiments. Additionaly, blood samples were drawn for
melatonin determination in order to evauate the possibility of generdly dtered meatonin levelsin the
hypersengtive group.

The experiments were conducted in a conveniently designed room with reduced eectrica
ingdlation and environmenta EMF. Electrohypersengtive persons aswdl as hedthy volunteers were
exposed two times (with a short recreation period) to a series of ten field or sham exposure
Stuations and were asked to guess or even to "fed” whether or not the fiedld was on. The 50 Hz, 10
UT fields are switched on or off a random on a stochastic basis ten times during esch of the two
consecutive sessons. The probability of fields being activated is 50 %. This method is normdly used
in sensory physiology in order to detect subliminal sensory excitations and is d o effective when
individua subjective symptoms gppear during experiments.

Preliminary results of the up to now 37 experiments do not show sgnificant differencesin scores
or ”guess probahilities’ of groups of patients and controls. Nevertheless we are looking for possble
correlaions between scores and various parameters. The questionnaire highlights the symptoms
being mainly composed of various subjective sensations like exhaustion and concentration falure and
less clearly measurable disorders. Results of narrative interviews conducted by a socid scientist
Ingnuate in many cases reactions which are dominated by a specid Stuation and intengfied by mass
mediainfluences. The collected plasma melatonin samples do not show sgnificant differences
between groups of patients and hedthy controls. The results do not support the hypothesis of
generdly changed mdatonin levels in eectromagnetic hypersenstive persons and do not demondtrate
links between this group and the so-cdlled ”low-melatonin-people’” known in literature.
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Dysregulation of autonomic control of cardiac function and shift
of diurnal rhythms of blood pressure in workers exposed to RF
electromagnetic fields.

S. Szmigielski, E.Sobiczewska and R. Kubacki.

Department of Microwave Safety, Military I nstitute of Hygiene and
Epidemiology, 4 Kozielska str., 01-163 Warsaw, Poland.

Abstract

Biologicd effects of exposure to low-level, non-thermd radiofrequency (RF) fields were reported in
different experimental systemsin vitro and in vivo, however hedlth risks and clinica relevance of
these effects remain unknown. RF radiation at non-thermal intengitiesis conddered as ardatively
weak environmental/occupationa factor and its bioeffects can be in most cases effectively balanced
by trigerring of adaptative, compensative and/or regenerative mechanisms of the responding
physiologic sysems. There are no convincing data which confirm the possibility of development of
specific diseases which could be causdly linked to long-term exposures in RF fields, however there
exig reports on increased risk of various functiona abnormalities in subjects who work in RF
environment. These functiond abnormélities may be, a least partidly, related to bioeffects of RF
exposures which develop in the central nervous system. One of the possible outcomes of such
effects may be dysregulation of autonomic control of various physiologic systems, including the
cardiovascular system.

Some time ago we reported increased number of dight, subclinicad ECG abnormalities,
accompanied by symptoms of sympathicotony in heart rate variability (HRV), lowered day/nigh ratio
of blood pressure and heart rate (Bortkiewicz A et d, 1995), aswell as shiftsin diurna rhythms of
blood pressure and heart rate (Szmigieski Set a, 1998) in agroup of 77 workers of AM radio
broadcasting stations who were exposed to 0.7-1.5 MHz RFs.

In the present study agroup of 38 workers of radio transmitting centres (RTC), exposed to 10-
30 MHz RFs, were examined with identical cardiologicd tests (ECG at rest, HRV, 24-hr Holter
ECG, 24-hr ambulatory blood pressure — ABP), as the above mentioned wotkers of AM radio
broadcating stations. RF exposure was monitored during whole 12-hr shifts and expressed in
maximal levels (Enx), average levels (Ey) and time of exposure (Te) during the shift. From these
data dally exposure dose rates for the shift (D) and life exposure dose rates (D) were calculated. It
was found that during the 12-hr shift individua workers were exposed in RF fields in series of 3-5-min.
periods, counting for atotal exposure time of 0.5 — 2 hr per shift. Individua exposure levels differed
considerably (Emax from 9to 174 V/m; E,, from 0.5to 11.4 VV/m) with the daily exposure dose rates
for the shift ranging from 22 to 3120 (V/m)? x h. With such large individua differencesin RF
exposure levels the most conclusive relations between the exposure and results of cardiac tests could
be obtained by multistep corrdation of sngle parameters. Statisticaly significant corrdation with RF
exposure parameters (D¢ and E,,) was found for HRV (fast/dow component ratio), HR and BP
day/night ratio and parameters of BP and HR diurna rhythms (acrophase and amplitude, but not
mean vaue). In generd, the results indicate dysregulation of autonomic control of cardiac function
with shift toward sympathicotony, a phenomenon smilar to that observed in workers of AM radio
broadcasting stations, who are exposed to lower frequencies of RFs (0.7-1.5 MHz).
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From results obtained in these two independent  studies, which used 115 RF-exposed workers,
we conclude that multiyear occupational exposure to RFs may lead to dysregulation of autonomic
control of cardiac function and cause increased risk of development of functiona symptoms of
cardiac ligbility. However, dinicd relevance of these findingsis not firmly established and an
increased risk for cardiac pathology could not be established in the tested materid.

I ntroduction

Human organism is conddered as a geneticdly pre-programmed sdlf-sustaining mechanism,
controlled by three regulatory systems — nervous, immune and hormond (Fig.1). These three
systems, equipped with a potent set of adaptative, compensative and regenerative mechanisms, can
regulate function of interna systems under different harmful environmenta conditions. In fact,
efficiency of the three regulatory systems of the organism and capacity of their adaptetive,
compensative and regenerative mechanisms determine hedlth status of the organism and its resstance
againg influence of harmful environmental and occupationd factors (Fig.2). There exist numerous
datawhich indicate that long-term occupationa exposure of radiofrequency (RF) EMFs may result
in development of various non-specific symptoms related to funciona changesin certain systems of
the body, including dight abnormdities in cardiac function.

RF energy can penetrate ingde human body and induce eectric currents, which may be
respongble for various effectsin the organism. One of these effectsis non-specific stress reaction.
The basic of such reaction is the interaction of energy with cdlls, the influence transmisson of sgnds
and reaction of sengtive targets [Jauchem, JR,1997; Swierdlow AJ, 1997]. The mgor place, which
reacts on giress symptoms, is hypothalamus. The hypothdamus performs the control funtion for the
para-sympathetic and sympathetic systems, which ones are responsible for the autonomic regulation
of many organs and systems in human organism, among other things cardiovascular sysems [Taylor
AA, 1994]. On the other sde, the hypothalamus, with its ESSOC (Endogenous Sdlf-Sustaining
Ogtillatory Clock) mechanisms triggers and controls the circadian (about 24-hr) cyclic changes of
most parameters of the cardiovascular system with their maxima during day-time and minima at night.
Therefore, RF EMFs may be one of the factors, which influence the synchronization of different
biologica rhythms. Biologica rhythms (circadian, diurnd etc.) are abasic property of living matter
from subcdlular particles to the human body. They play avery important role in everyday lifein
hedth aswell asin disease [Cornelissen G et d 1996, Hayano J 1990, ThijsL et d 1992]. Fig.1
summaxrizes the possible mechanisms leading to development of functiona changes of the
cardiovascular system in EM-exposed subjects. These functional changes result mostly from
dysregulation of the autonomic control of the system; by itself, the symptoms are not consdered as
cardiac pathology, but may pose an increased risk of development of certain cardiovascular
diseases.
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Development of Symptoms of cardiac dysfunction in subjects exposed to electromagnetic fields.
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In our previous studies [Bortkiewicz A et a 1997, Bortkiewicz A et d 1995, Szmigielski Set d
1998] we documented a dose-dependent increase in number of functiond ECG abnormditiesin a
group of workers of middle-wave radio broadcasting stations, exposed to 0.7-1.5 MHz RFs. The
mogt frequently found effects

NON-SPECIFIC STRESS REACTION
ABSORPTION OF RF/ MW ENERGY

LOW-LEVEL BIOEFFECTS AND HEALTH HAZARDS

YSREGULATION OF AUTONOMIC CONTRO

CARDIAC FUNCTION

BEST RELATION TO EXPOSURE LEVELS

CLINICAL RELEVANCE (?7?)

Figure 3.

Cumulative TIM
of exposure

Cumulative DOSIS

A concept of the present study on dysregulation of autonomic control
of cardiac function in workers of radio transmitting centres
exposed to 10-30 MHz RFs.

included lowering of the day/night BP and HR ratio with negative correlation with RF exposure levels
of workers [Bortkiewicz A et d 1997, Bortkiewicz A et a 1995]. These findings suggested that the
multiyear exposure of workersin rdatively strong RF EMFs may additionaly lead to
desynchronization of certain naturd diurnd rhythms, mainly of those rhythms which are controlled by
the autonomic nervous system.

In the literature there exist experimenta data indicating that exposure of animas in controlled
EMFs may result in desynchronization of circadian rhythms [Repacholi MH 1998, Schwartz PJ et
1993], which leads in turn to disturbances in function of certain organs and systems.

In the present study we examined cardiac function in another group of workers exposed to RF
radiation. Personnel of radio transmitting centres (RTC), exposed during work to 10-30 MHz RFs, has
been monitored during the whole 12-hr shift to assess the RF exposure and thereafter underwent
cardiac examination which alowed to determine parameters of autonomic regulation of cardiac function,
including heart rate variability and diurnd rhythms. In this study we tried to find best possible reations of
abnormadlities in cardiac function with exposure parameters (maximal and mean levels of exposure, time
of exposure, daily dose of exposure) to determine the proper methods of exposure assessment for
medica sudies (Fig.3).
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Materialsand M ethods

Workers. For the present study, atota of 76 men aged 35-60 years, 38 working at three military
Radio Tranamitting Centres (RTC) (10 — 30 MHz transmitters with ........ kW power outputs) and
38 at two radio line stations was selected. All subjects were employed in 4-day working cycleswith
12-h shift (day), followed by 24-h rest, 12-h shift (night) and 48-h rest. There were counted 125
shifts per year asthe basisfor caculation of cumulated life EMFs exposure dose. Characterigtic of
the groups of workers (Sze, age, working cycle, RF exposures) are summarized in Table 1. Thirty
eight subjects were considered as exposed to RFs ( & maxima vaues for E-field intensity during
working shift showing individua differences from 9 to 174 VV/m), while the remaining 38 did not
experience measurable exposures.

Both these group (RF-exposed and non-exposed) were matched for age, duration of employment
(6—34 years), nutritiond state and hedlth satus at P< 0.01.

M easurement of RF EM F exposur es. For measurements of dectric (E) and magnetic (H) field
srengths two different types of broad-band meters were gpplied:

1. MEH-25 meter (Indtitute of Microwave Technology, Technical University School, Wroclaw,

Poland), equipped with:

1. AE-1dectricfied probe (100 kHz-300 MHZz) with accuracy + 10% in the range of 2-
1000 V/m of dectric fidd strength;

2. Isotropic 3AE-2e eectric field probe (100 kHz-300 MHZz) with accuracy £ 10% in the
range of 0.5-50 V/m of dectric field strength;

3. AH-1 magnetic fidd probe (100 kHz-300 MHZz) with accuracy £ 10% in the range of
0.5-250 A/m of magnetic fidd strength.

2 TheWandd & Golterman Radiation Meter EMR-300 (Germany), equipped with:

1. Hfied probe type 10 with accuracy of + 0.5 dB over the range of 0.03 - 16 A/mand in
the range of frequency of 27 — 300 MHz. In the range of 5—27 MHz a cdibration
coefficient was individualy declared for measurements for each frequency individualy;

2. Efidd probetype 8 with accuracy of + 0.5 dB over the range of 1-800 V/m for the range
of frequencies 100 kHz-3 GHz.



Table I. Dysregulation of autonomic control of cardiac function in workers
exposed to 1-30 MHz RF radiation. Design of the study.

