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Welcome and introduction

Dr Jack Rowley
Senior Director, Research & Sustainability
GSMA
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Evolution of 5G EMF narrative

Mobile phones and health: is 5G being rolled out too

2019 fast?

European countries are rolling out 3G mobile communications at breakneck speed as
they seek to gain a competitive edge over the US and Asia. But some scientists have

raised questions about the effects of 5G mobile phone radiation on public health and
are calling for a precautionary approach

THE CONVERSATION

Academic rigour, journalistic flair

5G doesn’t affect your health - here are 5
points to put your mind at ease

Published: July 9, 2024 11.57am CEST

2024

GSMA
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https://www.computerweekly.com/feature/Mobile-phones-and-health-is-5G-being-rolled-out-too-fast
https://theconversation.com/5g-doesnt-affect-your-health-here-are-5-points-to-put-your-mind-at-ease-233947

Authorities: no health risk expected from 5G

© GSMA 2024

Body of European Regulators
for Electronic Communications

EREC ICNIRP)
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Assessments: RF-EMF levels remain low with 5G

5G RF-EMF Surveys a0

Global results demonstrate low 5G levels of international public limit

GSMA

35 countries, including Sources 61 surveys
O ELE]
e Netherlands

New Zealand
Mid-band High-band
(1-6 GHz) (>6 GHz)

16 9 32

Academia Operator Government
surveys surveys & regulator
surveys

Saudi Arabia
Indoor
@ South Korea small cell

Survey types

@ switzerland Measurements conducted
Sy on commercial and trial

networks using normal and 5G EMF levels ac:;nss all sur\fys
&8 Luxembourg high data rate traffic | ] ‘ 0.0000005% to 8.5%

@ (W EIEVHE % USA v  Of public limit

© GSMA 2024



https://www.gsma.com/solutions-and-impact/connectivity-for-good/public-policy/regulatory-environment/emf-and-health/safety-of-5g-networks/5g-emf-surveys

Science: recent studies provide reassurance

€ Published: 08-03-202413:15 | Updated: 08-03-2024 16:35

Mobile phone users who talk for a long
time do not have an increased risk of brain
tumours

© GSMA 2024

4 Sep 2024

WHO review finds no link
between mobile phone use and
brain cancer

A World Health Organization commissioned
systematic review into the potential health effects
from radio wave exposure finds no association

between mobile phone use and head cancers.

GSMA


https://news.ki.se/mobile-phone-users-who-talk-for-a-long-time-do-not-have-an-increased-risk-of-brain-tumours
https://www.arpansa.gov.au/who-review-finds-no-link-between-mobile-phone-use-and-brain-cancer

GSMA

Learnings from Five Years

of 5G EMF

After five years of rapid rollout of commercial 5G, measurements in 35
countries demonstrate that typical electromagnetic field (EMF) levels across
all frequency bands are similar to those of other wireless technologies.
Importantly, they remain a small fraction of international limits. By adopting
the latest international limits and testing methods countries can ensure
protection for all persons from all potential health hazards while at the same
time maximising the benefits of 5G connectivity.

5G rollout

Rapid user adoption with capabilities

still unfolding

Use of existing and new radio frequency

bands

Forecast to be 56% of connections

by 2030

4G launch 7% of connections 2019 5G launch | 2024 23% of connections

FiM radio E

5G is designed to support new applications

through higher data speeds, faster

response times and higher reliability, and a

larger number of connected devices, thus

expanding the Internet of Things (loT).

