Ple-2 CELL ELECTROMANIPULATION IN VITRO AND IN VIVO: BIOMEDICAL
APPLICATIONS

Lluis M. Mir, D.Sc.
UMR 8121 CNRS - Institut Gustave-Roussy, 39 Rue C. Desmoulins, F-94805 VILLEJUIF Cédex —
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New biomedical applications of the electric pulses are emerging and reaching the clinical
stage. They arise from the knowledge of the effects of the electric field at the level of the cell
membranes, knowledge that allows cell electromanipulation both in vitro and in vivo, in animals and
even in humans.

The purpose of this lecture will be to give an overview of the biomedical and biotechnological
applications based on the electromanipulation of the cell membrane, namely electropermeabilization
and electroendocytosis. In the case of the membranes electropermeabilization, either the external or
the internal membranes of the cell can be affected, depending on the intensity of the electric field and
the duration of the pulses. Electroendocytosis can also be obtained with pulsed electromagnetic fields
like those constituting the GSM mobile phone signals.

The biomedical applications develop mainly in two different areas, cancer treatment and gene
therapy. The type of pulses necessary for these applications are very different, as well as the concerns
of the electric pulses delivery. In the case of the gene transfer mediated by the electric pulses, safety is
a very important issue and thus cell viability preservation is mandatory.

In the case of the anticancer treatments, several options are being developed: cell membrane
reversible electropermeabilisation combined with non-permeant drugs (electrochemotherapy), cell
membrane irreversible electropermeabilisation, and internal membranes electropermeabilisation. The
mechanisms of action of these three approaches will be discussed.

Electrochemotherapy is already used in the clinics as accepted treatment of the cutaneous and
subcutaneous metastasis of any origin, with excellent results. The treatment is simple, safe, efficient,
and with a good cost/benefit ratio. It can be delivered when classical treatments fail, it can be repeated,
and it has good cosmetics effects.

Recent data on electrochemotherapy will be presented, as well as the mechanisms of gene
electrotransfer, which is a new and efficient non viral gene therapy approach that is rapidly developing
nowadays.

Keywords: electrochemotherapy, DNA electrotransfer, gene electrotransfer, electroendocytosis,
electroporation, electropermeabilisation, electropermeabilization.



Tut-2 EPIDEMIOLOGICAL STUDY DESIGNS AND THEIR APPLICATION
IN THE FIELD OF MOBILE PHONE USE AND THE RISK OF BRAIN TUMORS

Joachim Schiiz, Institute of Cancer Epidemiology, Danish Cancer Society, Copenhagen, Denmark

The widespread use of mobile phones throughout the world has raised concern about possible
adverse health effects. In a number of epidemiological studies, the possible association between
mobile phone use and the risk of brain tumors was investigated.

Registry-based studies are observational studies in which time trends or geographical
distributions of brain tumor incidence or mortality rates are calculated in order to examine
whether this correlates with the distribution of the mobile phone usage patterns. Such ecological
studies are based on aggregated exposure information and are regarded as hypothesis generating.
Most studies in this research field were case-control studies. In case-control studies a group of
brain tumor patients and a suitable group of subjects without a brain tumor are selected and their
past use of mobile phones is obtained and compared. The first case-control studies on this topic
were conducted in the 1990s, but the time between first exposure and the diagnosis of the tumor
was rather short. Taken together, these studies showed no association between mobile phone use
and brain tumor risk. A series of case-control studies from Sweden showed strong associations
between mobile phone use and brain tumor risk, both for benign and malignant tumors and
already after non-extensive cumulative use. The Interphone study is a multinational case-control
study conducted according a joint study protocol in 13 countries. Results are already available
from some of the countries. Overall, no increased risks for brain tumors were seen, but a small to
moderate risk increase in long-term users cannot be ruled out.

In cohort studies, the study population is divided into different exposure groups by amount of
mobile phone use, and the cohort is followed up for brain tumor incidence. The only cohort study
on this topic is a retrospective cohort study in Denmark, based on mobile phone subscribers
between 1982 and 1995. A recent follow up showed no overall increased brain tumor risk, but the
study gives no information by amount of use.

A major challenge of the case-control studies is the exposure assessment through questionnaires,
as it is difficult to recall past mobile phone use, particularly when affected by a brain tumor. It is
also difficult to guarantee the suitable control group, as some studies have shown links between
mobile phone use and study participation. In the retrospective cohort study, subscription
information had to be used as an exposure measure, which predicts mobile phone use only to
some extent. Prospective cohort studies overcome limitations of both the case-control studies and
the retrospective cohort study, but they need to be based on a huge sample size with a long follow
up period.

In all, the balance of epidemiologic evidence suggests that mobile phone use of less than 10 years
does not pose any increased risk of cancer. For longer use, fewer data are available and any
conclusions therefore are tentative. From the available data, it does appear that there is no
substantially increased risk of brain tumors, however, more data are needed for long-term, heavy
users.



S-1-1  EVALUATION OF THE CHRONIC EFFECTS OF 50-HZ MAGNETIC FIELDS ON
HUMAN IMMUNE FUNCTIONS

Y. Touitou, A. Auzeby, J. Lambrozo, F. Camus, M. Souques. A. Verrier

Department of Biochemistry and Molecular Biology, Faculty of Medicine Pierre et Marie Curie, 91
boulevard de 1I’Hopital, 75013 Paris, France and Service des Etudes Médicales, EDF/GDF, 22-28 rue
Joubert, 75009 Paris, France

The relationship between exposure to 50-Hz magnetic fields (ELF) and human health is of increasing
interest since this exposure has been implicated in many different diseases including cancers in
epidemiological studies, though the results are controversial. The identification of possible
mechanisms of interaction between ELF and biological systems that could provide a biological
plausibility to the observed effects has failed so far. In this study we investigate the possible chronic
effects of exposure to ELF in humans. We examine the circadian rhythm of CD;, CD4, CDg, NK cells
and B cells in 15 men (38.0 = 8.9 yrs) exposed chronically and daily for a period of 1-20 years, in the
workplace and at home, to a 50-Hz magnetic field in search of any cumulative effect from those
chronic conditions of exposure. The weekly geometric mean of individual exposures ranged from
0.1 to 2.6 mT. The results are compared to those for 15 unexposed men similar in age (39.4 £ 1.2 yrs),
with the same synchronisation and physical activity who served as controls (individual exposures
ranged from 0.004 to 0.092 mT). Blood samples were taken hourly from 2000 to 0800. This work
shows that subjects exposed over a long period (up to 20 years) and on a daily basis to magnetic fields
experienced no changes in their plasma immune variables.

Our data suggest therefore that magnetic fields have no cumulative effects on immune functions, at
least for the variables under study.



S-1-2 INCREASED FREQUENCY OF MICRONUCLEI IN LYMPHOCYTES
OF WORKERS FROM A HOT DIP GALVANIZING PLANT

Alexander Pilger, Elisabeth Kratochvil, Claudia Schwarz, Petra Hartbauer, Hugo W. Riidiger
Medical University of Vienna, Division of Occupational Medicine, Waehringer Guertel 18-20,
1090 Vienna, Austria; E-mail: alexander.pilger@meduniwien.ac.at

Although there is now a significant body of genotoxicity data from experiments with low frequency
electromagnetic field (ELF-EMF) exposure of various cell types in vitro and of rodents in vivo, the
findings do not present a consistent picture. In addition, no biomonitoring study so far has revealed a
link between exposure of humans to ELF-EMFs and the induction of DNA damage. In the present
study we determined frequencies of micronuclei in lymphocytes of workers from a hot dip
galvanizing plant with induction heating with the aim to identify a possible association of genotoxic
effects with exposure to 50 Hz-EMF.