Groups of workers
Unexposed Exposed 10-30 MHz
controls
Number of subjects 3 38
Age 448+ 8.7 457+89
Working cycle 4-day, 4-day,
2x 12 hr shifts 2 x 12 hr shifts
Exposure assessment
? (>//m) 0 100.7 + 46.8
DSFN(Vn;r?r1)2 x hr 0 60+31
DL 104 (V/Im)2x hr 0 10881+937.1
0 1082+ 813

Cardiologic examinations

1.Routine medical examination
2.Questionnairing (risk of cardiac diseases)
3.Routine ECG at rest (10-min recording)
4.HRV (heart rate variability from 10-min ECG recording)
5.Holter 24-hr ECG recording
6.24-hr ABP (ambulatory blood pressure)
Analysisof results

1.Correlation of cardiologic examinationswith RF exposure levels

2.HRV parameters (fast and slow components of the spectrum) in RF-exposed workers
3.ECG abnormalities in RF-exposed workers

4.Day/night ratio of BP and HR

5.Diurnal rhythms of BP and HR

Protocol of investigations. The investigations planned for this study comprised questionnairing
oriented toward risks of cardiac symptoms, general medica examination, ECG recording &t rest,
24-h Holter ECG recording and 24-h ABP (ambulatory blood pressure) recording. From these
recordings severd parameters were computerised, including heart rate variability (HRV), number of
ECG abnormdlities, day/night BP and HR, aswell as parameters of diurna rhythms of BP and HR
(mean vaue, amplitude and acrophase of the cosinor). The intendent procedures had to be properly
coordinated with the 4-day working cycle of sudy workersin order not to interfere with direct RF
exposure. The 24-tests were performed only during the 4th day of the working cycle, starting at 8:00
am (Table 2). Thisensured at least a 1-day rest after each last working shift before the tests and
provided rdaively ordinary life conditions during testing. In the case of ABP recording, dl subjects
were instructed to rest (deep) in bed without any physical or mentaactivities from 10:30 p.m. to 6:30
am. before during the day of test.
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Methods of investigations

Medical examinations. Evauation of the hedlth status of workers was performed by extended
questionaire completed by al investigated subjects. This questionaire (constructed at the Department
of Work Physiology and Department of Epidemiology, Inditute of Occupational Medicine, Lodz,
Poland) contained particular questions regarding the type of occupation, stress of a work, course of
work shifts, life and nutritiona habits, physicd activity, self-evauation of hedlth status and family
history of metabolic and circulatory diseases. Response to the questionaire was followed by
anamnesis and routine physical examination performed by qudified physicans from the occupationa
medica eff.

ECG recording at rest. Routine ECG recordings were performed during rest in the supine position
from typica leads (precordid and extremities) using the Medea system[Bortkiewicz et d 1997].

Holter ECG recording. Twenty-four-hour ECG recording (Starting at 8:00 am. on the 4th day of
the working cycle) was performed using Medilog type 3000 (Oxford, England) and Crypton 2500
(Micro-Medics, France) sets from two bipolar leads CM5 and CS1. Find results included
evauation of basic parameters of the ECG curve (heart rate, R-R period, symptoms of mild ischemia
or arythmia).

Heart Rate Variability (HRV) using Medea-HRYV. At least 600 heart cycles were registered to
enable HRV andysis from 512 consecutive ECG cycles (R-R periods). HRV andysisincluded time-
related parameters. duration of R-R periods (msec.), individua standard deviation of 512 R-R
periods (msec.), median and moda vaues of R-R, as well as parameters of frequency spectrum
digtribution (FSD). For analysis of FSD afast Fourier transformation (FFT) was applied. Low
frequency (LF = L1+L2 = 0.04 — 0.15 Hz), known aso as Mayer wave sinus arrythmia (MWSA),
and high frequency (HF = F3 = 0.15 - 0.35 Hz), known as respiratory sinus arrtythmia, components
of the spectrum were differentiated and computed for each individud.

Ambulatory Blood Pressure (ABP) recording. Oscillometric 24-h ABP recording was
performed using Medilog (Oxford,England) [Bortkiewicz A et d 1997, Staessen J et d 1990].
Automatic measurements of arterial BP were taken every 0.5 h during the day (6:00 am. - 10:00
p.m.) and every 1 h during the night (11:00 p.m. - 5:00 am.) for atotal of 41 testsover 24 h.
Systalic (SBP), diastolic (DBP), mean (MBP = SBP + DBP) blood pressure and heart rate (HR)
were recorded in each test and used for calculation of diurna rhytms. Recordings of ABP started at
the sametime of day (7:00 am.) in al studied subjects, but the first two recordings were deleted
from analyssto dlow adaptation to ABP recording.

Analysis of diurnal rhythms of blood pressure and heart rate. Diurnd rhythms were caculated
for each individud by aleast-square fit of a24-h cosinor (Single Cosinor andysis) [Cornelissen G et
a 1996, Szmigidski Set d 1998, ThijsL et d 1992], the rhythm parameters (mean value,
amplitude,acrophase) were taken from the sine curve equation and used for further andlyss. A tota
of 2-3 missng vaues per 24 h ABP (41 recordings) were accepted for analyss of rhythms. All
recordings were checked for artifacts, beside those automatically edited by the Medilog ABP
monitor. Recordings which showed a differences > 0.5 of diurnd acrophase va ue between two



adjoining records were considered as errorneus and/or perturbed by externa stimuli (e.g. excitation).
Such recordings were excluded from anayss by the computer program and parameters of the
rhythm were recalculated to receive find vaues.

Results

Assessment of RF exposure. Destiled results of monitoring of RF exposure during 12-hr shiftsin
al investigated RTC workers are summarized in Table I1. Analysis of data indicate thet there exist
large individud differencesin exposure levels (Emax ranging from 9 to 174 V/m, Eav for the shift
from 0.5t0 11.4 V/m) (Table 1), while time of real exposure (Tex) in measurable RF fields during
the 12-hr shift gppeared to be rdlatively short and lasted from 0.3 hr (18 min.) to 2.6 hr (2 hr 36
min) with mean value of 1.72 hr (1 hr 43 min).

A comparison of maxima exposure levels (Emax) and daily exposure doses (D) (for caculations
see Tablell) for dl investigated subjects revealed a high correlaion between the two parameters
(Prearson's coefficient r = 0.876). Additionaly, 4 subgroups of workers, which differ considerably in
levels of their RF exposure can be easlly identified in the present population.

Changesin ECG and Holter recordings. Abnormalities and pathologica changesin ECG
recordings for workers at RTC radio link stations occured quite frequently both RF-exposed and
non-exposed subjects (Table 111). In the whole population (exposed and non-exposed) about 60%
of ECG recordings (either resting or Holter ECG) have shown more or less easily detectable
deviations diagnosed as conduction, rhythm or repolarization disturbances (Table [11). In generd,
abnormdlities and pathologica changesin ECG recordings were found more frequently in RF
exposed group than in non-exposed workers (28 abnormal records in RF-exposed and 18 in non-
exposed, P <0.01), but in most cases the noted ECG abnormdities were listed as dight changes
without clinica risks (e.g. number of extrasystoles dightly above normd leves, lowering of -ST
fragment of the curve) (Table I11). The most gtriking difference between RF-exposed and non-
exposad workers was noted in the number of rhythm disturbances, including series of ventricular and
supraventricular (atrid) extrasystoles (ExV, ExSV) (Tablelll). ExV and ExXSV were detected in
genera from andysis of 24-h Holter ECG recordings and in most cases gppeared to be short series
of extrasystoles, amounting to atota of 100-400 ExV during the 24-h period recording, dightly
above the upper limit accepted for healthy men of the respective age by an internationd group of
experts [Staessen Jet d 1990].



Table I1. Assessment of individual exposure to 10 — 30 MHz radiofrequency fields in 38 workers of Radio Transmitting Centres (RTC), aged 45.9 + 8.8
years, employed in a 4-day working cycle (12 hr work — 24 hr rest — 12 hr work — 48 hr rest).

Employment Timeof exposure Total time of RF Emax (V/m) Eav (V/m) Dose (DSF) Life dose
in RF fields (years) during 12-hr shift  exposure per during 12-hr shift  during 12-hr shift  during a 12-hr (DLF)

(hr) month (hr) shift (V/im)2x hr 104 (V/Im)2 x hr
min. 2 min. 0.3 min. 112 min. 9 min. 05 min. 2 min. 1
max 34 max 26 max 823 max 174 max 114 max 3120 max 276
mean 21.02 mean 172 mean 5324 mean 109.74 mean 598 mean 1088 mean 108.2
SD. 9.68 SD. 0.67 SD. 20.84 SD. 46.81 SD. 313 SD. 937.1 SD. 813
Range No. of Range No. of Range No. of Range No. of Range No. of Range No.of  Range No. of

subjects subjects subjects subjects subjects subjects subjects

<10 3 03-1 9 10-20 8 <10 1 <2 8 <100 8 <5 8
10-15 8 1-15 0 21-40 1 10-50 4 21-6 10 100-500 2 6-50 5
16- 20 6 15-2 11 41-60 12 51-100 11 6.1-8 5 501-1000 9 51-100 6
21-25 10 2-25 17 61-80 16 101-150 14 8.1-10 7 1001- 2000 12 101-200 15
26-35 11 >25 1 >80 1 >150 8 10.1-12 8 2001-3200 7 200 - 280 4
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Table I11. Abnormalities and pathological changesin electrocardiographic
(ECG) recordings in workers of Radio Transmitting Centres (RTC) exposed
to 10-30 MHz RFs and in non-exposed workers of radio link stations.

Whole RF- Nonexposed
T o ey sason
(N =38)
Total number of workerswith 46 28 18 c2=446
ECG abnormalities (standard
and/or Holter) (61.0%) (74.0%) (47.0%) P<0.05
General Assessment of ECG recordins
Normd (0) 30 10 20
Slight abnormalities without 30 18 12
chn;cal rlsl;sla(l) i - c2=1172
phiirci- N
Pathological changeswith
dlinical risks (3) 4 3 1
Predominant types of abnormalities and pathological changesin ECG recordings

Conduction disturbances 19 12 7
Intraventricular 5 3 2
Intra-atrial 3 1
RBBB 7 4 3
Other 2 1 c2=1734
Rhythm disturbances 28 19 9 P<001
BV 21 14 7
ExSV 7 5 2
Repolarization disturbances 16 10 6

(incl. lowering of ST)

NS —not significant (chi-square test, P > 0.05);
RBBB - right bundle branch block;

ExV —ventricular extrasystoles;

ExSV —supraventricular extrasystoles;

ST — ST fragment of the ECG recording.
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Heart Rate Variability (HRV). Anadysis of HRV, based on computation of 512 consecutive ECG
cycles from resting recordings reveded significant lowering of low/high (LF/HF) component ratio
(F1+F2/F3 and F2/F3) in RF-exposed subjects, compared to non-exposed controls (P< 0.001). The
lowering of the low/high ratio resulted mainly from higher vaues of the respiratory snus arrythmia (RSA)
component of the frequency spectrum (0.15-0.35 Hz, expressed as F3), being an indicator of
parasympathetic nervous system tonus. The F3 component of HRV spectrum has shown a sgnificant
negative correation with RF exposure level of workers, expressed as the daily exposure dose (DS) (F =
18.47,r =-0.447, P< 0.01), smilar to the negative correlation between Dsf and HRV dow/fast
component ratio (Fig.6).

Analysisof ABP recordings. Analysis of 24-h ambulatory blood pressure recordings has shown
that the average vaues of systolic and diastalic arterid BP for both investigated groups were within
limits considered normal for hedlthy men (Table V). High standard deviations

(9 - 12 mmHg) indicate that exigt indviduas with BP vaues exeeding upper limits of the normd
range (Table 1V). In fact, devated vaues of BP during day, night and/or 24-h recording were found
In Sx workers (16%) in the RF-exposed and in three subjects (8%) in the non-exposed group, but
the difference was not sgnificant. Systolic BP during the day was about 15 mm Hg higher than
during the night (Table V). The day-night difference in diastolic BP reached 10-12 mm Hg, and this
resulted in BP day/night ratios of 1.10-1.20. The day/night ratios, both for BP and heart rate (HR),
differed sgnificantly between RF-exposed and non-exposed groups a P<0.01 (Table V) and
showed sgnificant corrdation with individua exposure levels (D) .

Diurnal rhythms of BP and HR. In dl investigated subjects the diurnd rhythms of BP and HR
were wd| preserved and easily caculable (Fig.4).