Mobile networks Mobile networks

2G/3G/4G/5G

roadcast TV

5G mmWave

International EMF
guidelines

= |CMIRP guidelines updated in
2020 incorporated 20+ years
of more research and feedback
from 120 organisations

* Protect all persons against
all potential adverse
health effects

« Adoption momentum building

2G/3G/4G/5G EMF limits
similar for mobile
naetworks and devices

6 GHz

© GSMA 2024

Updates for

6 GHz+

Evolution of EMF assessments

Active antennas use
RF-EMF more

IEC and ITU standards
provide accurate underway

Implementation

efficiently assessment methods globally

ICNIRP MNational IEC/ITU

exposure RF-EMF
guidelines policy

Low EMF levels:

~l¢ Data for »20 years shows that
U everyday mobile network
levels remain low

h Technology evolution has not
_; significantly changed levels

':Q Results from 61 surveys across

35 countries show that 5G
levels are similar to other
wireless technologies

Experts identify no health risks

= The ICNIRP 2020 RF EMF guidelines profect
against all potential adverse health effects
relating to exposure to RF EMF, including from
56 technologies.” - ICNIRP®

ICNIRP conclusions supported by natlonal
experts from countries around the world

Over 4,300 studies specific to mobile
communications

All data and further analysis found at:

L hitpeyf Ferswrs Jonirpaorg en el ombom " S Simck e bl
I, b e avhoonl nees - reoiTy ot o ro-arc-ara wers) em S reclabor- Sg-mecbils- naftwecris-and- lsa R

compliance
standards

5G maximum EMF levels

of international public limit

“Provided that the
overall exposure
remains below
International
guidelines, no
consequences for
public health are
anticipated.”

The World Health Organizations

October 2024

GSMA infographic

GSMA



https://www.gsma.com/solutions-and-impact/connectivity-for-good/public-policy/wp-content/uploads/2024/09/EMF-Forum-2024-Infographic.pdf

Progress of the international
Cohort Study of Mobile Phone Use
and Health (COSMOS) study

Prof Maria Feychting
Institute of Environmental Medicine,
Karolinska Institute, Sweden

© GSMA 2024 CE1=)\V VAN
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COSMOS - Cohort Study of Mobile Phone

Use and Health — an update

Maria Feychting, PhD

Professor of Epidemiology

Head, Unit of Epidemiology, Institute of Environmental Medicine, Karolinska
Institutet
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Our thanks to:
« COSMOS study participants

 Mobile phone network operators in Denmark, Finland, France, the Netherlands, Sweden and the UK
for allowing invitation of their subscribers and/or provision of operator traffic data.

Project Funding:
« All funding sources are listed in detall in Feychting et al, Environment Int, 2024

« COSMOS was funded through grant applications to publicly funded research councils or
organizations, undergoing the same rigorous and competitive evaluation process as other research
grant applications. In some countries, industry complemented the funding either through national
research programs led by public authorities without any influence from industry, or by using trusted
public authorities as a firewall, with agreements that guaranteed the independence of the
researchers.

* |tis reasonable that industry contribute to the costs of research into potential health effects of
their products, as long as it can be guaranteed that they have no influence on the conduct of the
research, and this independence was fully the case in COSMOS.

Karolinska Institutet - a medical university 10/10/2024 10



Background and aim

 Aim: toinvestigate possible health risks
associated with long term use of mobile
phones and other wireless technologies

 Complements previous research, by
addressing research gaps highlighted by the
WHO regarding long-term mobile phone use
and the need for prospective studies

* Major limitations of the case-control studies:

- Retrospective collection of exposure
Information through interviews or
guestionnaires - differential recall between
cases and controls (recall bias)

- Selection bias from nonparticipation

Karolinska Institutet - a medical university

COSMOS

10/10/2024
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Prospective cohort study

Study
population

Historic exposures

AN

& .
Baseline|
-
3

_5”/ Follow-up period
:_l Cancer registers ﬁpopulation registers =

Questions on current & historic
phone use asked prior to disase

Karolinska Institutet - a medical university 10/10/2024 12



Case-control study

EdEd Es Controls
Study ﬁlﬁl\ ﬁ selected from
population m m m study population
0O 00O