Eighteen male workers (46+10 years, 12 smokers, 1-21 exposure years) from a hot dip
galvanizing plant have been monitored for micronucleus frequencies. Three series of monitoring have
been performed, and all probands were their own controls: monitoring 1 was done immediately before
exchanging the heating system for furnacing from induction heating into gas heating. The second
monitoring session was performed three months after replacement of the induction heating system. To
ensure that the latter was not associated with a significant variation of other parameters of the
workplace environment (most prominently exposure to lead), we measured metal concentrations in
blood and urine (Pb, Cd, Hg, Mn, As, Cu, Zn, Ni, Cr) of workers before and after change of the
heating system. A third session of monitoring was performed six months after the first examination.

High levels of micronuclei were found in the workers when the induction heating system was
inuse (21.4+ 12.2 MN / 500 bn cells). A significant lowering of the micronucleus frequency was
observed three months after replacement of this source of ELF-EMF exposure. The blood lead
concentrations were not affected by the exchange of the heating system. No further significant
decrease of micronuclei was found in the third monitoring, the mean level of micronuclei being still
elevated as compared to controls (Fig. 1). Using a centromer-specific probe we were able to
demonstrate that the significant decrease of micronuclei after induction heating cessation could be
exclusively attributed to a decline of acentric fragments. However, no association of micronucleus
frequency with exposure years was observed.
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Our findings indicate, for the first time, that chronic exposure to ELF-EMF < 2.5 mT may
induce genotoxic effects in humans. This points to the clear need to investigate the underlying
mechanisms and to consider effective protective measures.



S-1-3 EXPLANATIONS FOR “ELECTROMAGNETIC

HYPERSENSITIVITY”: A LITERATURE REVIEW
Gunnhild Oftedal
Ser-Trendelag University College (HiST), Faculty of Technology, N-7004 Trondheim, Norway

Aim of the work :

Some individuals attribute symptoms to electromagnetic fields, some exclusively to fields from
specific devices such as visual display units (VDUs) or mobile phones, and some claim to get
symptoms when being near or using various sources of low frequency and of high frequency fields.
The symptoms as well as the severity of the symptoms attributed to the fields differ between
individuals. In the most severe cases the symptoms lead to long term sick leaves or disability and even
social isolation because of the avoidance of electromagnetic fields. As a part of a process to gain more
knowledge on how the public health service could assist this group of people, the Norwegian health
authorities gave me the task to review scientific literature. One of the main objectives was to explore
reasons for the symptoms, and the possible effect of electromagnetic fields was focused. The
evaluation of possible reasons for the symptoms based on scientific literature is also the aim of this
presentation.

Materials and methods :

The possible role of low frequency and high frequency fields were evaluated separately and primarily
based on results from provocation studies, but also epidemiology studies were reviewed. In addition,
scientific papers that might suggest alternative explanations for the symptoms were included. The
literature survey in connection with the task for the Norwegian Health Authorities (Oftedal, 2006)
was finished in Jan. 2006. For this presentation also later provocation studies have been reviewed.
Among the methods used to identify relevant literature was searches in literature data bases and in
references in original papers, review articles and reports.

Results :

Most epidemiological studies suggest a correlation between the use of VDUs and skin symptoms, but
no association between the electromagnetic fields from the VDUs and the symptoms. With a few
exceptions the provocations studies did not give any evidence that the low frequency electromagnetic
fields influence symptoms or physiological variables. An association between the use of mobile
phones and headache and other symptoms is suggested by epidemiological studies, whereas
provocation studies have not demonstrated any confirmed effect of the fields from the mobile phones
neither for symptoms nor for physiological responses. There are indications that the group of people
attributing symptoms to electromagnetic fields is heterogeneous with respect to the reason for their
symptoms. Among causes that are suggested in the scientific literature are dust in combination with
electrostatic fields, flickering light, and stress in connection with VDU work. Some “electromagnetic
hypersensitive” individuals have been diagnosed with known diseases, and some studies indicate an
abnormal autonomic nervous system regulation of “electromagnetic hypersensitive” individuals.
Normal psychological mechanisms may explain the attribution of the symptoms to sources of
electromagnetic fields even if there is no physical relation between the symptoms and the fields. This
may be the case regardless of the primary or original reason for the symptoms.

Reference :
Oftedal G. El-overfelsomhet — utredning om é&rsaker og mulige tiltak og behandlingsopplegg.
(Electromagnetic hypersensitivity - a review of reasons for and possible measures and treatments.)
Trondheim: Hegskolen i Ser-Trendelag (Ser-Trendelag University College) HiST/AFT-rapport nr 1
2006, 2006.



S-1-4 SUBJECTIVE SLEEP IMPAIRMENT IN THE VICINITY OF MOBILE-PHONE
BASE STATIONS

Leitgeb1 N., Schrottner', J., Cech', R.

Institute of Clinical Engineering, Graz University of Technology, Austria

Abstract

To investigate a potential causal role of environmental RF EMF in sleep disorders, at 44 worst cases
out of 500 volunteers the subjective sleep quality of total 261 nights was investigated. The
investigations were performed in the sleeping rooms of the volunteers, 6 of them aborted the
investigation prematurely due to several reasons. The aim of the double-blind crossover designed
study was to investigate potential reactions to shielding of environmental fields rather than to
provoked exposure by additional fields. A mobile shield of electric conducting tissue was used. The
subjective sleep status was assessed by PSQI. Daily sleep quality was characterised by the Self Rating
scale for Sleep and Awaking Quality (SSA). Subjective sleep quality, awaking quality and sleep
efficiency were assessed by standardised morning questionnaires. Shield conditions were compared
with unshielded control and sham shields. RF EMF were continuously monitored during all the nights.
Results were statistically analysed and positive, negative, placebo effects and side-effects by the setup
differentiated.



S-1-5 EFFECTS OF ELECTROMAGNETIC FIELDS EMITTED BY
COMMUNICATION SYSTEMS ON HUMAN COGNITION

Sarah J Smith (CA)*, John A Groeger®, Sarah C Bowditch®, Richard I Grose®, Robert H Inns®
and Alex D Wright".

‘Defence Science and Technology Laboratory (Dstl), Biomedical Sciences, Porton Down,
Salisbury, Wiltshire, UK SP4 0JQ.

°Department of Psychology, University of Surrey, Guildford, UK GU2 7XH.

Two studies were conducted to investigate the effects on human cognitive performance of
exposure to radiofrequency (RF) electromagnetic fields (EMF) used in communication
systems. In the first, a total of 48 male participants completed a battery of cognitive tests on
three separate test days whilst being exposed to a 29.725 MHz field, a 75.9 MHz field (peak
SAR of 1.7 W/kg and 1.5 W/kg, respectively), and under a sham control condition. On the
majority of the cognitive tests there were no significant differences between conditions.
Results did indicate that exposure to a 29.725 MHz EMF field decreased reaction time and
increased error proneness on a sustained attention task. However, these effects did not reach
significance after family-wise error correction.

The second study investigated two further fields using an identical experimental design.
Forty-one male participants completed the same battery of cognitive tests whilst being
exposed to a 448 MHz field, a 1206 MHz field (peak SAR 0.9 W/kg and 0.7 W/kg,
respectively) and a sham control. There were no statistically significant differences in
cognitive performance between conditions.

