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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
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Mobile Phone Use is Ubiquitous…



…and Addictive!
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Mobile Phone Radiation & Human 
Health Constantly in the Media
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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
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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
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Why use the EEG?

• 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

Buckelmüller et al., 2006

NREM Sleep



Mobile Phone: Signal Characteristics 
and Exposure Metrics

• Global System for Mobile Communications (GSM)
– Carrier Frequency: 900 MHz/1800 MHz

• Pulse Modulation
– 2 Hz (Discontinuous transmission, DTX)
– 8 Hz (Multi frame structure)
– 217 Hz (GSM pulse repetition rate)

• Specific Absorption Rate 
(SAR)



Effects of RF EMF on Sleep and the 
EEG



Early Report of RF EMF Effects on 
Sleep

Presentation/Meeting Name
Location and Date
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Effect is Dose-Dependent and 
Independent of Side of Exposure
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Regel et al., 2007
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Effect Independently Replicated
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Loughran et al., 2005

SAR = 0.674 W/kg



Sensitive to Individual Variability
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*p<0.05

*

n=20
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Pulse Modulation of Signal Important

ARPS 2014 ‘Radiation Protection: Drawing the Line’

Hobart, Australia, 26-29th October, 2014

in
 w

ak
in

g 
be

fo
re

 s
le

ep
 o

ns
et

0 5 10 15 20 25

90

95

100

105

110

115

in
 s

ta
ge

 2
 s

le
ep

frequency (Hz)

0 5 10 15 20 25

p-value

0.10

0.05

0

p-value
0.10

0.05

0
EE

G
 p

ow
er

 (%
)

80

100

120

140

160

180 cw/shama b

c d

pm/sham

R
es

tin
g

S
le

ep
E

E
G

 P
ow

er
 

(%
)

PM CW

Huber et al., 2002

SAR = 1 W/kg



Specificity of Pulse Modulation
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Stage 2, Non-REM sleep, 

2nd sleep cycle

Absolute Power Spectra Relative Power Spectra

n=29

Schmid et al., 2012



RF EMF and Sleep EEG: 
Summary of Previous Research

REM sleep

NREM sleep



Why The Variation?

• Differences in exposure 
parameters

– Exposure conditions often ill-defined 
– Dosimetry not specified
– Single-blind conditions / no blinding
– Variable exposure conditions across 

studies (studies not comparable)

• 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, 26-29th October, 2014

• Magnitude of effect
– Sample size

• Statistics
– Multiple Comparisons

• Individual Variability



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
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Major Uncertainties and Health Policy
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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
– ↑ public concern
– Effects not clearly related to health, but public still want to know how these

effects are taken into account



Summary

• 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:
– Identify neurobiological mechanisms underlying these effects
– Investigate potential sensitivity in children and adolescents
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Thank you for your attention…