Theworking in a4-day cycle with dternate day and night 12-h shiftsis not anorma stuation and
may lead to desynchronization of naturd diurnd rhythms, e.g., in body temperature, heart rate, blood
pressure, autonomic regulation and certain biochemica parameters [Muller JE et d 1994, Taylor AA
1994]. A typica result of desynchronization of these diurnd rhythms appearsto be lowering of their
amplitude, shifts of the acrophase (time of maximum) and changesin the time relaion of dependent
rhythms [Hayano J 1990]. Andysis of systolic blood pressure vauesin hedthy mae (aged 35
years), between 0:00 and 9:00 p.m., reveded well preserved rhythm with two maxima during day-
time and one minimum during night-time (Fig.8). The least-square fit of a24-h cognor (Single
Cosnor andyss) flattens the maxima and minimaand dlows to caculae individud rhythm
parameters - mean, amplitude and acrophase (Fig.4).
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Table IV. Analysis of 24-hr ambulatory blood pressure (ABP) recording and
parameters of diurnal rhythmsin workers exposed to 10-30 MHz RFs.

Parameter analyzed popljrlgt?lon of Exposd Non-exposed
workers workers workers
(N=76) (N=38) (N=38) Stat. sign.

SBP 24-hr (mean) (mm Hog) 1304+ 98 1286+ 104 1324+92 NS
DBP 24-hr (mean) (mm Hg) 834+88 84.6+83 824+9.1 NS
SBP day (mm Hg) 1384+107  1374+113 13924103

DBP day (mm Hg) 89.3+78 834+83 91.2+7.6

SBP night (mm Hg) 1239+ 77 1235+ 72 1245+ 83 P<0.01
DBP night (mm Hg) 774+68 786+ 66 764+7.1 P<0.01
SBP day/night ratio 113+ 0.06 111+ 005 115+ 0.06

DBP day/night ratio 112+ 0.05 109+£004 114+0.05

HR 24-hr mean 7715+£72 784+ 8.6 76.3% 6.6 NS
HR day 84.1+84 835+94 842+82 NS
HR night 72.3+64 742+7.3 703x54 NS
HR day/night ratio 115+ 0.08 111+ 007 118+ 0.09 P<0.01
Parameters of diurnal rhythms

SYSTOLIC

BLOOD PRESSURE

24-hr mean value (mm Hg) 126.1+7.1 1265+ 7.0 1254+72 NS
Amplitude (mm Hg) 154+32 140438 174+ 26 P<0.01
Acrophase (grades) 2104+227  1996+275  2286+201 P<0.05
DIASTOLIC

BLOOD PRESSURE

24-hr mean value (mm Hg) 853+ 49 846+ 48 87.1+51 NS
Amplitude (mm Hg) 114+32 98+ 36 123+31 P<0.01
Acrophase (grades) 2054+251 1864+ 284 231.3+235 P<0.05
HEART RATE
24-hr mean value 781+81 773+78 784+88 NS
Amplitude 146+ 64 114+54 183+7.2 P<0.01
Acrophase (grades) 1848+236  1683+24  2085+24.2 P<0.05

SBP —systolic blood pressure; DBP —diastolic blood pressure; HR —heart rate.

27



135 = ~ 135
%130 o = 130
T 7 | [
=125 = =125
B = | o
g :CO 122.25 mm Hg /II Il O :
123 4 -
3 120 = { = 120
o . |C=18.7 mm Hg r
K ] | [
g 115 = \Ly = 115
& 1 - Y (— | :
g 1107 f(t)=Cq+ Ccos (f - wy - 110
n 1 a B
105 = f = 213.71(2:15 PM) = 105
Ji2PM 3AM 6AM 9AM 12 AM ¥PM 6PM 9PM 12PM [
100 ———t—+—+—t++—+—t—+—+t+—+—++—+—+—++++++++= 100
0 45 90 135 180 225 270 315 360
Time - angular frequency (w¢) - period of the day
3 100
140 B Non_exposed i
1 1000 (v/im)2xh i Non-exposed
<1000 (V/m)>h 4 <1000 (V/m Y 5h
5130 - | >1000 (V/m)2xh
2 _
£120 T 2%
= =] - c —
o BP systolic E i
=l 2 i
8110 = g ] ——| Heart rate
s r ~ —o— =
8100 = §80 7
3 g i
2 ] i
8 = o 2 i
g 90 BP mean -
)<_ T L
80 1 70
b . - c
70 = i
110 AM 12 AM 2 PM 4PM 4 10 AM 12AM 2 PM 4PM
60 ———t—— 60 ——f——+—1
135 180 225 270 135 180 225 270
Time - angular frequency (w;) Time - angular frequency (wy)

Figure 4. Diurnal rhythm of systolic blood pressure in a 35-year old healthy workernot
exposed to EM fields (a) and in the RF-exposed group of workers(b and c).

For unexposed workers the acrophase of al BP rhythms was about 220° (3:00 p.m.) (Fig.4 b). In
RF-exposed workers amplitude and acrophase of diurnd rhythms of BP differed sgnificantly from
vaues observed in unexposed subjects (Fig. 4b). Amplitude of rhythms was lower in the exposed
and showed negetive correlation with individual RF exposure dose (DSf) (Fig.4). Acrophase of
rhythms was shifted to about 180° - 195° (11:00 am. - 1:00 p.m.) and again, and showed negative
correlation with individual RF exposure dose (D).

The course of HR rhythmswasin generd similar to that of BP rhythms, but acrophase of the
HR rhythms in both investigated groups were shifted to the Ieft by about 30° (2 hr) and ranged from
165° to 210° (11:00 am. - 2:00 p.m.). Significant differences (P < 0.01) for amplitude and
acrophase of HR rhythms were noted between RF-exposed and non-exposed groups (fig.4 b,c)
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Discussion

In the present study, workers at radio transmitting centres (RTC) and radio line Sations were
diagnosed from the point of view of presence of functiona disturbances of the circulatory system and
increased risk for development of ischemic heart syndroms. All investigated subjects were quaified
by occupational medica services as afit for work a permissble intengties of RF EMFs.

The main results of our experiments reveded that there existed two types of changesin the
investigated subjects. First, quite frequently in the EM-exposed workers there appeared various
subclinica abnormalitiesin ECG recordings. Second type of changes was desynchronozation of
diurna rhythms of ABP and HR. The diurnd rhythm of BPisamgjor source of BP variability. ABP
recorded in EM-exposed workers has shown repestedly the liability of both SBP and DBP, being
closdly rdated to the activity of the subject [Bortkiewicz et d 1995]. Thefal of BP at the rest time
and arise a the time of activity appears to be the most marked and persistent changes over the 24-h
ABP [Bortkiewicz et d 1995]. Some authors conclude that the oscillations in the autonomic drive
directed to the heart may be important in genesis of diurna rhythms of cardiac function [Hayano J
1990, Taylor AA 1994)]. In fact, day-to-night oscillations of sypathetic and parasympathetic nervous
system activity were observed by spectrd analyss of HR and BP [Muller JE et d 1994]. Generdly,
different experimenta dates indicate thet diurna rhythms of cardiovascular activity have their originiin
the central nervous system [Corndlissen G et d 1992, Hayano J 1990, Muller JE et d 1994].

Anaysis of ECG recordings, received during our studies, points a variety of minor and more
serious abnormalities and even pathologica changes appearing quite frequently in both groups of
workers. Close to 75% of RF-exposed workers showed various disturbances in condustivity,
rhythm or repolarization, but in most cases only dight ECG abnormdities, without clinical relevance
and risks have been identified. In fact, dl types of abnormdities and pathologica changesin ECG
appeared more frequently in RF-exposed workers than non-exposed group (P <0.01), but no
particular form of ECG abnormalities could be identified as responsible for the difference between
exposed and non-exposed subjects. Therefore, we cannot draw firm conclusion about higher risk of
functiona cardiac disturbances related to occupationd exposure to RF. We cannot point the
predominating types of these disturbances, which could be determined in the exposed group, too.
Neverthdess, there exigs aclear tendency for a higher number of mild rhythm disturbances (mostly
small series of arid extrasystoles, amounting to atotal of 100-400 ExV during 24-h Holter
recording) in RF-exposed workers. Thistendency may be explained as the result of the functiona
dominance of the sympathetic systlem in autonomic regulation of cardiac function in multiyear
employees exposed to RF. On the other side, other results obtained in the present study do not
confirm the presence of sympathicotonic regulation of cardiac function in RF-exposed workers.
Particulary, no convincing symptoms for predomination of sympathicotonic regulation were found in
andysisof HRV, including parameters of ECG frequency spectrum distribution, being consdered as
an objective method for evaluation of sympatheti c-parasympathetic components in neurovegetative
regulation of cardiac function [Bortkiewicz A et d 1997, Bortkiewicz A et d 1995].

Satigticaly significant changes, between RF-exposed and non-exposed group, were found for
their diurna rhythms of BP and HR. A group of RF-exposed workers has shown considerable shifts
in their diurnd rhythms of BP and HR. Mean 24-h vaues for systalic blood pressure (SBP), diastolic
blood pressure (DBP), mean blood pressure (MBP) and HR did not differ from those recorded in
non-exposed subjects employed at the same working pattern, but the day/night ratios and amplitude
of the most rhythms were sgnificantly lower. Additiondly, the acrophase of the rhythm was shifted to
earlier hours of the day. Anayss of individua amplitude and acrophase vaues revealed their srong
negative correlation with maximal RF exposure levels experienced during working shift. In view of
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these resultsit may be concluded that multiyear occupationd exposure in RF EMFs can
desynchronize autonomic neurovegetative control of cardiovascular function.

RF-exposed and non-exposed workers were employed on the same working pattern (a 4-day
cycle which included two 12-h working shifts and one of the four days in the cycle with reversed
activity - night shift) and such working pattern was continued for the whole period of employment
(6-34 years). Therefore, dl investigated subjects should be considered as adapted to a particular
working environments, which may generate modified course of physiologic rhythms, including diurnd
rhythms of BP and HR. Neverthlessthe differences observed between RF-exposed and non-
exposed subjects can be attributed to influence of EMFs. Both groups were matched with regard to
age, duration of employment, nutrtiond stage, hedth satus, leve of physicd activity, qudity of deep
and timing of the degp-wake trangtion. A link between EMF exposure and change of diurnd rhythm
of BP and HR is additionally confirmed by a strong corrdation of amplitude or acrophase vaues
with individud RF exposure levels.

At present we cannot offer a resonable explanation for mechanisms responsble for changes of
diurnd rhythms of BP and HR in workers exposed to RF EMFs. There exist no sufficiencely direct
evidences to confirm the hypothesis that observed desynchronization of autonomic regulation of
cardiovascular functionsisaresult of EMF exposure. But in the available literature there exist
experimentd date indicating that exposure of animasin controlled microwave fidds may result in
desynchronization of circadian rhythms, which leads in turn to disturbances in the function of certain
organs and systems [Schwartz PJ et d 1993]. These results were never confirmed in epidemiological
and medicd investigations of humans exposed to eectromagnetic fields. Results of the presented
study supports, for the first time, the possibility that occupational RF exposure may desynchronize
diurna rhythms of BP and HR, generated by day/night oscillations of autonomic regulation systems.

In conclusion, it is our strong feding that occupationa exposure to RF fidds increases the risk of
disregulation of autonomic control of cardiac function. Such dysregulation is manifested by changed
ratio of high/low fractions of HRV, increased number of functiond ECG abnormdities and lowered
day/night ratio of BP and HR. Additiondly, shifts of diurna rhythms of BP and HR (lowering of
amplitude, earlier occurance of acrophase) confirm the tendency for dysregulation of the autonomic
control. However, the clinica relevance of the RF-related dysregulation of autonomic control of
cardiac function and its influence on the possible increase of risks of cardiovascular diseasesis not
known; further studies for assessment of this possibility are needed.
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Hygienic, clinical and epidemiological analysis
of disturbances induced by radio frequency
EMF exposure in human body

V.N. Nikitina

North-West Scientific Center of Hygiene and Public Health,
St.-Petersburg, Russia

The am of the study was health examination of workers exposed to HF and microwave range (3
and 10 cm) EMF. Mde regulators of communication equipment were exposed to HF EMF (3 —30
MHz). Microwave effects study was based on hedlth status assessment of female testers of
electronic equipment.