The results of both of these studies indicate that the EMF fields investigated do not have a
robust sustained effect on cognitive performance at these power levels. Furthermore, this
lends support to recent studies of EMF cognitive effects which have found similar non-
significant results.

© Crown Copyright. Dstl, 2006. Dstl/CP21846



S-1-6 MOBILE PHONE HEADACHE: A PROVOCATION STUDY OF SUBJECTS
ATTRIBUTING SYMPTOMS SPECIFICALLY TO THE PHONES

Gunnhild  Oftedal', Aksel Straume’, Anders Johnsson’ , Lars Jacob  Stovner’
'Sor-Trendelag University College (HiST), Faculty of Technology, N-7004 Trondheim, Norway.
*Norwegian University of Science and Technology (NTNU), Department of Physics, N-7491
Trondheim, Norway;
*Norwegian National Headache Centre, Dept. of Neurology and Clinical Neurophysiology, St. Olavs
Hospital, and Institute of Neuroscience, NTNU, N-7006 Trondheim, Norway.

Aim of the work: Some people experience symptoms in connection with mobile phone calls, and
epidemiological studies suggest a relation between the use and the occurrence of symptoms. Except
from heat sensations, headache is the most frequently reported symptom (Oftedal et al., 2000). The
aim of this provocation study was to test whether the radio frequency (RF) fields from mobile phones
may cause pain or discomfort in the head of individuals who regularly experienced these symptoms
when using mobile phone but who did not report hypersensitivity to electricity in general. We also
wanted to test possible effects on blood pressure and heart rate.

Subjects and methods: The inclusion procedure was designed to recruit a highly selected group in
which the chance to find an association between symptoms and the RF exposure would be high, if
such an association exists. Individuals were selected based on interviews, questionnaires, and
eventually an open provocation test. Only individuals who in this test got symptoms similar to those
they usually experienced when using mobile phones were accepted for the double blind study.
Seventeen subjects took part in at maximum four pairs of trials, each pair consisting of an RF and a
sham exposure session in random order. In total 65 pairs of trials were conducted. The exposure
lasted 30 min, and there were at least two days between any of the sessions. The amplified signal
from a GSM 900 mobile phone was emitted by one of two dipole antennae mounted symmetrically on
the sides of the subject’s head. Peak SAR;, was 1.0 W/kg. During a sham exposure the signal was
absorbed by a resistive load. Tests on healthy subjects were conducted to ensure proper blinding of
the exposure conditions. Symptoms were registered at various times using visual analogue scales
(VASs). Separate VASs were used for headache and “other symptoms”. The primary effect variable,
decided a priori, was the maximal change in degree of head pain and discomfort (with pre-exposure
values as baseline) during or within the first hour after the exposure. We also tested for headaches and
“other symptoms”, separately. The diastolic and systolic blood pressure and the pulse rate were
continuously registered and changes during and after the end of exposure were analyzed.

Results: Most symptoms were mild, and they resembled the symptoms reported by the subjects for
real mobile phone calls. When a symptom occurred, it usually came during the exposure, and its
maximum usually occurred during exposure. The severity of symptoms did not depend on the order of
the eight trials. The difference in symptom severity between RF and sham sessions was not
statistically significantly (Table). Likewise, there were no statistically significant differences in blood
pressure or pulse rate between the RF and sham sessions during or after the exposure (p. 0.30-0.88).
In conclusion, the study gave no evidence that RF fields from mobile phones cause head pain or
discomfort or influence heart rate or blood pressure even if the subjects were selected to increase the
chance to detect possible effects. The most likely reason for the symptoms is negative expectations,
i.e. a nocebo effect.

Table. Maximal degree of symptom (means) relative to the pre-exposure value

Mean values p (paired t-test)
RF Sham

Head pain or discomfort 10.1 12.6 0.30

Headache 7.4 10.3 0.22

Other symptoms 8.1 11.6 0.19

Reference:
Oftedal G, Wilén J, Sandstrém M, Mild KH. Symptoms experienced in connection with mobile phone
use. Occup Med-Oxf2000;50(4):237-245.
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A REVERBERATION CHAMBER FOR THE EXPOSURE OF RODENTS
TO RADIO FREQUENCY ELECTROMAGNETIC FIELDS:
DESIGN AND PERFORMANCE

M.H. CAPSTICK', N. KUSTER/, S. KUHN', V. BERDINAS TORRES', F. D. FARACI', J.
LADBURY?, G. KOEPKE?, D.L. McCORMICK® J.R. GAUGER® & R. MELNICK*

'THE FOUNDATION FOR RESEARCH ON INFORMATION TECHNOLOGY IN SOCIETY
(IT’1S), ZEUGHAUSSTRASSE 43, 8004 ZURICH, SWITZERLAND. °NIST, 325 BROADWAY,
BOULDER, CO 80305, USA. °IIT RESEARCH INSTITUTE, 10 WEST 35TH STREET,
CHICAGO, IL 60616, USA. “NIEHS, PO BOX 12233, RTP, NC 27709, USA

INTRODUCTION

This paper presents the design and experimental results for a reverberation chamber based exposure
setup for individually housed unconstrained rodents suitable for exposure over extended periods. The
idea of using reverberation chambers for animal exposure to electromagnetic fields was first
suggested by the National Institute of Standards and Technology (NIST) in a special session at BEMS
2001. A preliminary study involving an experimental investigation performed by NIST and a
preliminary numerical dosimetry study performed by IT’IS, both funded by the National Institute of
Environmental Health Sciences (NIEHS) in the USA. The results of this preliminary study were very
encouraging and in January 2006 the main study to evaluate the potential toxicity and carcinogenicity
of cell phone RF radiation in laboratory animals was issued by NIEHS under the National Toxicology
Program. These results constitute the out come of the chamber prototype development and evaluation
phase of the study.

METHODS

The design of the reverberation chamber had to encompass both the electrical design and animal
housing issues. The application demanded a design that could house up to 108 rats or 214 mice and
provide good ventilation and lighting. From the animal husbandry view point non-toxic materials
must be used that can be readily disinfected without corrosion or other problems, this resulted in a
stainless steel design. The electrical design had to achieve the required shielding and excellent field
uniformity, to this end the chamber has a fully welded construction and utilizes two mode stirrers
designed using EM modeling tools.

RESULTS s
The important performance metrics for a reverberation chamber
used for animal exposure are: the field uniformity and isotropy, .
the SAR uniformity, and the efficiency. Using E-Field probes
the measured electric-field uniformity (one standard deviation)
in the empty chamber measured on a 300mm 3D grid was
0.6dB and the field isotropy 0.85dB and in the fully loaded
chamber, over a reduced number of points, 0.74dB and 1.3dB
respectively. Figure 1 shows one slice of the E-field uniformity
results. The SAR uniformity measured in rat and mouse !
phantoms, using the temperature method, were 0.46dB and
0.40dB respectively. The design achieves an overall efficiency o
of ~70% for adult rats and 45% for adult mice. ! ' ’ ’ ! ’
Figure 1, E-field uniformity (0.5dB Contours)

E Total Grid Increment 300mm

!