Historic exposures

o —= =Rlext of kin
LVMVD =
o E =% =4 ﬁ

>
[ ]
5

Follow-up period
Cancer registers ﬁpopulation registers =

—& ° ° °
:—/\ Questions about historic exposures

asked after disease diagnosis

Karolinska Institutet - a medical university 10/10/2024 13




Case-control study

Historic exposures

~1987

Study
population

O O OO

Karolinska Institutet

- a medical universit

Follow-up period
Cancer registers ﬁpopulation registers =

Controls
O 019\\
m[m/ \

Pall

I

Historic
phone use

10/10/2024 14



START RECRUIT
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END RECRUIT | ] A A 2040
552
i
\ )
REPEAT QUESTIONNAIRE V
AN é
Cohort:
300.000+ The Cosmos

" Questionnaire —Every ~4 Years

DATA

| Public Registers
(Country Dependent)

On demand

Mobile Phone
Usage Dato

Yearly

Schliz et al, Cancer Epidemiol, 2010



COSMOS Designfeatures

» Optimized sampling strategies in cohort recruitment

.
-~ new cohorts: oversampling of low & high users from operator records m

- nested cohorts: sampling within a large-scale population cohorts = I]

« Structured questionnaires not allowing for reporting of implausible values

» Operator records to validate self-reported information for at least subsets of
the cohort

e Questionnaires before the outcomes of interest occur

Schiz et al, Cancer Epidemiol, 2010

Karolinska Institutet - a medical university 10/10/2024 16



COSMOS Braintumor analyses

Country Participants Person-years | Gliomacases | Meningioma Acoustic
neuroma

Denmark 25,768 194,193

Finland 11,209 51,189 1 3 2

Sweden 50,163 413,379 36 25 7

Netherlands 37,689 391,652 31 22 6

United Kingdom 94,335 /86,066 65 29 12
TOTAL 269,164 1,836,479 149 89 29

Feychting et al, Environment Int, 2024

Karolinska Institutet - a medical university 10/10/2024 17



COSMOS

Main results

Hazard ratios (HR)" and 95% confidence intervals (CI) for the association between cumulative hours of mobile phone call-time and glioma, meningioma, and acoustic

neuroma, COSMOS cohort.

Glioma Meningioma Acoustic neuroma

MNo. cases” HR (95 % CI) No. cases HR (95 % CI) No. cases” HR (95 % CI)
Regression calibrated cumulative hours
<464 66 1 (ref) 48 1 (ref) 12 1 (ref)
464-1061 36 0.99 (0.64-1.52) 13 0.57 (0.27-1.22) 8 0.97 (0.05-17.54)
=1062 38 0.92 (0.58-1.44) 24 1.08 (0.49-2.35) 8 0.86 (0.29-2.53)
Linear effect per 100 h 1.0 (0.98-1.02) 1.01 (0.96-1.06) 1.02 (0.99-1.06)
Uncalibrated cumulative hours"
<301 72 1 (ref) 51 1 (ref) 12 1 (ref)
301-962 37 0.98 (0.64-1.51) 11 0.51 (0.26-0.99) 8 1.30 (0.27-6.42)
=963 31 0.77 (0.49-1.22) 23 1.14 (0.47-2.76) 8 1.09 (0.39-3.05)

Linear effect per 100 h

1.00 (0.98-1.02)

1.01 (0.98-1.04)

1.02 (0.99-1.05)

Cutpoints at the median and 75 percentile

Karolinska Institutet - a medical university

Feychting et al, Environment Int, 2024

10/10/2024 18



COSMOS Additional analyses of glioma

Results when using the 90t percentile as highest exposure cut-point:
* HR=1.07 (95 % Cl 0.62—-1.86) for 21908 regression calibrated cumulative hours (20 cases)

* HR=0.96 (95 % Cl 0.54-1.71) for 22168 uncalibrated cumulative hours (17 cases)

* No indication of increased risk, but statistically imprecise results

Karolinska Institutet - a medical university 10/10/2024 19



COSMOS Discussion — brain tumor results

* The longest latency possible was ~ 30 years

- Almost a third of the COSMOS study population had used a mobile phone 15 years
or longer

— Results showed no increase in tumor risk associated with time since first use

* |mproved exposure assessment compared to previous cohort studies

- Detalled prospective information about amount of phone use since start of use,
combined with operator data

- Handsfree use, incl. changes over time

* Methodologically superior to case-control studies
- No differential recall bias — data collected prior to disease occurrence
- No selection bias — complete follow-up of all participants

Karolinska Institutet - a medical university 10/10/2024 20



COSMOS Discussion — cont.

