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Overview

- Background
— Mobile Phones and Health
— Electroencephalography (EEG) and Sleep
— Mobile Phone Signals and Exposure Metrics

« RF EMF and the Brain

— Influence on sleep
— Current state of knowledge

* Future research and public health policy

ARPS 2014 ‘Radiation Protection: Drawing the Line’
Hobart, Australia, 26-29™" October, 2014



Mobile Phone Use is Ubiquitous... acabr | s,

Research
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...and Addictive!

Most would give up guilty pleasures

for their mobile phone TV/Movies
16%

Shopping
22%
Alcohol
45% 34% =
Car ‘u—— i )
J 8%
of respondents would be of respondents would
willing to give up alcohol be willing to Sex
give up chocolate 13%

Chocolate

34%



Mobile Phone Radiation & Human
Health Constantly in the Media

Lady Gaga says no to radiation from mobile phones



What is the Issue?

Increasing mobile phone use — increase in
concern and demand for scientific research

Particular focus on potential effects of RF
EMF on the human brain <

— Biological effects —
below current exposure limits/guidelines

Currently no biophysical
mechanisms capable of
justifying these concerns

ARPS 2014 ‘Radiation Protection: Drawing the Line’
Hobart, Australia, 26-29™ October, 2014
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How do we address this issue?

- Electroencephalogram (EEG)

— Simple, non-invasive technique that reflects synchronous activity
in cortical neurons

— Recorded from electrodes placed on the scalp

ARPS 2014 ‘Radiation Protection: Drawing the Line’
Hobart, Australia, 26-29™" October, 2014



Why use the EEG?

Wake

REM

NREM 1

NREM 2

NREM 3

NREM 4

Well-characterised

Correlated with vigilance state and
cognitive functioning/processing during
waking

Reflects different stages of sleep
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High Intra-Individual Stability acebr
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Mobile Phone: Signal Characteristics '
and Exposure Metrics acebr
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* Global System for Mobile Communications (GSM) « Specific Absorption Rate
— Carrier Frequency: 900 MHz/1800 MHz (SAR)

* Pulse Modulation
— 2 Hz (Discontinuous transmission, DTX)
— 8 Hz (Multi frame structure)

— 217 Hz (GSM pulse repetition rate)

Power Spectrum
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Effects of RF EMF on Sleep and the
EEG




Early Report of RF EMF Effects on
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Introduction

The widespread use of global system for mebile com-
munications (GSM) cellular phones has cnrolled detailed
investigations of possible health risks by ficld interactions
with biological sysicms [1-4].

due to global awum for mobile communications (GSM)
signals have shown a hypnotic and REM-suppressive
effect under field exposure. This effect was observed ina
first study using a power flux dersity of 0.6 W/m?, and
the same trend occurred in a second study with a power
flux density of 0.2 Wim?, For the present study, we
applied a submaximal power flux density of 60 Wim?. To
investigate putative effects of radic frequency electro-
magnetic fields [EMFs) of cellular GSM phones on hu-
man sleep EEG pattem, all-night polysomnographies of

j i i exposure
1o a circularty polarized EMF (900 MHz, pulsed with a fre-
quency of 217 Hz, pulss duration 577 pis) were recorded,
Tha results showed no significant effectofthe fisld appli-
cation either on conventional slesp parametsrs or on
slesp EEG power spectra.

CopyAght 83006 8. Kargur AD, Basel

In a previous i i n our skecp hb-
oratory [5). a iu'pvllldu:lng cffect with shortening of
onset latency and suppression of mpid eye move
ment lllEM}skep was reported. In a subsequent study,
these findings could not be replicated in a statistical sense
when standardized conditions were used [6]. although a
tendency towards REM suppression was observed also.
Since for the first investigation the power fluz density was
estimated to be 0.5 Wim? - and might have been cven
higher due 1o inhomogeneitics and uncontrolled external
reflections of the lincarly polarized field [7] - the discrep-
ancy in comparison with the results of the second study
0,2 W/m®) was discussed as a possible dosedependent
effect

In order to evaluate these dose-dependent effects in
question, the present investigation was designed using
considerably higher power flux densitics, The electromag-
netic ficlds(EMFs), with a froquency of 000 MHz, pulscd
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EEG power density (field % of sham)

Pulse Modulated RF EMF Affects

Non-REM Sleep EEG

base-station-like RF EMF

Exposure during sleep
experiment 1

Exposure prior to sleep

experiment 2
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handset-like RF EMF

experiment 3
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Independent of Side of Exposure acebr I

Effect iIs Dose-Dependent and
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Effect Independently Replicated D( | e
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Sensitive to Individual Variability
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Pulse Modulation of Signal Important acabr |:=
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Relative Power Spectra
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RF EMF and Sleep EEG:

v

Summary of Previous Research acebr

Mann & Roschke 1996
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Mann et al 1998

Wagner etal 1998
Borbely et al 1999
Wagner etal 2000
Huber et al 2000
Huber et al 2002
Loughran et al 2005

Hinrichs et al 2005
Fritzer et al 2007
Hung et al 2007

Regel et al 2007
Lowden et al 2010
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Why The Variation?

Differences in exposure Magnitude of effect

parameters — Sample size

— Exposure conditions% of(;[en ill-defined
Dosimetry not specifie ot
Single-blind conditions / no blinding StatIStI(?S _
Variable exposure conditions across — Multiple Comparisons
studies (studies not comparable)

Individual Variability
Differences in study design

— Cognitive tasks

— Sleep measurements

— EEG recordings

— Between subjects vs. within subjects
design

ARPS 2014 ‘Radiation Protection: Drawing the Line’
Hobart, Australia, 26-29™" October, 2014



Summary of Current State of

Knowledge

« Exposure to pulse-modulated RF EMF affects:
— Non-REM sleep EEG (spindle and alpha frequency ranges)

*  Pulse modulation critical for RF EMF-induced EEG effect

— Critical field parameters associated with the effects unknown
— Frequency of pulse modulation appears to be non-specific

«  RF EMF effects:

Outlast exposure
— Independent of exposure side
— May be dose-dependent
— Large individual variability

ARPS 2014 ‘Radiation Protection: Drawing the Line’
Hobart, Australia, 26-29"" October, 2014



“1 think you should be more explicit here in
step two.”

ARPS 2014 ‘Radiation Protection: Drawing the Line’
Hobart, Australia, 26-29" October, 2014



Uncertainties and Ramifications

* No consistent behavioural effects, but...
— Consistent physiological effects (EEG)
— Problematic for

« International Standards (assumes only biophysical mechanism through
which RF can affect the body is thermal)

 Risk Communication

- Even greater level of uncertainty
— 1 public concern

— Effects not clearly related to health, but public still want to know how these
effects are taken into account
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« Consistent, repeatable effects of RF EMF exposure on brain activity

- Effects occurring at exposure levels lower than current international
guidelines

« Mechanisms, and potential ramifications, of effects unknown

- How to incorporate these effects and uncertainties into international
standards, and appropriate risk communication, still needs to be
addressed

* WHO high research priorities:
— ldentify neurobiological mechanisms underlying these effects
— Investigate potential sensitivity in children and adolescents
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IF YOU'RE WORRIED ABOUT THE DANGERS
OF MOBILE PHONES ... WHY PON'T Yoo JUST
USE IT LESS L
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