DISCUSSION

Overall, the performance across all the criteria of the reverberation chamber for animal exposure is
excellent, with all target performance metrics being met or exceeded. The performance of this
exposure environment is comparable to the best exposure setups using constrained animals. In
addition exposure periods can extend from a maximum of 4 hours for a rat to >20 hours per day

ACKNOWLEDGEMENT
This work was supported by the National Institute of Environmental Health Sciences (N0O1-ES-55544).
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S-2-2
A New 900 MHz Ridged-Waveguide Microwave Exposure Equipment
to Achieve High Power Density Irradiation for In Vitro Experiments
Takashi HIKAGE, Masataka ENDO, and Toshio NOJIMA

Hokkaido University, Sapporo, 060-0814 Japan
E-mail: hikage@wtemc.ist.hokudai.ac.jp

INTRODUCTION

Authors conducted in-vitro experimental investigations into free-radical production in human cells
due to microwave exposure, especially focusing on mobile radio frequencies [1]. In the experiment,
cultured or treated human cells are irradiated by high-level RF waves for a few minutes. Several kinds
of exposure systems that make use of rectangular waveguides have been reported for in-vitro studies
so far [2]. To achieve high duty RF exposure of cells at 900 MHz, we developed ridged-waveguide

microwave exposure equipment.

Terminator
MATERIAL AND METHODS Signal Generator
The exposure system is shown in fig. 1. Ridged Waveguide
This system consists of a vector signal Power Amplifier v
[ 50dB : 880~920M Hz A\, ’ 2
generator, 100 Watts transistor amplifier, Mex Quiput - L00W 2 . L] Stub Tuner
stub tuner, the ridged waveguide and
terminator. In manufacturing the 900 MHz
From Stub tuner » To Terminator
ridged-waveguide exposure equipment, Coaxial connector Sample position
. /T Fl\-f/lg\?éétlx? ed Hﬁl Smm Taper ridged
rectangular waveguides (WRIJ-1: 740 —/ aeguce
T 123.83 mm PS T
MHz-1.12 GHz) that have the S N
N\ \
cross-sectional dimensions of 247.65 X — P — >
' 209 mm 250 mm 200 mm 250 mm 209 mm

123.83 mm are used. As shown in the _ . _
figure, the two tapered ridged parts and Fig. 1: Ridged waveguide exposure system
ridged waveguide that has dimensions of 185.5X 61.5 mm are employed to increase the duty of
electromagnetic fields on irradiated sample tissue.

RESULTS

This equipment can achieve about 1.5 times higher exposure on samples in comparison with
conventional rectangular waveguides and it is also available without special degradation of the
impedance matching caused by the scattering waves from the samples.

ACKNOWLDEGMENT
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S-2-3
RF EXPOSURE OF CELLS IN VITRO USING FINLINES
FOR THREE DIFFERENT FREQUENCY BANDS

A. EL OUARDI !, J. STRECKERT !, T. REINHARDT ! A.BITZ !,
J.ENGEL 2, S. MUNKNER 2, V. HANSEN *

! CHAIR OF ELECTROMAGNETIC THEORY; UNIVERSITY OF WUPPERTAL, GERMANY
ZINSTITUTE OF PHYSIOLOGY II, UNIVERSITY OF TUBINGEN, GERMANY

AIM OF THE WORK

This project performed within the frame of the "German Mobile Telecommunication Research
Programme" is designed to investigate possible effects on the auditory system due to RF signals
from the cellular mobile communication networks GSM 900MHz, GSM 1800MHz or UMTS. To
do so, parts of the so-called Cortian organ of the cochlea of mice are prepared and kept in vitro and
the Ca* -ion flux through the cell membrane of an isolated inner hair cell is measured with help of
the patch clamp technique. Simultaneously, the cells are exposed using new exposure devices
based on a finline concept. This contribution reports about the properties of the exposure set-up
and presents results of the electromagnetic fields and specific absorption rates within the biological
system.

MATERIALS AND METHODS

For each of the three frequency bands a specifically dimensioned finline made of brass was

developed which means in principle a rectangular waveguide with two internal metal fins attached

to the side walls, thus guiding a shielded slot line wave with a field concentrated to the area close
to the slot. There were some important requirements:

e Since the exact location of the biological cells is not known a priori, a homogeneous field
distribution over the central volume of the vessel filled with nutrient solution and with the
sample must be achieved.

e The distance between the condensor lens for illumination and the microscope objective for
observation of the contact between cell and patch clamp electrode is only a few millimeters,
and the exposure field must propagate through this gap.

e The structure must be open for the microscope objective, the patch clamp electrode and two
perfusion tubes.

e The dimensioning of the finlines as well as the construction of excitation must allow for a
stable single-mode operation of the devices.

e SAR values of 0.02, 0.2, 2, and 20 W/kg should be reached without producing thermal effects.
Analytical and numerical computations, field and temperature measurements were applied to
find a suitable solution.

RESULTS

As an example, figure 1 shows the exposure device for GSM 1800MHz. The above mentioned
requirements are completely attained. For UMTS exposure (2 GHz) the maximum desired SAR of
20 W/kg is achieved for a total input power of 120 mW with heating below 0.4 °C. A good
agreement between field measurements and calculations is obtained. More details will be given in
the presentation.

Fig. 1: Photograph of the implemented exposure device for GSM 1800MHz
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S-2-4  FDTD SIMULATION OF DOSIMETRY FOR BENT RATS EXPOSED TO GSM-900
SIGNALS IN A TEM CELL

Jianging Wang and Osamu Fujiwara

GRADUATE SCHOOL OF ENGINEERING, NAGOYA INSTITUTE OF TECHNOLOGY,
GOKISO-CHO, SHOWA-KU, NAGOYA 466-8555, JAPAN

Aim of the Work

Salford et al. reported in 2003 that the GSM-900 signals induced an albumin leakage due to disruption
of blood-brain barrier function in rats. The dosimetry of the TEM (transverse electromagnetic) cell used in
his experiment, however, remains unclear. The uncertain exposure conditions may cause unexpected
influences on the exposed rats and then confuse the interpretation of the actual result. Replication studies
of his result are being performed on an international collaboration basis, and a high-precision dosimetry
evaluation was a necessary step for the replication experiment. The researchers at Brooks City Base
recently reported their dosimetry results mainly based on localized and whole-body-averaged SAR
measurements in the Salford-used TEM cell. However, the finite-difference time-domain (FDTD)
simulation suggests some discrepancies with the measurement. A possible reason is being attributed to the
accuracy of TEM cell modeling. In this paper, we newly developed a detailed FDTD-based TEM cell
model for the dosimetry of rats exposed to GSM-900 signals. We also employed a bent rat model, just as
used in the Brooks City Base simulation, and incorporated it into the TEM cell model. We then conducted
a dosimetric analysis by means of the FDTD simulation and attempted the comparison with the reported
brooks City Base results.

Method

The FDTD method was employed in the dosimetric analysis. The FDTD TEM cell model, with the
same structure and dimensions as Salford used, was constructed of 2-mm cubic cells. It consists of a
section of rectangular coaxial transmission line tapered at each end to adapt to standard coaxial connectors.
The rectangular coaxial transmission has a length of 15 cm and a cross-section of 15 x 15 cm. The coaxial
connector parts were adjusted to have a characteristic impedance of 50 ohm. This was validated by FDTD
simulation in which we obtained a value of 54.9+j0.3 ohm.

The TEM cell is cramped for the rats exposed to GSM-900 signals. The rats have to be in a bent shape
usually because of the small TEM cell space. We therefore employed a bent rat model, provided by
Brooks City Base, in the FDTD simulation. The bent rat model has a mass of 279 grams and a volume of
1322 em’. It consists of 36 tissue types. We employed the dielectric properties for the bent rat model from
the 4-cole-cole extrapolation of Gabriel’s data. Both the absorbed total power and the local specific
absorption rate (SAR) distribution were numerically derived.