* Longer follow-up is needed to increase precision of risk estimates
- Especially for acoustic neuroma (vestibular schwannoma) and meningioma

* Longer follow-up to assess potential effects after even longer latencies
- Using updated exposure information from repeat questionnaires and operator data

Karolinska Institutet - a medical university 10/10/2024 21



Conclusions

« COSMOS overcomes several of the limitations of both past cohort and past
case-control studies

 FEarlier cohort studies show no associations overall - consistent with
COSMOS

- But these studies are less informative for heavy mobile phone users
* Interphone case-control study found association only among heaviest mobile
phone users

- Likely a result of differential recall of past mobile phone use between glioma
patients and controls (see Vrijheid et al, J Expo Anal Env Epidemiol 2008; Bouaoun et al., Epidemiology 2024)

* Some case-control studies showing positive results are incompatible with
the age- and sex-specific time trends of glioma in the same populations and
therefore not informative

Karolinska Institutet - a medical university 10/10/2024 22



Future perspective

COSMOS

* Ongoing analyses of CVD,
reproductive outcomes

* Further updates in health data
registers — longer follow-up

- E.g. cancer, neurodegenerative
diseases, etc

« Additional repeat questionnaires

- More details on new RF exposure
patterns

- Update of information on soft
outcomes (headaches, sleep, etc)

Karolinska Institutet - a medical university

Other efforts

Continue to follow brain cancer
Incidence trends In high quality
cancer registers

Monitor RF exposure levels and
sources In the population

- E.g. ongoing EU funded projects

Not recommended:
— Further case-control studies

10/10/2024
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Progress of SEAWave within the
CLUE-H research cluster

Prof Theo Samaras
Aristotle University of Thessaloniki, Greece,
coordinator of SEAWave, and member of
the European Commission Scientific
Committee on Health, Environmental and
Emerging Risks (SCHEER)

© GSMA 2024 CE1=)\V VAN



European Cluster EMF and Health

Progress of SEAWave within
the CLUE-H research cluster

This cluster comprises four projects that have received funding from the European Union’s Horizon Europe
research and innovation programme: ETAIN (101057216), GOLIAT (101057262) NextGEM (101057527), and The GSMA 13th EMF Forum, October 1st, 2024
SEAWave (101057622).
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EUROPEAN CLUSTER
EMF AND HEALTH

SN

www.emf-health-cluster.eu

ABOUT WORKING GROUPS ~

Members

CLUE-H Identity

NEWS AND EVENTS RESOURCES CONTACT US

The CLUE — H cluster

Uniting four research initiatives in one large cluster will help create
synergies and amplify the effort of individual research initiatives.

ﬁ._?/"
SEAWave

( LEARN MORE )

®nextcem NGOLAT



www.emf-health-cluster.eu VAV,

CLUE -

EUROPEAN CLUSTER
EMF AND HEALTH

ABOUT WORKING GROUPS v NEWS AND EVENTS RESOURCES CONTACTUS INTRANET

Working groups:

Science translation for = WGH1: Science translation for policy and practice
policy and practice
= WG2: Data management and exchange

The working group science translation for
My [ omshante e = \WWG3: Communication and Dissemination

production of the policy strategy of the cluster
and the policy briefs.