Regulators of nava radio communication equipment were exposed to modulated EMF. The EMF
intensity levels ranged from unitsto tens of V/m. Sporadically the regulators could be exposed to
250 V/m EMF. Red time EMF exposure ranged from severd minutes to 3-4 hours per shift.
Comparison of measured EMF levels and exposure time shows that workplace energy exposure
(E*T) did not exceed the lega maximum alowable values (7000 V/n#/hours). Other physical agents
(noise, temperature, air humidity) did not exceed the sanitary standards.

Clinical examination of 72 regulators of radiotransmitting communication devices (1*basic group),
18 persons previoudy (5-10 years before) exposed to EMF (2"-specific group) and 45 persons
(3-control group) was carried out. The specia and the control group comprised of regulators of
non-radiating devices. The age of the subjects in the compared groups ranged from 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 stlandardization method was used.

Anaysis of complaints showed that the regulators of radiotransmitting devices complained of
headache, pain in the heart, deep disturbances, epigastric pains, dyspeptic disorders and increased
fatigue (Table 1) sgnificantly 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 deep disturbances.
The rate of somatic disorders in the basic group was sgnificantly higher than in the control (77.8%
compared to 28.9%, P<0.01). Table 2 shows the pattern and rate of pathological changesfound in
HF-exposed workers and in the control. As follows from table 2 the rate of central nervous system
(CNS) and cardiovascular system disturbances diagnosed in EMF-exposed workers was
sgnificantly higher than in the control. A tendency to an increased rate of gastrointestingl tract
pathology was observed. Periphera nervous system diseases were registered in both of the
compared groups, but the differences were not sgnificant. Table 3 illustrates the incidence of
functional CNS and cardiovascular system disturbances in the basic, control and specia groups. As
follows from table 3, the CNS and cardiovascular system pathology leve is Sgnificantly higher in
regulators and in persons previoudy exposed to EMF than in the control group. Hedth status
changes induced by EMF-exposure are persistent.
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Table 1. Complaint pattern and rate in workers exposed to 3-30 MHz EMF and
control groups (%).

Complaint pattern Basircl::g;gups - i%nst'rr?lz 5 P
Headache 236 88 <0.05
Sleep disturbances 83 0 <0.05
Heartache 180 44 <005
Epigastric pains 16.7 6.6 NS
Increased fatigue 125 44 NS

I rritability 41 44 NS
Dizziness 2.7 44 NS

Table 2. Pathological changes pattern and rate in workers exposed to 3-30
MHz EMF and control group, (%).

Basic

Pathological changes groups Control groups P
n=45

n=72
Central nervous system disturbances 50.0 133 <0.01
Cardiovascul ar system diseases 347 6.7 <0.01
Gastroi ntgs_tl nal tract diseases (gastritis, 194 11 <ol
cholecystitis)
Peripheral nervous system diseases 9.7 6.7 NS
Respiratory organs diseases 125 44 NS

Table 3. Prevalence of central nervous system functional disturbances and cardio-
vascular system pathology in basic, special and control groups (%).

Basicgroups Special groups Control groups

Indicators n=72 n=18 N5 P1 P2

CNSfunctional

disturbances 443 778 133 <0001 <0001

Cardio-vascular

system pathology 375 389 133 <001 <005
Note: P1 - Confidence level of differences between the basic and the control groups.

P2 — Confidence level of differences between the special and the control groups

The pattern of CNS disturbances in regulators of radiotransmitting devicesis shown in Table 4. The
firg 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 atheroscleros's, the
latter being registered only in the basic group.

The percentage of CNS functiona disturbances in workers having employment duration less
than 20 years was practicaly the same asin workers with 10-20 years of employment. The
incidence of CNS functiond disturbances decreases in the working group having employment
duration over 20 years, but cerebral atherosclerosisis registered in this group. Tota percentage of
subjects with CNS pathology is highest in the latter group. Such dynamics of functiond CNS
disturbances was the same after age-adjusting of pathology incidence in the basic and the control
groups (Table5).



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

Pathological changes Basic groups Control groups
Astheno-vegetative syndrome 25.0 22
Vegetative dysfunction 138 89
Neurasthenic syndrome 56 22
Cerebral atherosclerosis 56 0

Table 5. Age-adjusted incidence of central nervous system functional disturbancesin
workers exposed to 3-30 MHz EMF and control groups.

" Expected” number of pathol ogiesfor

Age, years Totalgpgurgger of Age s(tor/ou)cture 100 workers

Basic groups Control groups
20-29 42 359 195 0
30-39 33 324 191 6.0
40-50 37 317 79 21
Total 117 100 46,5 81

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

Table 6. Cardiovascular system diseases in workers exposed to 3-30 MHz EMF
and control groups (%).

Nosologic forms ES?; groups g:zgd groups P

V egetative vascular dystonia 181 44 <0.05
cardial type 9.7 0 <0.05
hypertonic type 6.9 44 NS
hypotonic type 42 0 <0.05

Hypertonic disease 9.7 22 NS

Atherosclerotic and 69 0 <005

myocarditic cardiosclerosis

Age-adjusted incidence of cardiovascular system disease was higher in HF radiation exposed
workersin al 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 cerebrd atherosclerosis
or hypertonic disease. It should be emphasized that the given pathology was observed in workers of
rather young age (3847 years).



Table 7. Age-adjusted incidence of cardiovascular system diseases in workers
exposed to 3-30 MHz EMF and control groups (%).

Age, Total number of Age " Expected” number of pathol ogiesfor
years groups structure 100 workers

Basic groups Control groups
20-29 42 359 6.5 0
30-39 38 324 11.8 41
40-50 37 317 14.7 39
Total 117 100 330 80

Biochemicd findings are shown in Table 8. The table illustrates the differences observed between
the compared groups. Thus, the basic group subjects had a significantly higher 3-lipoproteid level as
compared to the control. 76% of the basic group were reveded to have (3-lipoproteid levels
sgnificantly exceeding physologica sandards in comparison with 36.4% of the control group
(P<0.01). The basic group was reported to have a tendency to the increased totd lipid
concentration. Carbohydrates metabolism changes in the basic group were manifested in the religble
increase of milk acid, piruvic acid and glucose concentration, as compared to the control. Four
subjects with glucose levels exceeding physiologica standards aso belonged to the basic group.
Thyol disulphide system changes were characterized by SH-groups concentration decrease and
disulphide group concentration increase.

Table 8. Biochemical study findings.

: ] Groups P
Indicators studied - X
basic special control 1 2

Tota lipids, g/l 9.33+0.33 10.27£0.83 803+ 059 <01 <005
Cholesterol, mmol/l 6.54+0.20 7.05+0.31 6.64+0.20 NS NS
b-lipoproteids, g/l 6.73+0.20 6.51+0.51 545+0.2 <001 <01
Milk acid, mmol/l 11+004 116+ 0.29 0.89+ 0.05 <001 NS
Pyruvic acid, pmol/I 1150+ 30 1226+75 986+6.0 <0.05 <0.05
Glucose, mmol/l 4.4+ 0.09 416+0.16 3.64+0.09 <0.01 <0.05
Blood SH — groups, 2367+0.71 2315+1.25 27.76+1.15 <0.01 <0.05

mol/|
Blood SS-—groups, 282+014 205+021 189+0.22 <001 NS

mol/l
SH/SS, units 942+ 059 113+11 1293+1.49 <0.05 NS

Note: 1 —confidence level of differences between the basic and the control groups.

2 —confidence level of differences between the special and the control groups.

Subjects previoudy exposed to EMF were observed to have biochemica changes as compared
to the control aswell.

For the assessment of possible EMF effects on the male reproductive function reproductive
hormone levelsin blood system were determined by radioimmunologica methods (Table 9). The
table shows that testogterone levels in regulators are lower than in the control. Luteinizing hormone
(LH) blood levelsin male workers exposed to EMF did not change rdliably, but the concentration of



the other gonadotropic hormone —fallicle-stimulating hormone (FSH), —increased under EMF
exposure.

Table 9. Endocrine system state indicators in persons exposed to short-wave el ectromagnetic
fields (experimental group), in previously, EMF-exposed persons (special group) and in
control persons

Hormone Cont. group Exp. group Special group
Control (nmol/l) 480.7+ 315 4529+ 313 411.8+26.8
Testosterone (ng/ml) 439+0.33 348+ 0.28, p< 0.05 3.03+£0.34, p<0.05
Luteinizing hormone (1U/) 754+0.98 7.66+ 0.52 849+ 0.64

Follicle-stimulating hormone

Findings andysis shows that hormona gonade function 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 sudies obtained by Dr. N.N. Uspenskaya (1966) at our Ingtitute are given. The author
carried out the dynamic clinica follow-up of hedth status of femae dectronic device testers exposed
to 3 and 10 cm wavelength EM radiation, power flux density reaching tens of mw/cnt.

Dynamic study involved 70 femde testers, 15 of them being examined twice, 55 —threetimes or
more. In theinitid study the average age in the group was 28 years, and the employment duration
was 3 years and 8 months. In the fina study the average age was 31.7 years, and the employment
was 6 years and 7 months, that is, young workers having short employment duration were examined.

Table 10 illugtrated the pattern and rate of complaints among workers exposed to SHF radiation
in the beginning and at the end of the study. The 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 aswell asin HF workers (Table 11). Pathology incidence increased
sgnificantly with the increase of EMR exposure duration. Gynecologica disease incidence was high
in the female testers.

Table 12 shows the pattern of CNS functiona disturbancesin the first and in the second studly. It
IS seen that the employment duration increase results in the decrease of percentage of vegetative
dysfunction and neurasthenic syndrome cases, but the number of combined vegetative dysfunction
and asthenic syndrome cases increases sgnificantly.



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

First examination Last examination

Complaint pattern

n=70 n=70
1 Headache 385 62.8 29
2 Increased fatigue 30.0 54.0 29
3 Sleep disturbances 30.0 45.7 19
4 Irritability 157 371 29
5 Heartache 157 3K.7 27
6 Dizziness 128 229 16
7 Dyspnoea 128 328 29
8 Epigastric pains 142 85 0.8
9 Memory 28 14.2 25
disturbances
10 Sweating 28 12.8 23

Table 11. Pathological changes pattern and rate in workers exposed to
3 cmand 10 cm microwave radiation, tens of W/m? intensity in the dynamics

of occupational employment (%o).

First Second
Pathological changes exam. exam. t
n=70 n=70
1 Qentral nervous system functional 414 770 44
disturbances
2 Cardiovascul ar system diseases
(my ocardiodystrophy, hypotonic 838 20.0 19
syndrome)
3 Gastrointestinal tract diseases
(gastritis, cholecystitis) 28 85 15
Gynecological diseases 271 314 0.6
Visual organ diseases 100 10.0 -
6 Otolaryngological diseases 114 185 118

Table 12. Pattern of central nervous system functional disturbancesin workers
exposed to 3 cmand 10 cm microwave radiation, tens of W/m? intensity, %.

Pathological changes 1St . 2nd examination
examination

V egetative dysfunction 58.6 46.2

Neurasthenic syndrome

with vegetative 34.6 29.6

dysfunction

Asthenic syndrome with 68 240

vegetative dysfunction
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Conclusions

Performed studies suggest the identity of hedlth disturbances among the
workers exposed to low intensity HF and SHF EMR.
The disease induced by dectromagnetic radiation is dinically manifested
in vegetative dystonia syndrome with peculiar complaints, and
disturbancesin centra nervous system, cardiovascular system,
reproductive system and gastrointesting tract; and in blood biochemical
parameter changes.
Reveded changes are persstent in character and do not disappear after
ceasing the EMF exposure.
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, hormona gonade function decresse, the character of thyol
disulphide changes — are the symptoms of ageing syndrome.
Hygienic assessment of exposure conditions and of accompanying workplace
factors, consderation of socia and living conditions, and dynamic hedlth
gatus follow-up are of utmost importance for the diagnosis of chronic
EMR effects.
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Occupational and residential health monitoring on people
exposed to electromagnetic fields in RF range. Clinical
observations of 12 patients exposed to EMF.