Results

The FDTD-calculated total power absorbed in the bent rat was compared with measured results to
further confirm the validity of the TEM cell model. Then the local SARs in various arrangements of the
bent rat in the TEM cell were calculated to demonstrate the possible SAR distributions in actual exposed
rats. Finally, for the bent rat exposed to GSM-900 signal in the TEM cell, the whole-body-averaged SAR
and the brain-averaged SAR were given in a statistical sense in view of the various arrangements of rat.
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S-2-5  USING PLANAR MODELS TO COMPARE LOCAL SAR TO INCIDENT POWER
FLUX DENSITY AS THE BEST METRIC FOR BASIC RESTRICTIONS BETWEEN 1 AND
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3122, Australia
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* Swinburne University of Technology, 400 Burwood Rd, Hawthorn VIC 3122, Australia

Aim: The aim of this study is to provide a more rigorous basis for the specification of localised 10g
average SAR (SAR;(,) and incident power flux density (Sinc) as RF safety exposure metrics in the
frequency range of 1-10 GHz. In particular, we seek to establish the optimal frequency crossover
point (or range) for these two metrics using maximum induced tissue temperature rise as a common
gauge for comparison.

Materials and Methods: The point SAR distribution and tissue temperature rise were calculated in
three tissue (skin/fat/muscle) planar models exposed to 10 W/m? plane waves ranging in frequency
from 1 to 10 GHz. Thousands of models were formulated by Monte Carlo analysis to explore the
effects of varying thermal environmental conditions and statistical variation in tissue layer thicknesses.
Our statistical distributions for skin and fat tissue layer thickness were developed from a meta-analysis
of the available literature, and included estimates of population variation for varying age, sex and body
location. For each model that we analysed, we recorded the peak 10g average SAR and the maximum
tissue temperature rise. The incident power flux density and 10g average SAR were then normalised
to a constant value of maximum tissue temperature rise (1°C) to enable meaningful comparison
between the Si,c and SAR;(, metrics.

Results: The results of our analyses were sorted into normalised SAR ¢, and S;,. histograms for each
combination block of body location, frequency and thermal conditions. By examining the distribution
spread of each histogram, we were able to best judge which basic restriction exposure metric, S,. or
SAR g, provides the best indicator of maximum tissue temperature rise in the frequency range of 1 to
10 GHz.
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The maximum averaged Specific Absorption Rate (SAR) in 10g is currently the unique
parameter characterizing a mobile phone, in terms of radiated power in the user’s head. In any
case, it is the only physical parameter under regulation, through the standards and the current
SAR level recommendations. Beside the knowledge of the averaged SAR value, it could be
interesting to represent the SAR maximum location on the phantom head, to give an idea of the
head regions exposed to the mobile phone radiation. In this study, we have exploited the huge
amount of mobile phones measured in the Supélec accreditated SAR measurement laboratory,
on a SARA2 (Indexsar) facility. The 150 phones taken into account here have been measured
since October 2004 until October 2006. We will focus on the SAR maximum localisation on the
head (Specific Anthropomorphic Mannequin) and the surface defined by iso-SAR curves.

All the phones considered in this study have been measured in the Supélec facility
according to the EN50361 SAR measurement standard'. For each phone, 12 different
configurations were measured, depending on the frequency (900 MHz and 1800 MHz bands),
the position with the Specific Anthropomorphic Mannequin (SAM) phantom (close to the
cheek, or tilted 15° away) or the side of the SAM head. The SAR measurement procedure
consists in roughly determining the location of the maximum local SAR in a surface close to the
SAM head boundary, and then explore with a fine mesh this region in 3 dimensions, to get
accurate results for SAR measurement. We use here the first planar information, consisting in a
large local SAR surface surrounding the phone shape, with a coarse mesh (approximately 120 x
100 mm with 12 mm square mesh). Each measurement data file have been reprocessed and local
SAR data interpolated to 1mm square mesh to get the following information : i) maximum local
SAR coordinates, ii) levels and associated surface where local SAR is higher than 90%, 75%
and 50% of the maximum local SAR and iii) the SAR curve associated to the surface
corresponding to the 10g SAR cube side. The maximum local, 1g and 10 averaged SAR values,
with the test position and frequency information are also associated to the previous results.

The results of this study will be presented as maps of SAM head showing localisation of
maximum local SAR for different phones categories or frequencies. Three different phone shape
categories are considered: bar, slide and clam-shell. With the rise of clam-shell phones shape,
the localisation of maximum local SAR is now more often in the cheek, near the mouth region,
while the bar-phones are located around the ear region. The statistical assessment of the relation
between maximum SAR values and surface SAR extension gives additional information,
showing the need to consider also such parameters in the SAR characterisation of a mobile
phone.

[11 EN50361, Basic standard for the measurement of Specific Absorption Rate related to human exposure
to electromagnetic fields from mobile phones (300 MHz — 3 GHz), CENELEC TC211 European
standard, Bruxelles, June 2000.
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ON THE DEVELOPMENT OF COMPLIANCE PROCEDURES FOR BTS

ANTENNAS

P. BERNARDI, M. CAVAGNARO, S. PISA, E. PIUZZI
Dept. Electronic Engineering, “La Sapienza” University of Rome
Via Eudossiana, 18 — 00184 — Rome - Italy

Aim of the work

ICNIRP safety guidelines for limiting human exposure to electromagnetic (em) fields set basic
restrictions on whole body averaged and on local (10-g) Specific Absorption Rate (SARy, and
SARq), as well as give reference values on the impinging em fields. While these values are widely
accepted, there are still discussions on the procedures to be used for testing em field sources against
the safety limits. These procedures, referred as compliance procedures, should be as simple and
reliable as possible, while they should not underestimate, nor overestimate too much, power
absorption in humans. Aim of the work is to investigate power absorption in humans exposed to the
field emitted from base transceiver station (BTS) antennas, in order to find out basic mechanisms of
power absorption and to let propose a simple phantom that could be used in compliance procedures.

Material and methods

The Finite Difference Time Domain (FDTD) method is used in this work. A parallel implementation,
based on MPI routines, of the FDTD code is used, with a 4-layer PML with parabolic profile and
0.01% reflection coefficient absorbing boundary condition. The body model is obtained from the
Visible Human data set (VH) with a 5 mm resolution, and with 34 different tissues. Moreover, an
homogeneous version of the VH is also used, with different choices for the considered tissue. The
body model is positioned in front of a 900 MHz BTS antenna, radiating 30 W. The antenna model has
been developed starting from direct inspection of an actual BTS antenna, and it has been validated
against measurements and MoM simulations. Impinging em field and SAR are evaluated and
compared with limits settled in safety guidelines, for several distances of the VH from the antenna.

Results

In Fig. 1 the exposure E (1.a) and H (1.b) fields, obtained along the axis in front of the antenna,
normal to the antenna screen and centered with respect to it, are reported. The considered values are
the rms field value, and the value obtained averaging the field on a volume, centered on the axis,
equivalent to that occupied by the VH model. In the figure the reference values are also reported.
From these data, a compliance distance of 27 cm from the antenna screen is obtained for occupational
exposure, while, up to the considered distance of 1.7 m from the antenna, reference values for general
population are exceeded. These data will be compared with the SARy, and SAR;q 0btained when the
VH body model, both heterogeneous and homogeneous, is positioned in front of the antenna in order
to look for the parameters that mainly affect power absorption and to try to define a simple and
reliable compliance procedure.
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Fig. 1: rms field value and averaged value on a volume equivalent to the human body, compared with
the reference value for occupational exposure and general population. a) E field; b) H field.
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Extremely low frequency magnetic fields enhance cytokine-mediated -cell
dysfunction

Tomonori Sakurai, Miwa Yoshimoto, Shin Koyama, Junji Miyakoshi

Department of Radiological Technology, School of Health Sciences, Faculty of Medicine
Hirosaki University
66-1 Hon-cho, Hirosaki, 036-8564, Japan

Aim of the work: Cytokine-mediated P-cell dysfunction is crucial in type 1 diabetes.
Inflammatory cytokines such as interleukin-18 (IL-1P) and interferon-y (INF-y) initiate a variety
of signal cascades in B-cells that lead to B-cell dysfunction and destruction. However, there have
been no reports studying the effects of extremely low frequency magnetic fields (ELFMFs) on
cytokine-mediated B-cell dysfunction. The aim of this investigation was to evaluate the effects of
ELFMFs on cytokine-mediated B-cell dysfunction.