= WG4: Experimental studies

The objectives of WG1 include:

— Synthesizing Scientific Knowledge: The s \WG5: Exposu re assessment
; translation of science to policy aims at
compiling and synthesizing the existing

)

3 ETAIN 5 GOLAT #/NextGEM SEAWaGVe

5G EXPOSURE, CAUSAL EFFECTS, AND RISK PERCEPTION THROUGH CITIZEN ENGAGEMENT

Theodoros Samaras - Progress of SEAWave within the CLUE-H research cluster The GSMA 13th EMF Forum, October 1st, 2024



Scientific-based Exposure and risk Assessment of radiofrequency and

mm-Wave systems from children to elderly (5G and Beyond)
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Scientific-based Exposure and risk Assessment of radiofrequency and

mm-Wave systems from children to elderly (5G and Beyond)

WP11 Project and Consortium Management

Kick-off meeting and co-design Workshop

V }
/ WP2 \\ ( WP1 N
Exposure from Exposures from
New 5G Local [ 5Gvs.2G-4G |« e \ 4 ~
Networks in Cellular WP5
Workplaces Networks Macro/- and
I </v\ I / Microdosimetry
in Human and
WP3 4 WP4 A / Murine Skin y
Exposure Exposure } 'Y \
o P
Monitoring from Assessment of e ~N | ~
5G MaMIMO End User WP WP7
Base Stations Devices ;
\_ L J FR2 Health Risk  |<ls FR2 Health Risk
Study — In Vivo Study —
¥ SEAWave-Clin
\ 2 N / /
L
l> ~
WPS8
FR2 Health Risk
Study = In Vitro
N Y, l
v v v v
WP9 Risk Assessment

!

WP10 Risk Communication
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Monitoring of environmental EMF EMF AND HEALTH
| | _
_ - —— | Median values do not vary
BB i i significantly across Europe
10 - | : | -
- i i S
: ' l == - ' |
' | | | ' |
- ' | | | ' | .
' | | | ‘ |
l | | | |
E | | | :
> : |
"J |
E 1¢ | .
w l | ' :
| i i i ———
I | | ? |
I : | 1 | : | |
| | | |
I | 1 |
0.1 | 1 : E
l 1 1 :
| | | | | |
Greece Romania Serbia France-Belgium Catalonia Aggregated-Europe

lakovidis, S.; Apostolidis, C.; Manassas, A.; Samaras, T. Electromagnetic Fields Exposure Assessment
in Europe Utilizing Publicly Available Data. Sensors 2022, 22, 8481. https://doi.org/10.3390/s22218481

Theodoros Samaras - Progress of SEAWave within the CLUE-H research cluster The GSMA 13th EMF Forum, October 1st, 2024



Monitoring of environmental EMF
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SEAWave
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lakovidis, S.; Apostolidis, C.; Manassas, A.; Samaras, T. Electromagnetic Fields Exposure Assessment
in Europe Utilizing Publicly Available Data. Sensors 2022, 22, 8481. https://doi.org/10.3390/s22218481

Theodoros Samaras - Progress of SEAWave within the CLUE-H research cluster

The GSMA 13th EMF Forum, October 1st, 2024
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Monitoring of environmental EMF EMF AND HEALTH

apow 8- ow Number of probes Name of city or
Largeur < 14.5 cm conurbation authority
Poids < 650 g -
5 Lille Métropole
9 Paris
19 Massy
4 Grand Paris Sud
7 Orléans Métropole
8 Eurométropole de Strasbourg
2 3 Mulhouse
10 Rennes
50 Nantes Métropole
33 Bordeaux Métropole
3 Marseille

Ourouk Jawad; Emmanuelle Conil; Jean-Benoit Agnani; Shanshan Wang; Joe Wiart. Monitoring of the exposure to electromagnetic
fields with autonomous probes installed outdoors in France. Reports. Physics, Online first (2024), pp. 1-21. doi:10.5802/crphys.182

Theodoros Samaras - Progress of SEAWave within the CLUE-H research cluster The GSMA 13th EMF Forum, October 1st, 2024
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Monitoring of environmental EMF
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Principal Component Analysis (PCA) identifies two main components:
(a) Month
(b) Number of antennas around sensor
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Ourouk Jawad; Emmanuelle Conil; Jean-Benoit Agnani; Shanshan Wang; Joe Wiart. Monitoring of the exposure to electromagnetic
fields with autonomous probes installed outdoors in France. Reports. Physics, Online first (2024), pp. 1-21. doi:10.5802/crphys.182

Theodoros Samaras - Progress of SEAWave within the CLUE-H research cluster

The GSMA 13th EMF Forum, October 1st, 2024
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Monitoring of environmental EMF

(a) (b) (c)

(a) Adalm Pluto SDR; (b) WAVES sensor; (c) S3R sensor.