V.V. Posokhin. I. M. Suvorov.

Nord-West Research Center of Hygiene and Public Health, Ministry of
Health Russia, St.- Petersburg.

The trestment of changesin the state of hedlth of people that have been exposed to eectromagnetic
radiations of radio frequencies represents an exclusive complexity by virtue of a number of reasons,
and the basic ones are:

1. Impossihility to give alegible definition to measure pathologica influence of
eectromagnetic fidds on an organism.

Polymorphism of clinica developments.
Stage and undulating course of the disease

[llegibility in a number of cases of the hygienic characteritics of working
conditions, which impedes the andysi's and comparison of observations and
literary data.

Not incidentaly in this connection, there is no common opinion on the opportunity of treatment of
dinica developmentsincipient a activity of electromagnetic radiation, as"Radioundular illness™ or
“Illness of eectromagnetic saturation of an organism”. In Russathereis now an officid point of view
concerning the influence of dectromagnetic fields of ultrahigh-frequency on an organism of aman,
that has found reflection in the order "About the order of carrying out of pre-stress and periodic
medica examinations of the workers and medical rules of the tolerance to an occupation " (order
N9O, dated 1996). According to this order the diagnosis is stated as follows. diseases, connected
with action of radiation of aradio-frequency range of super high frequencies, with a syndroma
decoding:

1  Vegddivedystonia;

2  Aghenic syndrome;

3  Agheno-vegetative syndrome;
4 Subthaamic syndrome.

In this case we have to estimate the action of €ectromagnetic fields on an organism from aclinica
point of view as a syndrome. The above mentioned syndromes are unspecific and can be dso
observed for many other diseases without connection to the influence of eectromagnetic radition, as
defines the difficulty of this disease diagnogtics. It is particularly true for the cases of chronic low-
intensive action of eectromagnetic radiation. For the acute influence of eectromagnetic radiaion
there isamore or less gpparent connection between the fact of action and disease devel opment.
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In this report an attempt is made to show:

1 Thereisagmilarity in dinicd developments of acute and chronic influence of
eectromagnetic fields on a human organism.

2 There is an opportunity of excretion to some extent of specific syndrome-complex.

3 It is possible to reconsider an attitude toward formulation of the diagnosis with
an excretion not of the stages, but the variants of clinica current of the disease, connected
with an action of dectromagnetic fields, which is possibly connected with the requirements
of anirradiation (irradiation geometry, its duration, attitude of the body axis to the magnetic
and dectrical amounting).

In non-regular conditions of work, during the repair of radio equipment aman, 25 years old, was
exposed to super high-frequency radiation with power density exceeding 15 mwW/en¥ within 20
seconds. The bottom of the trunk up to the loin, left-hand laterd area of the trunk and the face were
exposed. Entering the clinic, the diagnosis was formulated as a disease connected with the action of
eectromagnetic fields of ultrahigh frequency with syndroma decoding:

1 Asthenoneurotic syndrome;

2 Syndrome of a vegetative dystonia with paroxysms of mainly sympathoadrenic type
and hyperventilation syndrome.

At the moment of exposure the patient fet warmth in the places of influence. During the next 8 hours
the subjective frustration of primary response were devel oped, such as. headache in occipital and
tempora aress, rotatory vertigo, nausea, blanket ddlicacy, the heightened swesting, feding "of
|abored respiration”, there was a single-pass vomiting after nutrition reception. After three days
decreasing of attention appeared, the patient became forgetful. There were two attacks of atype of:
with a compressive headache in temples and ngpe, and the fedling of "indentation of eyesin orbits’ as
abackground, the dert reaching the level of pavor gppeared. All that was accompanied by the
feding "of labored respiration”. The attack came to an end by a plentiful emiction.

Entering the clinic, on the fourth day the patient complained a: compressive headache in nape,
which began at 3 o'dlock a night and accompanied by the fedling of “indentation of eyesin orbits’,
rotatory vertigo incipient periodicdly, blanket ddicacy, irritability, decreasing of atention,
infringement of dream (difficulties of falling adeep, frequent night awvakenings), pain in interscapular
areaand loin while moving. During the clinic period there were three attacks of atype as described
above. The complaints basicaly were on blanket delicacy, irritability, defective memory, and feding
of "ar shortage’.

After the neurologica examination it was possible to point out the following basic syndroms: 1.
Agthenic development, such as decreasing of memory, absent-mindness, emotiond |ability; 2.
Weakly expressed vestibular syndrome 3. Syndrome of increasing of nervous - muscle excitabilities;
4. Weekly expressed syndrome of pyramid deficiency; 5. Syndrome of vegetative dystonia. The
clinogtatic test showed out the obvious clinogtatic deceleration indicating the infringement of
vegetaive providing. The body thermometry showed the change of thermoregulation biorhythm with
areduction of difference between the morning and evening temperature of abody up to 0.1 - 0.2
degrees. On the 28-th day the primary hypotonic reaction with rapid pulse (arterid pressurein
average 100 and 60 mm of mercury column, pulse 86-94 per minute) was replaced for hypertonic
and dow pulse (arterid pressure 150 and 90 mm, pulse 62-68 per minute). The change of a



coefficient Cerdo has shown the change of vegetative tone on the 24-th day from sympathic to
parasympathic.

The blood clinica andlysis has reveded the increase of absolute lymphocytoss and some
decrease of thrombocytes. On the 23-rd day coagulogramm has revealed the activation of the 1
phase hemocoagulation with rising trombinogenes's and conservation of thrombocytes function, the
absence of ingibition pathology. The leve of hormones of athyroid gland on the 17 day was within
limits of norm. The activity of blood cholinesterase icreased allittle. Thermovideografy
(thermodiagnogtics) done on the 9 day after dectromagnetic fidd influence has reveded
thermohyperfunction of athyroid gland, supraclavicular lymphatic clusters, attributes of infringement
of the peripheric circulation of the inferior extremities and spondylosis of the lower department of
the spine. The e ectroencepha ography done on the 23 day has shown moderate changes of
biodectric activity of abrain, showing diffuse changes of irritative character with a defeat of
mesodiencephaon sructures, with increasing of aleve of activation of areticular formation with a
background of high emaciation of cortex neurons, decreasing and ingtability of a blanket function
date of abrain.

The following group of clinical observations has been related to the 60-70-es years, with the
subsequent dynamic observation during more than 20 years. The first case as amatter of fact refers
to the so-cdled mixed action of superhigh-frequency radiation. At the begining there was an acute
defeet by a potent blanket irradiation, which caused a short-term loss of consciousness and
subsequent ataxia. In the future the patient continued to work in the circumstances of irradiation of
flux energy density 100 mW/cr? during 60 % of operating time. The second patient was exposed to
an irradiation about 4000 m\//cn. during 35-40 % of operating time within 7 years. The third case
Is connected with an irradiation by an dectromagnetic field of 5-7 kW in a pulse regime during 13
years. And, a last, the fourth patient for 4 hour every day during 10 years wasin the zone of action
of superhigh-frequency radiation with power density of 100-200 mA/cn'?.

For the best comparison the changes of a sate of health are grouped together aswdl asin the
first observation according to the systems. Changes of central nervous system were examined as the
astheno-vegetative syndrom in 3 cases, subthaamic syndrome - in 1 observation. Asfor the
cardiovascular system the basic developments were submitted by: 1. vegeto-vascular dystonia of a
hypotonic type with transformation during 2-3 yearsin a hypertonia-1 case. 2. changes of ECG
treated at the begining asamyocardid dystrophy later in 2 cases were shown as progressing
coronary deficiency with the outcome into an infarct of myocardium at the age of 40 and 45. 3. The
forming of ischemic heart disease of the high class per 39 years- 1 case.

Blood andyses: during 23 years the clinicd andyss of blood was carried out and was defined
transent, and in one case proof cytopenia of a different degree of expressvenessincreasng in time
or undulating. The leve of leucocytes of blood varied from 4.8 up to 2.1 on 10 in 9-that degree per
liter, the thrombocytes were in limits 156-150 on 10 in the 9-th degree per liter. The infringements of
alipide exchange were submitted by augmentation of aleve of acholesterin in blood dmost in 2
times during the first 3-4 years from the beginning of observations (from 3.9 till 8.84 mmole per
liter).

Taking into account the above stated, the plan of 2 stages medico-ecologica monitoring was
designed. The basic postions of this plan are the following. The firs sage isintended to excrete the
group of hazard. For this purpose the complex medica examination of minimum two groups will be
carried out. A basic group congsts of persons with suspicion on an opportunity of development of
this disease, connected with action of eectromagnetic fields and the second group - control. The
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examination includes questionnnare and clinico-laboratory examination intended on detection, from
our point of view, of specific syndrom-complex and comparison with the group of control.

Smultaneoudy with it the hygienic estimation of conditions of stay of these groups will be carried
out. The second stage is carried out in aclinic for detailed study of persons of the basic group with
suspicion on development of the disease, connected with action of dectromagnetic fields. The
purpose of this age isto carry out differentia diagnostics of detected changesin a date of hedth
and interpretation of them as a disease, connected with an action of eectromagnetic fields.

This plan of 2 stages medico-ecologica monitoring was tested during the investigation of a Sate
of hedlth of the population, living in conditions of ahigh level of dectromagnetic fidds. The basic
group lived in the zone, where the levd of dectromagnetic radiation ultrahigh-frequency was 12-263
mW/cn? and radiation level 150-170 MHz - 7-8 V/m, the control group lived in the conditions,
where the leve of superhigh-frequency radiation was 5.40 + 2.30 mW/ci?. The basic complaints
were on blanket ddicacy, prompt fatigability, decreasng of memory, sharp change of mood,
uneasiness. There was ardiably sgnificant difference in comparison with the control group. The
basic differences in structure of a detected pathology between these groups expressed in
predominance for the persons of the basic group of vegetative dystonia syndrome and astheno-
vegetative syndrome with rdiably significant difference. There was ardiable difference in quantity of
thrombocytes (in the basic group it was |ess). The eongation of bleeding time of the persons of the
basic group in comparison with the control one was observed. A leve of fibrinogenum and
prothrombin index was lower in the basic group. In the structure of illnesses of the persons of the
basic group acute resperatory-virus diseases, herpetic infection and alergosis considerably
predominated, that dlowed to presume a state secondary immunodeficiency of the examined basic
group. There was rdiably sgnificant augmentation of immunoglobulins M and G in blood of the
examined persons of the basic group in comparison with the control one. The sgnificant
augmentation of the leve of hormones of athyroid gland of the examined basic group in comparison
with the control one was fixed rdiablly.

Taking into account, that the basic syndrome was represented by the syndrome of a vegetative
dystonia, that iswhy for the individua analyss it was taken as the basic one. The combination of
syndromes of vegetative dystonia and thrombocytopeniasis significantly predominated in the basic
group. The syndrom of vegetative dystoniain a combination with thrombocytopenia and leukopenia,
and asvariants vegetative dystonia plus thrombocytopenia and attributes of coagulopathy or
syndrom of vegetative dystonia, the changes of blood and hyperplasa of thyroid gland were only of
the examined basic group.

Asareault of examinations of the first stage the group of hazard in 10 people was chosen, which
could have the development of the disease, connected with the action of eectromagnetic fields. The
carrying out of careful differentid diagnogticsin clinic conditions dlowed diagnosing the disease,
connected with the action of eectromagnetic fields ultrahigh frequency for 7 out of 10 patients. For
more visud comparison of al cases dl detected changes aso presented according to the systems.

* |n central nervous system the changes were represented by the following syndroms: 1.
Astheno-vegetative syndrom - 3 cases; 2. Asthenoneurotic syndrom - 2 cases; 3. Neurasthenic
syndrom - 1 case; 4. Hyperventilation syndrom - 6 cases.

* The changes of cardiovascular system in 4 cases were trested as a vegeto-vascular dystonia of
a hypertonic type.

* System of blood: in 4 cases the syndrome of thrombocytopeniaand in 2 cases atranstiond
thrombocytopenia were found out.
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* System of a hemostasis: the syndrom of coagul opathy was reveded in 7 cases.
* Changes of immune system corresponded the activations of autoimmune processesin dl cases.
* The hyperplasa of thyroid gland - 1 case.