Materials and methods: The insulin-rich RIN-m sub-clone, RINmS5F cell line, which was derived
from radiation-induced insulinoma cells, was used in this study. Cytokine-stimulation of RINm5F
cells is a well-characterized model of cytokine-mediated B-cell dysfunction. RINmSF cells were
seeded at a density of 5x10* cells/cm?, and cultured in RPMI 1640 supplemented with 10% fetal
bovine serum. RINmSF cells were then stimulated by IL-1B (50 U/ml) and INF-y (100 U/ml)
under exposure to ELFMF or sham-exposure conditions for 3 days, using our established system
for the exposure of cultured cells to ELFMF (a sinusoidal vertical magnetic field at a frequency of
60 Hz and a magnetic density of 5 mT). There were three different conditions of exposure to
ELFMF, as follows: 3 consecutive days of continuous exposure to ELFMF (Exposure to ELFMF
1), 2 consecutive days of continuous exposure to ELFMF following cytokine stimulation
(Exposure to ELFMF 2), 2 consecutive days of continuous exposure to ELFMF starting 1 day
after cytokine stimulation (Exposure to ELFMF 3). After cytokine stimulation, cellular insulin
content was determined by acidic ethanol extraction, and insulin concentration in the extract was
measured by enzyme linked immunosorbent assay (ELISA). Data were standardized to the total
protein content in the extracts, which was measured by the DC protein assay kit (BioRad). WST-1
cell proliferation assay was also performed after cytokine stimulation.

Results: Three days of continuous exposure to ELFMF enhanced cytokine-mediated [B-cell
dysfunction (Exposure to ELFMF 1). Two days of continuous exposure to ELFMF did not affect
cytokine-mediated p-cell dysfunction (Exposure to ELFMF 2 and 3).

Table 1. The effects of ELFMF on cytokine-mediated -cell dysfunction. Data are shown relative
to cytokine (-)-ELFMF (-) conditions, and presented as the mean+SD. ** P < (.05 to cytokine (+)-
ELFMEF (-). * P <0.05 to cytokine (-)-ELFMF (-).

Conditions Cytokine ELFMF Insulin content WST-1 assay
ks skk ko sksk
Exposure to + + 267 4842
ELFMF 1 + — 40+13* 5043%
— + 9549 9542
* *
Exposure to ™ + 39425 55+4
— + 109422 9444
* *
Exposure to + + 45+14 5245

— + 104+14 91+4




S-3-2 EVALUATION OF GENOTOXIC EFFECTS IN HUMAN FIBROBLASTS
FOLLOWING 900 MHz RF EXPOSURES AND CO-EXPOSURES TO MX

Sannino A, Di Costanzo G, Sarti M, Zeni O and Scarfi MR
CNR-IREA; VIA DIOCLEZIANO, 328, 80124, NAPLES, ITALY
E-Mail: scarfi.mr@irea.cnr.it

Aim: To investigate the induction of genotoxic effects of 24 h exposure to 900MHz radiofrequency
radiation (GSM signal; SAR 1 W/kg), alone or in combination with 3-chloro-4-(dichloromethyl)-5-
hydroxy-2(5H)-furanone (MX) in human fibroblasts from healthy subjects (HSF) and subjects
affected by Turner’s syndrome (TSF). Materials and Methods: The exposure system employed
consisted of a two channels exposure set-up to perform experiments with two SAR levels in double
blind procedure: 0 W/kg (sham-exposure) and 1 W/kg. The Wire Patch Cell (WPC) was used as
radiating system. Two WPCs were located in a commercial CO, incubator and four Petri dishes
were placed inside each WPC. Temperature during the RF exposure was monitored in a dummy
culture by using a fiber optic thermometer. Numerical and experimental dosimetry was carried out
to evaluate SAR values and distribution within the biological sample. Cultures of TSF were also
exposed at a lower SAR value of 0.125 W/Kg. The induction of DNA damage was assessed using
the alkaline comet assay. For co-exposures MX treatment was performed at 25 pM final
concentration for 1 h immediately after RF exposure. DNA damage was evaluated by analysing 400
cells/treatment (200 from each duplicate culture) and was expressed as % of DNA in the tail, tail
moment, comet moment and tail length. Moreover, the effect of RF exposure alone was also
investigated in both cell lines by applying the cytokinesis-block micronucleus assay. In this case
2000 binucleated cells/treatment were analysed (1000 cells for each duplicate cultures). Results:
For each experimental condition investigated, at least three independent experiments were set up.
The results obtained indicate absence of genotoxic effects induced by RF exposure alone in both
cell lines investigated. Concerning co-exposures, lack of effects was detected either in HSF and in
TSF. As expected, MX treatment induced a statistically significant increase in DNA damage. It is
interesting to note that, when TSF were co-exposed at SAR value of 1 W/kg a slight but not
statistically significant increase in all the comet parameters investigated was detected, as reported in
figure 1, where results are expressed as DNA percentage in the tail. In order to clarify the
significance of the observed increase, work is in progress to enhance the number of experiments
and to test fibroblasts from another subject affected by Turner syndrome.
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Figure 1 — DNA damage, expressed as DNA %, in fibroblasts from subjects affected by Turner
syndrome exposed for 24 h to 900 MHz (1 W/kg) and co-exposed to MX (25 pM for 1h). Data
are expressed as mean + SE of three independent experiments. *P<0.05 (Sh vs. Sh+MX).



S-3-3 MOBILE RADIO BASE STATION-EMITTED RADIATION DOES NOT INDUCE
DNA STRAND BREAKS OR APOPTOSIS IN HUMAN CELLS.

M. Sekijima', N. Sakuma', N. Kaji', H. Takeda', H. Hirose', T. Nojima®, J. Miyakoshi®. 'Mitsubishi
Chemical Safety Institute Ltd., Kamisu, Ibaraki 314-0255, Japan, *Hokkaido University, Sapporo,
Hokkaido 060-8628, Japan 3Hirosaki University, Hirosaki, Aomori 036-8563, Japan.

OBJECTIVE: Several experimental studies have reported that exposure to mobile phone radiation
acts as repetitive stress in exposed cells and tissues, which in turn affects their normal regulation, and
cancer results. The objective was to assess DNA damages or apoptosis induced by radiofrequency
(RF) fields which corresponds to the limit of the average whole body SAR for general public
exposure defined as a basic restriction in the International Commission on Non-lonizing Radiation
Protection (ICNIRP) guidelines [1]. We investigated if continuous wave (CW) and Wide band Code
Division Multiple Access (W-CDMA) RF fields at 2.1425 GHz, which corresponded to the middle
frequency allocated to the downlink band of the IMT-2000 from mobile radio base stations, induce
DNA strand breaks, apoptosis, and p53 phosphorylation.