CLUE —

EUROPEAN CLUSTER
EMF AND HEALTH

The study compared low-cost hardware sensors and
software defined radio (SDR) sensors with
expensive verified measurement setups consisting
of spectrum analyzer equipment for RF-EMF
radiation.

The variablility between the sensors was 1.78 dB on
average, with a maximum deviation of 5.26 dB.

It must be kept in mind that these RF-EMF sensors
only measured one vector component (purpose of
temporal monitoring) of the field, and therefore, the
given field will be an underestimation of the total field
at that measurement location.

Deprez, K.; Colussi, L.; Korkmaz, E.; Aerts, S.; Land, D.; Littel, S.; Verloock, L.; Plets, D.; Joseph, W.; Bolte, J.
Comparison of Low-Cost 5G Electromagnetic Field Sensors. Sensors 2023, 23, 3312. https://doi.org/10.3390/s23063312

Theodoros Samaras - Progress of SEAWave within the CLUE-H research cluster

The GSMA 13th EMF Forum, October 1st, 2024
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Monitoring of environmental EMF & EMF AND HEALTH
Exposure assessment

Environmental Research 260 (2024) 119524

s L

Contents lists available at ScienceDirect

environmental,

Environmental Research

FR journal homepage: www.elsevier.com/locate/envres

Review article o.)
A comprehensive review of 5G NR RF-EMF exposure assessment (=
technologies: fundamentals, advancements, challenges, niches, and

implications

Erdal Korkmaz #:*, Sam Aerts?, Richard Coesoij °, Chhavi Raj Bhatt ¢, Maarten Velghe ¢,
Loek Colussi °, Derek Land #, Nikolaos Petroulakis ‘, Marco Spirito ", John Bolte ¢

* The Hague University of Applied Sciences, Research Group Smart Sensor Systems, 2627 AL, Delft, The Netherlands

b Delft University of Technology, Department of Microelectronics, 2628 CN, Delft. The Netherlands

¢ Australion Radiation Protection and Nuclear Safety Agency, VIC 3085, Yallambie, Australia

d National Institute for Public Health and the Environment, Centre for Sustainability, Environment and Health, 3720 BA, Bilthoven, The Netherlands
* Dutch Authority for Digital Infrastructure, 9700 AL, Groningen, The Netherlands

'Institute of Computer Science, Foundation for Research and Technology-Hellas, 70013, Heraklion, Greece

ARTICLE INFO ABSTRACT

Keywords: This review offers a detailed examination of the current landscape of radio frequency (RF) electromagnetic

Ei cmasas as.adla = LI | FETEE SR

Theodoros Samaras - Progress of SEAWave within the CLUE-H research cluster The GSMA 13th EMF Forum, October 1st, 2024
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Downlink — Transportation

B /00DL
EEE GS00DL
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=04 3500TDD
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Scenanns