Conclusion

Thus, the dlinical observations dlowed usto find out possible specific symptom-complex of the
disease, connected with the action of dectromagnetic fields.

The nervous and the cardiovascular system, system of blood and hemostasis, thyroid gland,
immune sysem areinvolved a this disease. The current of diseaseisin stages and undulating. The
degree of involving in pathologica process of introduced bodies and systemsiis various and
gpparently depends on conditions of irradiation, energy exposure and area of irradiation, genetic
determinacy of atype of organism reaction.

During an acuteirradiaion it is possible to choose the period of primary reaction, which differs by
adirection of changesin intimate - cardiovascular system and system of blood from the subsequent
period and from changes a chronic low-intensve influence. Probably during chronicd low-intensive
irradiation there are dso Smilar changes aswell as during the acute irradiation in the period of
primary reaction, but we shall skip them as these changes during the chronical action are not so
bright, and most people do not ask for medica carein this period.

We record changes in the state of hedlth during chronica action dready in the second phase of
disease. Probably, it dso explains an inconsstency of observations introduced in the written works.
Especidly frequently the conflicts are in the trestment of changes of blood system. In our point of
view it is connected with undulating changes, which are dtering as during any disease by the periods
of compensation and decompensation.

We congder irregular to regard the syndromes, viewed today in the officia definition of the
diagnoss, asthe stages of this disease: initid - vegetative dystonia, asthenic syndrome, moderately
expressed astheno-vegetative syndrome, expressed subthalamic syndrome. Probably, these
syndroms correspond to the clinica variant of current: mainly with a defeat of nervous system,
system of blood (hematologica variant) or mixed. This question requires further development. The
possble formulation of the diagnoss "Radioundular iliness’ or
"lliness of ectromagnetic saturation of an organism’:

| 1. Acute

1) Initid Phases;
2) Secondary phases.

2. Chronic:
1) Initid Phases,
2) Secondary phases.

[1.  Syndroma decoding:

1. Psychovegetative syndrome;

2. Syndrome of avascular dystonia;

3. Syndrome of lymphocytosis with subsequent cytopenia (trangitional or stationary
vaue);

4. Syndrome of consumption coagulopathy;



5. Syndrome of hyperplasiaof thyroid gland without disturbance or with
disturbance of function.

[1l. Clinicd form:

1. Cerebrd;

2. Cerebra - hematologicd;

3.Hematologicd.
V. Stage:

1. Decompensation;

2. Compensation.
V. Cause

1. Sationary;

2. Progressing;

3. Remittent.
And, a lagt, surveying one of the aspects of antropogeneous ecologica system, in which the man
and technica product, manufactured by him - the eectromagnetic fields — operate, it is possble to
date, that as aresult of unfavorable influence an dectromagnetic radiation the autoecology of the
man varies. This conclusion isreceived by the results of the carried out research work, which has
shown the changes of centrd nervous, cardiovascular and endocrine systems, system of blood and
hemostasis. Moreover it is possible to propose that the electromagnetic fields are potentialy capable
to be the factor of man-made sdlection weskly controlled today.

Asit was said above, the dectromagnetic radiation leads to infringements of vegetative nervous
sysem. Systems, which actively participates in adaptive reactions of an organiam. It is expected, that
people having initid deficiency of vegetative nervous system (condtitutiond or acquired), the
infringements under the influence of dectromagnetic fiedds will be more expressed. It is shown, that
thereis agenetic association of vegetative crisises with antigenes Cw6, B12, B35 of sysem HLA.
From our point of view this question mugt be investigated from interdisciplinary postions involving
geneticigs.



Health surveillance of RF/MW exposed personell —adequacy of
methods used and the need for protocol unification

Vlatka Brumen, MD, PhD
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RF/MW sources are nowadays widdy used in numerous aspects of modern life, making the
number of occupationdly and/or residentialy exposed subjects congtantly increasing. Under the
circumstances, it does not come as a surprise that health consequences of such exposures have
become one of the mgor concerns of not only scholar, but of the genera public aswel. Responding
to that, clarification of mechanisms underlying hedlth impact of RF/MW exposures have earned a
priority status in modern radioscience. However, few mgor obstacles exist before achieving results
beyond doubt. In addition to the well-known problems of extrgpolation from cdlular and/or animal
modds to humans, scarce and inadequately designed epidemiologicd studies, limitations of awhole-
body SAR concept etc., a question of adequacy and accuracy of hedlth check methods will be
pending as long as the patterns of RF/MW influence on human hedth are not completely
understood. A lack of an uniform, internationally accepted RF/MW hedth surveillance protocol
poses as amgor problem both in research work and in everyday practice, snce substantia
differences arise in the extend and methodology of health checks performed by different researchers
and/or practitioners, making their results very difficult, sometimes even impossible to compare.

Theam of this paper isto present our design of a hedlth survey of RF/MW occupationaly
exposed personnd in order to initiate the discussion on accuracy and adequacy of methods included
and, above dl, to urge the need for unification of RF/MW health check protocol on the internationd
leve.

The hedlth survey protocol, presented in the following text, was designed within the framework of
the ongoing Croatian prospective epidemiologica study on hedth impact of long-term RF/MW
occupationa exposure. This study is additionaly supported by the Concerted Action PL973038
from the European Commisson INCO-COPERNICUS Program in Brussels, Belgium.

The survey isaimed at two mgor gods. Thefirst oneisidentica to the god of any hedth check
performed by a physcian: to gain the ingght into the generd status of the examinees. The second,
more specific god, was to sort out the examinees whose findings cdl for further medicd attention,
both in terms of more frequent checking of their hedlth status and in terms of more pecidised
diagnogtics to be applied.

The survey includes the following items:

1. sandard haematology (whole blood count, differential white blood count; data on the latter
used not only as ahaematologica parameter, but aso as a piece of information substantia for
the correct interpretation of cytogenetic tests performed vialymphocyte cdll cultures;
coagul ogram)



2. sandard biochemistry (glucose blood level, glucose tolerance test, lipoproteins, cholesterol,
triglycerides, iron, UIBC, TIBC, haptoglobin, hepatic enzymes);

3. edimation of potassium’, calcium® and sodium® blood levels;

. esimation of catecholamines blood leveds a wdl a of the excretion of
vanillylmandelic acid in urine;

edimation of serotonin and melatonin blood levels;
gandard immunology ( blood levels of immunoglobulin A, M and G);

cadiovacular examinationss standard clinical examination, ECG, 24-hours Holter
monitoring, BP, periphera blood flow status (videfield nail-bed capillaroscopy on both
hands);

lung function testing (FVC, FEV;), standard chest radiography;

ophtamologicd examinations (vision, fundus, orthoscopy, applanation tonometry,
nictometry);

10. examination of audition abilities (tonal audiometry), equipose tests;

11. EEG;

12. psychologicd testing;

13. cytogenetic testing (conventional structural chromosomal aberration analysis).

Out of the methods listed, technique used for the estimation of morphologica and functiond status
of periphera blood flow will be further discussed.

Results of other authors (1,2), as well asthose of own research (3,4,5), suggest that the pattern
and the extend of radiolesions of target tissue depends, among other, upon the perfusion of atarget
area. A condderable portion of radiation damage is caused not only by changesin hemogtasis and
neurohumora regulation of blood flow, but also by the primary lesions of the blood vessd wall, in
particular of the endothdlia cells

Capillary system offers the fastest visualy accessible response to radiation. The early sign of the
exposure is vasodilatation, macroscopicdly presented as erythema. It isalogicd pattern of "sdlf-
defence’ of an irradiated tissue, aimed at cooling the target area. The skin reaction to irradiation can
actudly be described as the inflammeatory one, presented by the essentia characteristics on any
inflammatory process: rubor, calor, dolor, tumor and functio laesa. Therefore, soon after
irradiation, oedema of endothdid cells can be noted. The further process of hydroscopic
degeneration of endothel ocytes can ultimately lead to the complete lumina obturation. In an attempt
to restore the damage, reactive proliferation of the endothelid cdlsisinitiated.

In generd, endothdid cdl cycle has adow turnover, lasting from 2 months  up to 2 years. It
appears, however, that there are endothelid cdl subpopulations with much shorter cdl cycle, i.e.
with amuch higher proliferation index, which makes endothelium unequally radiosengtive (6).
Thermd sengtivity of proliferating endothelid cdllsis consderably higher than these of the resting
ones, which can accelerate and intensify cytociddl radiation impact (7).

A condderable part of radiation damage to the endothelid cdllsis aso atributed to the changes of
cytomembrane, the latter being capable of causing even cell death. Necrotic eements are diminated
by desquamation, resulting in the formation of wide intergpaces in the endothdlid layer aswel asin
the denudation of abasd layer. Subsequently, capillary vessel wal becomes considerably more



permegble than regularly, alowing for plasmatic and sometimes even corpuscular leskage into the
intergtitium.

At this point, capillaroscopy is the only non-invasive technique enabling direct monitoring of
capillary vessels a the accessible locdisations, nalfold being thereby used most frequently. Dispite
limitations in the scope of the technique, its mgor advantage isthet it alows for the detection of initia
changes of the smdl blood vessdls, preceding any clinical expresson.

An ordinary capillaroscopic image revedls hairpin-like capillary loops, each conssting of an
ascendant, apica and descendent portion, and lying in the nail-bed in the plane form. This planeis
amos coinciding with an optica plane of a stereomicroscope, which makes the nail-bed a
preferable locus for capillaroscopic examination. Within the sandard performance, dso oblique
callecting veinsand subpapillary venous plexus are clearly vishble.

Capillaroscopic changes noted in the postirradiation period, follow the above described pattern of
eventstypica for microvascular radiolesion. Therefore, the first change of the capillary shape to be
seen in the postexposure period is vasodilatation. In the advanced stage, zones of stenoses of
capillary lumen are to be expected. Due to the increased permeability of a capillary vessd wall,
plasmatic and corpuscular extravasations can be visudised. Degeneration of an endothelial
cytomembrane could account for the presence of fragile capillary structures, visudised as
capillarorexies and consequent microhematomeas. In the termina stage, target area becomes
avascular and fibrotic, an image described sometimes asa"Moon surface’.

According to our own experience (5), capillaroscopy is amethod of high sengtivity (95%,
respectively), of satisfactory, but less specificity (80%, respectively) and of high positive prediction
(86%). However, its scope is limited to an acceptable screening test, Snce agents other than
radiation could provoke similar pattern of reaction of asmall blood vessals. Nevertheless, such a
diagnogtics dlows for the detection of initial changes of peripherd blood vessals making thissmple,
easy-to-perform method of inestimable vaue in the preventive medicine.
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Long-term exposure in radiofrequency (RF) and microwave (MW) fidds can influence function of
the immune system, but the available data on the immunotropic potency of RE/MW radiation are il
full of uncertainties and controversies.

Depending on conditions of expasure, frequency and modulation of the radiation, aswell ason
anima species usad in the experiments, various symptoms of either simulation or inhibition of certain
immune reactions have been reported. E.g. Guy et d. (1985) in the life-time exposure of ratsto
MWs (pulsed 2450 MHz, SAR 0.15-0.4 W/kg) found lowered response of blood lymphocytes to
mitogens (phytohaemagglutinin — PHA), while Smidowicz (1984) after exposure a the same wave
frequency, dthough at higher power intengities (SAR 1 —5 W/kg) reported increased mitogenic
response of lymphocytes. In more recent experiments, Veyret et d. (1991) found enhancement or
lowering of humora immune response in mice exposed to 9.4 GHz at SAR 0.015 W/Kg, depending
on the carrier wave modulation.

Epidemiologicd investigations of workers exposed to RF/MW radiation did not confirm existence
of ameasurable shift in the immune status of the investigated popul ations, despite numerous reports
on fragmentaric and/or poorly documented abnormditiesin Sngle immune parameters which were
found in smal groups of RF/MW-exposed workers (e.g. changed number of blood lymphocytes,
lowered levels of serum immunoglobulins, wesker response of blood lymphocytes to mitogens).