MATERIALS AND METHODS: We used the in vitro exposure system with a horn antenna and
dielectric lens in an anechoic chamber, which allows simultaneous exposure of 49 35 mm dishes [2].
Human glioblastoma A172 cells and IMR-90 fibroblasts from fetal lungs were used, and the cells
were exposed in plastic 35 mm culture dishes [3]. The alkaline single cell gel electrophoresis (SCQG)
assay was performed on log-phase cultures for period 2 and 24 h exposure at average SAR of 80, 250,
and 800 mW/kg. Comets were visualized by ethidium bromide staining (10 mg/mL) and were
analyzed by Komet5 imaging system (Kinetic Imaging LTD.) at least 100 comets from each of five
replicate cultures. DNA damage was quantified immediately after RF-field exposures using three
parameters (tail moment, comet length and tail length) for each comet. The annexin V affinity assay
was performed at an average SAR of 80, 250, or 800 mW/kg on log-phase cultures for 24 or 28 h,
which is one doubling time of the individual cell line [4]. Apoptosis was evaluated using the assay.
Induction of p53 protein and phosphorylation at each protein were detected using the bead based
multiplex assay [4]. Real-time RT-PCR and human genome HG-U133 Plus2.0 (Affymetrix) were
used for analysis of gene expression in the cells exposed to RF fields.

RESULTS: In all of the RF field exposure conditions, no significant differences in DNA strand
breaks were observed between the test group exposed to W-CDMA or CW radiation and the
sham-exposed negative controls when processed immediately after the exposure periods by the
alkaline comet assay. In contrast, the response of human cells exposed to 20 mg/mL methyl
methane sulfonate was significantly different from RF-radiation- and sham-exposed cells. Thus,
under the experimental conditions tested, there is no evidence for induction of DNA single-strand
breaks and alkali-labile lesions in human cultured cell lines exposed to W-CDMA and CW 2.1425
GHz microwave radiation. Our results confirm that low-level exposures did not act as a
genotoxicant at up to 800 mW/kg SAR.

No statistically significant differences were observed between any of the RF field exposure
groups and sham-exposed controls in the percentage of apoptotic cells. In contrast, treatment of
doxorubicin resulted in six and threefold increases in the percentage of apoptotic cells compared to
conventional incubator controls.  All levels and types of the investigated RF fields did not result in a
statistically significant increase or decrease in pS3[pS15] per total p53 protein of each sample. On
the other hand, treatment of the cells to heat at 42°C for 2 h resulted in a significant increase in the
protein of each sample, compared with the sham and RF field exposed samples. No noticeable
differences were observed between any of the RF field exposure groups and the sham exposed
controls in the gene expression profile, including p53 related genes, in either the RF field experiments.
In the heat shock exposure experiments, a total of 54 and 52 genes responded to heat treatment in
A172 and IMR-90 cells, respectively. These results confirm that RF exposure to W-CDMA and CW
at 2.1425GHz cannot be associated with apoptosis or cancer via induction of the p53 pathway at the
limit of the average whole-body SAR level (80 mW/kg) as defined by the ICNIRP guidelines. This
work was supported by NTT DoCoMo Inc.

References. [1] ICNIPR, 1998. Health Phys 74, 494-522. [2] Iyama et al., 2004. BEMS 25, 599-606.
[3] Sakuma et al., 2006. BEMS 27, 51-57. [4] Hirose et al., 2006. BEMS 27, 494-504.



S-3-4 EFFECT OF THE EDGE SIGNAL ON THE APOPTOSIS OF NEURONAL CELLS
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Introduction and objectives

Some research groups have explored the effect of mobile telephony signals on the apoptotic process
involved in cell homeostasis (Hook et al., 2004; Markkanen et al., 2004; Capri et al., 2004a; Capri et
al., 2004b; Caraglia et al., 2005; Merola et al., 2006; Joubert et al., 2006). The EDGE signal belongs
to the “2.5” generation of mobile phone signals and is now widely used. We present here the first data
on the effect of the EDGE signal on apoptosis in rat primary neuronal cell cultures.

Materials and Methods

Primary cultures were prepared from 4 postnatal day Wistar rat cerebella. Cells were cultured in 35-
mm diameter polylysine-coated dishes. Cells were plated in HMEM culture medium supplemented
with 1% antibiotics and 10%horse serum. They were maintained in vitro in a culture incubator with
5% CO; in air at 37°C for 3 days. Medium was always changed before RFR exposure. In vitro
exposure to RFR was performed using SXC-1800 waveguides (IT’IS-Foundation, Zurich,
Switzerland) modified by IT’IS to allow for exposure to the EDGE signal at 2 and 10 W/kg (specific
amplitude time profile mimicking that of the EDGE protocol). Six Petri dishes can be exposed
simultaneously. Two waveguides (exposed, sham-exposed) are placed inside a commercial incubator
to ensure constant environmental conditions (37°C, 5% CO,, 95% humidity). In addition, the
temperature and the electric field are monitored at the location of the dishes during exposure. To
enable blind exposures, the computer randomly determines which of the two waveguides is exposed.
Two techniques were used to detect apoptosis in primary neuronal cells either immediately or at
different time-points after exposure: (i) flow cytometry (Facscan®, Becton Dickinson) and Annexin V
staining with exclusion of necrotic cells by mean of propidium iodide staining and data analysis using
the CellQuest” software and (ii) TUNEL in situ using the NeuroTACS 1I kit (Trevigen, USA) and
apoptotic neurons counting under microscopic observations.

Positive controls were generated either with paraformaldehyde (flow cytometry) or TACS-Nuclease
that causes DNA breaks in every cell (TUNEL).

Results

Rat primary neuronal cell cultures were sham-exposed or exposed to EDGE for 24 h at 2 W/kg, or
one hour at 10 W/kg.

Using both techniques, there was no effect of 2 W/kg RFR on apoptosis in primary neuronal cell
cultures immediately after a 24-h exposure (n = 4).

In cells exposed for one hour at 10 W/kg, apoptosis will be evaluated 24 h after exposure.
Experiments are in progress.

Discussion and conclusions
To date, no observation of an effect on apoptosis of nerve cells of the EDGE signal was made in rat
primary cells at the maximum SAR level permitted for local public exposure.
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S-3-5 NEOPLASTIC TRANSFORMATION IN BALB/3T3 CELLS EXPOSED TO 2-GHz
BAND W-CDMA MODULATED RADIOFREQUENCY FIELDS
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OBJECTIVE: Our group reported that DNA strand breaks or apoptosis were not induced in human
cells exposed to Wide band Code Division Multiple Access (W-CDMA) radiofrequency (RF) fields
up to SAR of 800 mW/kg [1, 2]. The objective was to investigate any signs of a carcinogenic
process induced by RF fields. In order to assess carcinogenic potential on the low level RF, which
corresponds to the limit of the average whole body SAR for general public exposure defined as a
basic restriction in the International Commission on Non-lonizing Radiation Protection (ICNIRP)
guidelines [3], in vitro BALB/3T3 cell transformation assay was employed using a large-scale in vitro
exposure system [4].