Y. Zhang et al., "Statistical Analysis of RF-EMF Exposure Induced by Cellular Wireless Networks in Public Transportation Facilities
of the Paris Region," in IEEE Access, vol. 12, pp. 79741-79753, 2024, doi: 10.1109/ACCESS.2024.3410090
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W. B. Chikha et al., "Assessment of Radio Frequency Electromagnetic Field Exposure Induced by Base Stations in Several Micro-
Environments in France," in IEEE Access, vol. 12, pp. 21610-21620, 2024
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Exposure assessment EMF AND HEALTH
Uplink — User
TABLE 1: Measurement protocol
Nemo Commands User Posture Time Attempt Timeout 5.1 . #
Voice Call . [ min 30 s N A
WhatsApp Voice Call Ear-Holding I min 30 s VAL-D'OISE ﬁi -
WhatsApp Video Call | . .. . | min 30s . -
FTP Data Upload S "<5min | 30s 49.0 - L /S
If 5G 1s available, continue with 5G being disabled. Otherwise, stop. | J_‘,'r \
WhatsApp Voice Call | Ear-Holding I min 30s :/,f / senE-sanT.DENIS )
WhatsApp Video Call L I min 30s 48.9 - f.:" . — ;
FTP Data Upload Face-Viewing i——s= o 1307 = ! T 1 L
£ HAUTS; DE-SEINE :F"“?E: Y ::.f*"‘wxl ? -
TABLE 3: Number of valid measurements for each tested 3 YVELNES L R N
. 48 8 - . 9 " SEINE-ET-MARME
SCIVICC '““:h:\\ ' VAL-DE-MARNE
el F s ; , )
| Number of 2G| 3G | 4G | 5G ) '} U %
Service | Valid . : . : 48.7 - A w4
exists | exists | exists | exists ' g -,
Measurements /! -
Voice 378 | 48 330 ‘C; E5SONNE ”'*.;
VoIP 361 0 5 356 261 Y, 1:1
Video 362 0 3 359 273 45'52_43 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9
FTP 361 0 4 357 266 Latitude

J. Liu et al., "Assessment of EMF Exposure Induced by Wireless Cellular Phones in Various Usage Scenarios in France," in IEEE Access, doi: 10.1109/ACCESS.2024.3424305.
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FIGURE 9: Box-plot of TX power during WhatsApp video
calls, LTE and NR represent band 2600 MHz and 3500 MHz

respectively
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FIGURE 12: Box-plot of TX power during FTP, LTE and NR
represent band 2600 MHz and 3500 MHz respectively

J. Liu et al., "Assessment of EMF Exposure Induced by Wireless Cellular Phones in Various Usage Scenarios in France," in IEEE Access, doi: 10.1109/ACCESS.2024.3424305.

Theodoros Samaras - Progress of SEAWave within the CLUE-H research cluster

The GSMA 13th EMF Forum, October 1st, 2024



e~
SEAWave cﬁy

EUROPEAN CLUSTER
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Uplink — User

= The study analyzed different ways of placing a voice call, such as VoCS, VoLTE, and VolP, with
WhatsApp being used for VolP. The Tx power and throughput behavior were compared for each
band and technology with 5G enabled and disabled.

= More than 90% of the duration for all three forms of voice calls was conducted on 4G and beyond
technology, with the usage of 3G in voice calls being barely less than 10%.

= Tx power in 5G bands is generally lower than in other bands, while throughput is higher.

= The analysis of throughput during video calls and FTP uploads has shown a lower radiated energy
per bit transmitted (REBT); for file uploading it was 9.65 mJ/Mb for 4G and 5.1 mJ/Mb for 5G.

J. Liu et al., "Assessment of EMF Exposure Induced by Wireless Cellular Phones in Various Usage Scenarios in France," in IEEE Access, doi: 10.1109/ACCESS.2024.3424305.
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EXpOSUFG assessment 1 Raw measurements EMF AND HEALTH
Exposure prediction in urban environment using Al | — Fitered measurements

B

W

E field (V/m)

MJ

1000 1500 2000 2500
Measurement point

| RF-EMF map construction

Location (X, ¥)

Cartoradio

Openstreatmap

Step 1

W. B. Chikha, S. Wang and J. Wiart, "An Extrapolation Approach for RF-EMF Exposure Prediction in an Urban Area Using Artificial
Neural Network," in IEEE Access, vol. 11, pp. 52686-52694, 2023, doi: 10.1109/ACCESS.2023.3280125
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Exposure assessment EMF AND HEALTH
Exposure prediction in urban environment using Al