It has been stressed that in the available literature there exist no reports on complex assessment of
function and responsiveness of the immune system, dl investigations were aimed to eva uate sdected,
fragmentaric reaction of the system and/or functiond response of immunocompetent cellsin
RF/MW-exposed subjects. Therefore, at the present state of knowledgeit is not possible to
conclude about the possible immunotropic potencies of RF/MW radiation, as assessment of the
Immunotropic potency requires agenera insght into the whole complex immune network, taking into
advance the immune status of the host prior to the exposure. Modern concepts of human immunity
are based on the well established model of the organism which acts as the geneticaly determined
system, supervised and controlled by the neuro-endocrine-immune network. The three systems
(neurd, endocrine and immune), with their homeostatic regulators (neurotransmitters, neuropeptides,
hormones, growth factors, cytokines, lymphokines, angiokines and antibodies) form a self-regul atory
modd, which uses ajoint set of modifying factors (BRM — biologicd response modifiers) for their
proper function and regulation [Besedovsky et a.(1977), Hadden (1987), Deschauxs et a. (1995)].
The above neuro-endocrine-immune network with its BRM-based mode of sdf-regulation opensa
new ingght into the possible immunotropic potencies of RF/MW radiation. Except of direct influence
of the radiaion on components of the immune system (e.g. on immunocompetent cdls, release of
cytokines or monokines by these cells, cell-mediated or humora reactions), thereexissaso a
possbility of indirect influence on the immune system by RF/MW-induced modifications of functions
of the neural and/or endocrine systems. Such possibility should be considered in case of existing data
on influence of long-term exposures in relaively weak RF/MW fields on certain brain functions,



including abnormadlities in EEG records, behavioura effects and/or dysregulation of autonomous
neurd control of internal organs.

Table I. MICROWAVE RADIATION and the IMMUNE SYSTEM.

Authors Effects Exposure conditions Clinical
relevance
Chou, Guy et Slightly lowered mitogenic Life-time exposure of
d.,1985 response of lymphocytesto rats, 2450 MHz, pulsed, »
mitogens (PHA) in vitro SAR0.15-0.4Wi/kg

Smidowicz, 1984 Increased mitogenic responseof  rats, 2450 MHz, continous

lymphocytes to mitogens (PHA)  and pulsed ”
invitro SAR1-5Wi/kg

Veyreteta., 1991 Enhancement or lowering of mice, 9400 MHz, SAR
humoral response (antobody 0.015W/kg ”

levels), depending on modu-lation
of carrier wave

Stankiewicz et d., Different responseof human human lymphocytes, 1320
2000 lymphocytes to exposuresin vitro  MHz, continous and

, depending on pulse modulation  pulsed (5 msec), 10 W/nf) 22

of the wave SAR 1 W/kg
Severa Reports on fragmentaric and/or Laboratory examina-tions  No evi-
publications poorly documented abnormalities  of relatively small groups  dence for
(1965 — 1995) in single para-meters of the of workers exposed to exis-tence
fromthe Soviet  immune system: RF/MW radiation, of shiftsin
Unionand East  shiftsin blood picture; frequently without immune
European lowered serum Ig levels; comparison with valid status of
countries weaker response of lym-phocytes control groups exposed

to mitogens in microcultures. workers

Efficiency of the immune system, expressed as the immune status, is crucid for development,
growth and surviva of the organism, including its procreetive potency, antiinfective and antineoplagtic
resistance, supervison of the metabolism, geneticaly-determined quality of tissues, as well on proper
course of regeneraive processes. Numerous factors which can modify efficiency of the immune
system (enhance or lower), including factors which are able to correct the deficient immune
functions, are now recognized as immunotropic factors. Various immunotropic factors with
suppressing, simulating and/or correcting potencies, including pharmacologica substances,
hormones, antibiotics, stressors and radiations are a subject of extensive experimenta and clinica
investigations.

All immunocompetent cdlls originate from haemaopoietic sem-cdlls, dthough development and
differentiation of sngle types of immunocytes run on various pathways. Mogt of the effector cdls (B
lymphocytes, NK cdlls, K cdls, monocytes, macrophages) differentiate in bone marrow and reach
full maturity in confrontation with antigenic stimuli in periphera lymphoida organs (lymph-nodes,
spleen, Peyer nodules) under influence of numerous cytokines, hormones and growth factors. In
contrary to the above effector cells, maturity of the multipotential immunoregul atory-effector
population of T lymphocytes depends on microenvironmenta and hormond influences of the thymus.
Insde of the thymus, in confrontation with awide exposure to histocompatibility | and Il class
antigens and in cooperation with numerous thymic hormones and cytokines, undergoes maturation



and sdlection of T lymphocytes. Findly, the immune system receives cells which are able both to
recogni ze tissue sgnds and to initiate and regulate the proper immune response. The thymusis most
activein the early phases of life of the organism, including its foeta and neonatal development, when
the immune system is equiped with a population of multipotent T lymphocytes. However, during the
whole life, despite of progressve involution of the thymus, this orgen gill has an ability for temporary
enhancement of its hormona and/or lymphopoietic activity, even at the advanced age, depending on
requirements [Bertho et d. (1997)]. Such enhancement of activity of the thymus alows for
quantitative and qualitative modification of the population of T lymphocytes and gppearsto be an
important immunotropic factor, resulting in higher efficacy of the whole immune system [Tridente
(1985), Clarke et al. (1986),Dabrowski et al. (1990)].

In the available literature there exist no vdid informations about the possible influence of RFFMW
exposures on function of the thymus and on maturation or seection of T-lymphocytesin this gland. It
would be important to know whether or not RF/MW radiation can change the above mentioned
ability of the thymus for temporary enhancement of its hormona and/or lymphopoietic activity in
meature organisms and influence the resulting immunotropic effect.

Table I1. Main functions and responsibilities of the immune system for homeostasis of the
organism.

Type of the Immune cellsand IMMUNOTROPIC
immune Function of theimmune transmitters factors
response system engaged

_____________ Anti-infective, anti-

\ IMMUNE! neoplastic RESISTANCE
\ COMPETENCE
\ i
N\ i PROCREATIVE potency phagocytic cells macrophage
A : antigen-presen-ting activators
\ i cells (APC)
\ : Supervision of activators of
\\ : METABOLISM TCD4 lymphopoiesis and
o effector cells lymphocyte
N monokines functions
IMMUNO- Proper course of lymphokines _
GEN\Ql TY REGENERATIVE thymic extracts
A PROCESSES

Supervision of
genetically-determined
QUALITY OF TISSUES

The most important phase in the process of maturation of T lymphocytes appears to be
rearrangement and transcription of genes (in the 14™ and 7" human chromosome) which
programmate structure of the glycoproteic heterodimer antigenic receptor TCR [Boehmer (1996)].
The receptor complex TCR/CDS, together with the co-recognizing molecules CD4 and CD8, dlows
to reach the complex ability of T lymphocytes to recognize clona antigenic specifity with own
antigenic hisocompatibility HLA dass| (lymphocytes CD8) and class |1 (CD4). Such receptor



complexes dlow to differentiate the population of T lymphocytes into inductive-cooperative TCD4
and effector (cytotoxic and suppressive) TCD8 cdls. In thisorder T lymphocytes participate in the

Seguence of immune response.

competence

mmunologic

<B>‘ Immunoregulation TCcD4
Lymphokines

EFFECTOR INDUCTION

Response RECOGNITION of response

Ig receptors, TCR

Presentation

ANy antigens

YTOSIS

Monocytes, Macrophages|
Dendritic cells

mmunogenicity\/ of tissues

Figure 1

Schematic organisation of the human immune system.
Note matching and cooperation of the two sites of immunity —
immunogenicity of tissues and immunologic competence.

Antigen-presenting cdlls (APC) (monocytes, macrophages, dendritic cells) viaexpression of HLA |1
class antigens (sometimes modified by conventional antigens) stimulate for the response the
respective TCD4 cell. Depending on its functional fenotype, the inductive-cooperative TCD4
lymphocytes recruit into the chain of immune reaction suitable immunocytes, which determine the
type of the response. In generd, the lymphokine prophile of Thl lymphocytes (IL-2, IFN-gamma,
TNF-beta, IL-3, GM-CSF, TNF-dfa) stimulates cdllular, suppressive and cytotoxic mechanisms of
the immune response (e.g. TCD8 cdlls, NK cdls), while humora response of B lymphocytesis
stimulated by Th2 lymphocytes (IL-4, IL-5, IL-6, IL-9, IL-10, IL-13) [Mosman and Sad (1996)].
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The effector phase of cdll-mediated immune response (TCD8 lymphocytes) is triggered by
specific antigenic simulus, presented in couple with hisocompatibility antigensclass| (HLA-A,

B, -C). These antigens are a stable dement of expression of most of the tissues of the organism.
However, development of the effector phase depends on the preceeding inductive phase, which is
initiated in specific conditions of tissue injury by presentation of HLA class |l antigensby APC to
TCDA4 cdls. Therefore, a the norma immune status there exist no possibility for improperly
addressed and/or uncontrolled by TCD4 lymphocytes deviopment of autoaggressive or dlergic cell-
mediated or humora reactions [Dagleish (1986), Dabrowski et d. (1990)].

The above presented multi-step organization model of the immune system is afenotypic
expression of the genetic programm of immunity, which is composed of two complementary parts—
the first is respongible for immunogenicity, while the second for recognition and reaction to
immunogenic signas. Genes which are responsible for immune response are locdlized in the 6™
chromosome (mgjor histocompatibility complex — MHC) and programmate HLA class| and |1
antigens. Genes which programmate structures of antigenic receptors of T lymphocytes are locdlized
in the 14™ (dpha chain) and 7™ (beta and gamma chains) chromosomes. Additionally, genes
responsible for immunoglobulins are locdized in the 14™ (heavy chains), 2™ (light kappa chains) and
22" (light lambda chains)) chromosomes. Any factors which cause injury of these chromosomes
would result in deficient immunogenicity and/or immune competence and in turn, lower consderably
the immune gatus of the organism.

The above described organization and structure of the immune system, with its divison into
immunogenicity and immune competence and differentiation of the competence from the supervising
level of immunoregulatory inductive-cooperative TCD4 lymphocytes, down to avariety of effector
cdls (TCD8 lymphocytes, B lymphocytes, NK and K cells, monocytes, macrophages, granulocytes,
mest cdls) dlows for locdization of abnormdities and/or deficiencies in the system and for
assessment of the role of these anomalies for proper function of the whole system and for its
efficiency. It isworth to remember that dl changes (both positive and negative) which will influence
the high leves of the pyramid of immune competence (e.g. function of TCD4 cdls) would in turn
cause secondary effects a lower levels of the competence (e.g. in TCD8 or NK cdlls). Therefore,
the higher would be locdized the target for possible interaction with RF/MW radiation, the more
pronounced would be different anomdies and deficiences in the whole immune system. On the other
Sde, direct interactions at the peripheric effector eements of the immune competence would have
much weeker consequences for the efficieny of the whole immune system. Additiondly, it isworth to
remember that functiond efficieny of the immune syssem isnot only limited to anti-infective and anti-
neoplastic resstance, based on cdll-mediated and humora reactions. Of equal importance in immune
response gppear to be providing proper tolerance for autologic tissues and neutral externa
dructures, as well as supporting with a variety of cytokines, hormones and growth factors the
process of tissue repair and regeneration [Georgiev and Albright (1996), Dabrowski (1998),
Schwartz and Cohem (2000)] .

Assessment of the immunotropic potency of RF/MW radiation has to be based on the above
presented modern concepts of organization and structure of the immune system and dlow for vaid
determination of the immune status of the exposed hogt. It has to be taken into advance that both
gimulation and inhibition of certain immune reactions can be evoked in RF/MW-exposed subjects
and that the find effect may strongly depend on the efficiency of immunity before the exposures.
Therefore, it islogicd to predict large individud differences (at least in human studies) in response to
long-term RF/MW exposures with single subjects who may respond with considerably more
pronounced (either pogtive or negative) shift in efficiency of the immune system that an average vdue
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for the whole group. Thus, except of andyzing mean vaues for the whole investigated groups, it is
adviced to search for ,,exceptiona responders’ and count the frequency of such responders.