MATERIALS AND METHODS: We used the in vitro exposure system with a horn antenna and
dielectric lens in an anechoic chamber, which allows simultaneous exposure of 49 35 mm dishes [3].
Exponentially growing BALB/3T3 A31-1-1 cells were seeded at 5 x 10° cells/35-mm dish in 20
replicates. Non-, 100 ng/ml 3-methylcholanthrene (MCA)-, or 100 ng/ml MCA plus 30 ng/ml
12-O-tetradecanoylphorbol-13-acetate (TPA)-treated cells were exposed to W-CDMA RF field at
average SAR of 80 or 800 mW/kg for 6 weeks, to confirm its initiation, promotion, or combination
activities. The RF field exposures dishes were processed in a blind manner. The frequency was
2.1425 GHz, which corresponded to the middle frequency allocated to the downlink band of the
IMT-2000 from mobile radio base stations. The medium was changed twice a week for the duration
of the assay. At the end of the incubation period, the transformation dishes were fixed with
methanol, stained with 3% aqueous Giemsa, and scored for morphologically transformed foci. The
transformed foci were measured by counting type II and type III foci. We also studied altered gene
expression in BALB/3T3 cells exposed to RF radiation in the promotion phase of transformation
assay. Total RNA was isolated from cells harvested from dishes 2 weeks after starting the culture.
RESULTS: Experiments under the same RF exposure and cell culture conditions were repeated three
times. Exposure to W-CDMA RF field at SAR of 80 and 800 mW/kg for 6 weeks did not induce
significant changes on the average number of transformed foci per dish in the non-treated cells. On
the other hand, treatment of the cells to 100 ng/ml MCA alone resulted in a significant increase in the
transformed foci of each sample, compared to sham and RF field exposed samples. Exposure to
W-CDMA REF field at SAR of 80 mW/kg did not change on the number of transformed foci in the 100
ng/ml MCA- or 100 ng/ml MCA plus 30 ng/ml TPA-treated cells. However, treatment of the cells to
100 ng/ml MCA plus 30 ng/ml TPA (positive control to 100 ng/ml MCA-treated cells) or 100 ng/ml
MCA plus 300 ng/ml TPA (positive control to 100 ng/ml MCA plus 30 ng/ml TPA-treated cells)
resulted in a significant increase in the transformed foci of each sample as well, compared to sham
and RF field exposed samples. Furthermore, no noticeable differences were observed between any
of the RF field exposure groups and the sham exposed controls in the gene expression profile,
including cyclin and proto-oncogenes. Our experimental results suggest that RF exposure to
W-CDMA at 2.1425GHz cannot be associated with transformation at the limit of the average
whole-body SAR level (80 mW/kg) as defined by the ICNIRP guidelines. This work was supported
by NTT DoCoMo Inc.
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S-3-6 TEMPERATURE EFFECTS IN BRAIN SLICES EXPOSED TO RADIOFREQUENCY
FIELDS
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AIM: Previous studies have suggested that in vitro exposure to 700MHz radiofrequency (RF) fields at
tissue specific absorption rates (SARs) up to 4.5mW.kg"' can affect both evoked and spontaneous
electrical activity in rat hippocampal slices [1]. More recent experiments have found that exposure to
380MHz RF fields at a tissue SAR of 400mW kg™ rapidly and irreversibly abolishes electrical activity
in slices, apparently due to localised heating produced by the interaction of the RF field with the
recording and stimulating electrodes [2]. The aim of this study was to determine whether smaller
localised temperature rises could be responsible for the effects reported at much lower field intensities by
Tattersall et al [1].

MATERIALS AND METHODS: Extracellular field potential responses were recorded in hippocampal
slices prepared from adult rats. The slices were exposed to RF fields in a new parallel plate exposure
system [3], in which the E-field component was parallel to the slice. This produced better coupling of
the field into the tissue than the older system used in [1] and thus required a lower field intensity to
produce a given tissue SAR. This orientation of the E-field also reduced coupling of the RF into the
stimulating and recording electrodes [2]. To determine the effect of localised heating on field potential
responses, miniature resistive heating elements were constructed from 25pm diameter Teflon®-coated
Pt/Ir wire supported by a 1.5mm diameter glass capillary. These were placed within 100um of the
recording or stimulating electrode and heated by constant electric currents passed through the wires. The
heating elements were calibrated using an infrared camera (Jade, Cedip Infrared Systems).

RESULTS: In the system used in [1], exposure to 700MHz RF at a field intensity to produce a tissue
SAR of 4.5mW kg resulted in changes in the population spike amplitude similar to those previously
reported. In contrast, exposure in the new system with the same input power, which produced a higher
tissue SAR of 29mW kg™, had no effect on the population spike amplitude (Figure). Measurements with
the infrared camera confirmed there was no detectable electrode heating in the new system at this SAR.
Heating produced by the resistive elements near the recording or stimulating electrodes produced
changes in the field potential which were similar to those seen during RF exposure in the older system.
DISCUSSION: The results indicate that the effects reported by Tattersall et al [1] may be explained by
localised heating produced by interaction of the RF fields with the recording and stimulating electrodes.
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Effect of exposure to 700MHz RF field (solid bar) on population spike amplitude in the older
system (left, 45mW.kg") and the new system (right, 29mW .kg™")

This work was carried out as part of the Electronics Systems Research Programme for the Ministry of
Defence. © Crown Copyright Dstl, 2007.
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Introduction
Several anatomical whole body models for dosimetric computer simulations have been developed in
the past years. The majority of these models were developed using magnetic resonance (MR) or
computer tomographic (CT) images of adults, and only four whole body models of infants and
children exist [1]. The identification of the organs and tissue boundaries is a time consuming process
which can only partially be supported by automatic segmentation algorithms or image processing
software. The resolution of the original images often lies in the range of 2mm and above. Generally,
this resolution is retained during the discretization process, thereby defining the orientation of the
models in the computational domain as well as the dimensions of their smallest anatomical features.
Rotating or moving these models within the computational domain generally requires their
rediscretization, which leads to a further loss of detail.
Aim of the Work
The objectives of this study are the development of anatomical computer models of two adults and
two children of both sexes which are based on three-dimensional Computer Aided Design (CAD)
objects of all tissues and organs, acquired with high resolution MR imaging. This will allow the free
positioning of the models in the computational domain as well as their rediscretization at arbitrary
mesh resolutions without any loss of accuracy.
Methods and Results
After approval of the project by an ethics commission, two adults and two children were recruited as
volunteers for the MR-scans:

*  Adult male, 34 years, 1.74m, 70kg

*  Adult female, 26 years, 1.60m, 58kg

e @Girl, 11 years, 1.48m, 34kg

* Boy, 6 years, 1.07m, 17kg
The MR-scans were taken on a 1.5T Siemens Avanto TIM-System which allows the scanning of the
whole body without repositioning the patient. Three-dimensional acquisitions with resolutions
between 0.5 x 0.5 x 0.9mm”’ and 1.1 x 1.1 x 2.0mm’ were used depending on the region of the body.
In addition to the T2-weighted anatomical images, contrast-enhanced angiography was performed on
the adults and used as support for the identification of arteries and veins. Seventy-seven different
tissue types and organs are distinguished. A software toolbox has been developed for the
segmentation of the MR image data into tissue regions. It offers a wide selection of image processing
algorithms as well as pre- and postprocessing methods ranging from automatic to highly interactive.
Depending on tissue type, organ geometry, image modality and quality, the most suitable method can
be selected. Based on the segmented data, CAD objects are reconstructed for each organ and tissue
layer using 3-D modeling software. The whole body or selected organs or regions can then be
rediscretized in Cartesian grids at arbitrarily fine resolution and exported in a generic data format for
use, e.g., with finite-difference time-domain simulation software. The developed models will
overcome the restrictions of those currently existing with respect to numerical resolution and
anatomical details. They will be provided to the scientific community for research purposes.
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