It is proposed to apply two ranges for assessment of the immunotropic potency of RF/MW
radiation in investigations of exposed workers—basic (or screening) evduation of immune status,
followed by specidistic immunodiagnostic methods used only in selected subjects.

Badic evaduation of immune status should be based, except of generd medical examination and
routine |laboratory tests, on:

1. Quedionnairing (or interview) which includes frequency of infections and use of antibiotics,
occurance of dlergic symptoms, anaemias, tissue distrophias, autoaggressive diseases,
neopladtic diseases and other deficiences of the immune system;

Blood picture with differentid count of leukocytes,

Serum levels of immunoglobulins (IgA, 109G, IgM, IgE);

Deayed hypersengtivity to various antigensin skin tests;

Quantitative andyss of subpopulations of peripherd blood mononuclear cdls (PBMC),
including T lymphocytes (TCD4 and TCD8), monocytes (CD14), B-lymphocytes (CD19)
and NK célls (CD56).

o s~ DN

Specidigtic immunodiagnostic methods which dlow to diagnose type of immune abnormdities and

locdlize the abnormdities on the scheme of organization and structure of the immune system, should

be used only in subjects select from the set of basic evauation of immune atus. These methods

include:

1. Neurologic, endocrine, ophtamologic*, oto-rhinolaryngologicx and haematologic (including
bone marrow biopsy) examinations and |aboratory tests;

2. Microculture of periphera blood mononuclear cdlls (PBMC) with determination of:

3. Spontaneous transformation of lymphocytesin 72-hr culture;

4. Mitogenic response of lymphocytes to phytohaemagglutinin (PHA), concanavain A (Con-A)
and pokeweed mitogen (PWM) or lipopolysaccharide (LPS);

5. Con-A-induced suppressor activity of T lymphocytes (SAT);

6. Lymphocyte-monocyte cooperative index (LM);Saturation of interleukin-2 (1L-2) receptors on
T lymphocytes,

7. Activity of monokines (IL-1, IL-1ra) and selected lymphokines (eg. IL-2, IFN, IL-6, IL-8, IL-
10) in culture supernatants;

8. How cytometry of periphera blood mononucdlear cdls (PBMC) with detalled fenotypic
characterization of immucompetent cdlls;

9. Andyssof cdl cyde of simulated lymphocytesin culture (optiond);

10. Immunogenetic investigations (optiond).

* Optalmologic and oto-rhilaryngologic examinationations are proposed, because certain dystrophic
changes and chronic inflammatory states of the organs of vision and hearing (e.g. chronic
conjunctivitis, recurrent keratosis, dystrophia of the optic nerve, some forms of hypacusis, tinnitus,
Menier's syndrome) may result from functional abnormalities of the immune system.



Table I11. Assessment of immune status in workers exposed to el ectromagnetic fields.

Range of assessment  Methods proposed
QUESTIONNAIRING (INTERVIEW) directed to:
frequency of infections;
use of antibiotics;
occurance of allergic symptoms;
anaemias,
tissue dystrophias;
autoaggresive diseases;

BASIC neoplastic diseases;

EVALUATION OF other deficiences of the immune system.
IMMUNE

SYSTEM BLOOD PICTURE with DIFFERENTIAL COUNT

SERUM LEVELS OF IMMUNOGLOBULINS
DELAYED HYPERSENSITIVITY IN SKIN TESTS

QUANTITATIVE ANALY SIS OF SUBPOPULATIONS OF
PBMC (TCD4, TCD8, CD14, CD19 and CD56).

Neurologic, endocrine, ophtalmologic and haematologic
(with bone marrow biopsy) EXAMINATION and
LABORATORY TESTS

MICROCUL TURE OF PBMC with determination of:
spontaneous transformation of lymphocytes;
mitogenic response of lymphocytesto PHA, Con-A

and PWM
SPECIALISTIC . Con-A-induced suppressor activity of T cells (SAT);
IMMUNO- . Iymph(_)cytemonocyte cooperation (LM)
. saturation of IL-2 receptorson T cells
DIAGNOSTIC activity of monokines (IL-1, IL-1ra) and selected ILs
METHODS in culture supernatants

FLOW CYTOMETRY OF PBMC with detailed
fenotypic characterization of immunocomptent cells

ANALYSISOF CELL CYCLE of stimulated
lymphocytes (optional)

IMMUNOGENETIC INVESTIGATIONS (optiona)
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Magnetic Field Exposure of Train Engineers

Yuri Kopytenko, St. Petersburg

Abstract

This study represents one specific objective of the project "Improvement of methods of exposure
assessment for MF from dectric traction with regard to coronary heart diseases' in the frame of the
European INCO-Copernicus Program.

Magnetic fidds (MF) on eectrified transport systems are generaly lower than internationa limits.
However, recent epidemiological studies showed that MF from AC and DC powered transport may
be associated with possible hedth hazards (Bdli-Artunes et ., 1990; Floderus et d., 1994;
Alfredsson et al., 1996; Ptitsyna et d., 1996; Pfluger et ., 1999; Pfluger et d.).

Epidemiologica dataon DC powered trains in Russa showed a 2-fold increase in the risk of
coronary heart diseases (CHD) in the job category of engineersin eectric locomotives (EL), as
compared to driversin eectric motor unit trains (EMU). In line with results on Russan engineers,
increased risk of myocardid infarction was found among Swiss raillway occupations, moreover,
engineers of Swiss EL show atendency of high mortaity at early ages (Pfluger et d., 1999; Pfluger
et d).

Biologicd and epidemiologica studies evidence that frequency and intengty "windows' MF,
Interaction with DC-fields and other MF aspects can be important for exposure assessment.
(Morgan and Nair, 1992; Vaberg, 1995). However there were lack of adequate measurement
information and adequate practica methods to describe exposure aspects other than TWA (time
weighted average). We developed a set of improved methods, agorithms and software to quantify
the following aspects of complex-spectra''red world' MF: variability in different frequency ranges,
including DC fidds, amplitude-frequency dependence, polarization and intermittency. Necessary
measurement information that alows adequate characterization of the above mentioned exposure
aspects was received by using a computer-based waveform capture system (sampling rate up to 200
Hz).

We performed measurements in workplaces of engineers on Swiss AC (16.67 Hz) and Russian
DC dectrica trains. MF in DC and AC trains shows complex combination of static and varying
components. We did detailed analysis and comparison of MF spectrd characteristicsin DC and AC
trainsin 0-50 Hz range. Exposure comparison show some consistency of the power spectraamong
MF measured in Swiss and Russian trains in the range 7-15 Hz. Polarization structure of measured
MF was defined and quantified. It was dso found that intermittency in the scale of units of secondsis
acharacteridic feature of dl kind of trains.
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Do MF fields influence on locomotive engine drivers?

I. Nikeshina, V. Mikhailov, G. Sokolov, N. Ptitsyna, A. Vishnevskiy, E. Lyskov, M.
Chernyshov

I nstitute of Human Brain, Russian Academy of Sciences, Paviov 12,
St. Petersburg Russia, SPbFIZMIRAN, St. Petersburg 191023, Russia,
Krylov's Central Shipbuilding Institute

An increased rate of coronary heart diseases was recently found among Russian engine drivers of
electric locomotives (EL). Presumption that this adverse effect might be associated with elevated
magnetic field exposure was a starting point of the internationa project IMMORTALITY. The
generd gods of the project included monitoring of DC-ELF MF in different types of possible
biologica responses to specific exposure conditions. The aim of the present study was to investigate
possible deviations in basic physiologica markers (e.g. heart rate, heart rate variability, blood
pressure, EEG, performance of cognitive task) in conditions of whole-body, 30 minutes exposure to
combined DC and 12 Hz magnetic fields, emulated EL environment.

Fifteen hedlthy volunteers participated in experiments. Subjects were informed of project ams and
experimenta procedure. Each participant was exposed to both real and sham exposures and served
as his own control. Consequence of sham and real exposures was randomized, and interva between
them was not shorter than 48 hours to exclude possible cumulative effects. Sessons began at 11.00
or 13.30. Experiments took place in the whole-body exposure facility conssted of a system of
orthogond coils with size 3.90x2.25x2.25 m. Signd generators and power amplifiers provided the
generaion of DC and AC components dong fixed orthogond directions. The following exposure
wasconddered as"EL” — 12 Hz: 3; 25, 2mT inZ; Y and X axesrespectively. DC: linearly
polarized (Y -axes) with flux dengty regularly varied from 40 nT to 20 miI' with the intermittance
steps 30 N lasting 90 sec each. Non-energized coils provided sham exposure. Natural non-
homogeneity of the earth field did not exceed of 1.5 nT and homogeneity of the generated field did
not exceed 10%. Performance of Memory and Attention tasks, blood pressure measurements, heart
rate and eight channels EEG records were obtained before, during and after exposures. Dynamic of
systalic and diastolic pressure, mean values of heart rate and heart rate variability spectrum, spectral
power of apha, beta, theta, delta bands of EEG, and error rate and reaction time in cognitive
performance have been calculated.

Smal but significant differences between responses to real and sham exposure was observed in
mean values of heart rate during exposure (67.5 vs. 69.7 bpm). This transient effect disappeared
after exposure. There were no other exposure-related differencesin observed psychophysiologica
parameters. Data do not conflict with main project hypothesis. However, mor pronounced CNS and
ANS " gress’ responses would be expected, in context of possible links between MF exposure and
chronic cardiovascular disorders.

Thiswork was supported by European Commission (contract N ERBIC15-CT96-0303).



Chromosomal aberrations in peripheral lymphocytes of train
engine drivers

Kjell Hansson Mild, Monica Sandstrom, and Ingrid Nordenson
National I nstitute for Working Life, Umea, Sweden

Cytogenetic survellance of groups of individudsisjudtified if they are exposed to potentia
carcinogens and/or mutagensin their work environment. An increased level of chromosomal
aberrations has been suggested to predict elevated cancer risk. Studies on Swedish railway
employees have indicated that train engine drivers have an increased cancer morbidity and chronic
lymphetic leukemia The drivers are exposed to relatively high magnetic fields, ranging from afew to
over ahundred U T, mean vaues for the working hours being in the range 2-15 pT. In vitro
experiments have suggested that MF exposure may cause chromosoma aberrations. To seeif MF
exposure has a genotoxic effect, we performed a pilot study on 18 nonsmoking male engine drivers.
The results showed a sgnificant difference in the number of cells with chromosoma aberrations
between the drivers and two control groups, one consisting of dispatchers and the other of office
workers. The study has now been expanded to other groups of 30 engine drivers and 30 referents
(policemen). We report here results from both the pilot study and the follow-up study.

Methods. The loca occupationad health units collected blood samples by venipuncture
immediately after the work shift. From each sample, two lymphocyte cultures were established within
24 hours. In the pilot study, al dides were andyzed in Umes, Sweden.

In the follow-up study, alaboratory in Helsinki, Finland scored haf of the dides from each subject,
while the other half was anadlyzed in Umea.

Results

In the pilot study, the mean rate of cdlls with aberrations (gaps included or excluded) was higher
among the engine drivers compared with the reference groups. The difference was satigticaly
ggnificant in comparison with the office workers, the engine drivers having about four times as many
cellswith chromatid breaks (p<0.01) and cells with chromosome breaks as both control groups
(p<0.05). Of the 18 engine drivers, 14 (78%) showed at |east one cell per hundred with chromo-
some-type aberration compared with two of seven (29%) among he dispatchers and five of Sxteen
(31%) among the office workers. In the follow-up study, the engine drivers had more cellswith
chromatid breaks, and chromosome-type breaks and exchanges than the policemen did, but the
differences were datisticaly significant only for chromosome exchanges (p < 0.05). Eighteen engine
drivers (60%) had two or more cdls with chromosome-type aberrations among the andyzed cdls
compared with nine (30%) of the policemen; the corresponding numbers of subjects with three or
more cells with chromosome-type aberrations were 10 and 4, respectively.
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Discussion

Both studies showed a significant increase in the number of cells with chromosome aberrations
among the engine drivers in comparison with respective reference groups. The pilot study was based
on afew individuds and only seven concurrent non-exposed controls (dispatchers), which made the
interpretations uncertain. The result of the second study, however, supports the hypothesis that
exposure to EMF a mean intendties of 2-15 uT may induce chromosoma damage.
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