Feature Description Data Source
I A Geo Tracker
f2 Y
I3 Measurement hour Computer connected to Tektronix
L/ Density of surrounding buildings
Is Height of closest building Openstreetmap: https://overpass-turbo.cu/
{6 Distance to closest building
Iz Number of active bands inside a circle centered at each MP with a radius of 160 m
s | Number of active antennas inside a circle centered at each MP with a radius of 160 m

19, i={1.....16) Distance to first 10 closeat sites Cartoradio: https://www.cartoradio.fr/

fi0.i= (1....16)} | Average height of active antennas for the first 16 closest sites
fi1.i={1....163 | Number of active bands for the first 16 closest sites
f12.i={1.....16y | Number of active antennas for the first 16 closest sites

E_fiald Proposed moving Filtered E_field

Predicted
RF-EMF map construction=="r=0

Location (X, ¥)

Cartoradio Step 2 Step 3

Openstreatmap

Step 1

W. B. Chikha, S. Wang and J. Wiart, "An Extrapolation Approach for RF-EMF Exposure Prediction in an Urban Area Using Artificial
Neural Network," in IEEE Access, vol. 11, pp. 52686-52694, 2023, doi: 10.1109/ACCESS.2023.3280125
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Feature

Description

fa

Density of surrounding buildings

f5

Height of closest building

fe

Distance to closest building

fr

Number of active bands inside a circle centered at each MP
with a radius of 160 m

foo

Distance to second closest site

fo3

Distance to third closest site

f10.1

Average height of antennas for the first closest site

fi1,3

Number of active bands for the third closest site

E_fiald Proposed moving Filtered E_field

average method

Location (X, ¥)

| RF-EMF map construction

Cartoradio |
Openstreatmap

Step 1

W. B. Chikha, S. Wang and J. Wiart, "An Extrapolation Approach for RF-EMF Exposure Prediction in an Urban Area Using Artificial
Neural Network," in IEEE Access, vol. 11, pp. 52686-52694, 2023, doi: 10.1109/ACCESS.2023.3280125
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Relu | . Y :. .
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W. B. Chikha, S. Wang and J. Wiart, "An Extrapolation Approach for RF-EMF Exposure Prediction in an Urban Area Using Artificial

Neural Network," in IEEE Access, vol. 11, pp. 52686-52694, 2023, doi: 10.1109/ACCESS.2023.3280125

The GSMA 13th EMF Forum, October 1st, 2024
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Exposure assessment EMF AND HEALTH
Exposure prediction in urban environment using Al

1.0 —
Testing set vyl
—— Predicted measurements E_;---*"'J
0.8 Filtered measurements -
Ve

0.6
LI_ ;l..-'l
O

0.4

_-"Ffr-;l‘.-.
0.2
.-"rr__-l
J RMSE = 0.33V/m
0.0'

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
E_field (V/m)

W. B. Chikha, S. Wang and J. Wiart, "An Extrapolation Approach for RF-EMF Exposure Prediction in an Urban Area Using Artificial
Neural Network," in IEEE Access, vol. 11, pp. 52686-52694, 2023, doi: 10.1109/ACCESS.2023.3280125
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Dose calculator

Call with a mobile phone step 1 of 8 Contribution of different sources compared to the average public exposure (red bar)

This figure shows your personal exposure compared to average public exposure, and the contributions of different exposure sources,
= J =

-

Want to learn more about the Dose Calculator? ﬂ

&

How many minutes per day do you call with your mobile phone (on average per

D da‘:,-’}? m— Average exposure based on representative data from 1755 people from France,
(inccming and outgoing voice calls, WhatsApp voice calls, etc) Netherlands, Spain and Switzerland
< Duration: oo
90
0 o @ 600
80
D 7 min 5 10
=
=
2 50 i~
) =
b 4 =
. : : £ 40
When you make a voice call, what is the percentage of time you hold the phone o
]
o against your ear (compared to using headphones or speaker)? = 30 0 -
[+ . Iy}
O h ol
. 10 8
u = =
ala none vo G2 {8 aptet . toP ce Ni-F
. ) . . . nile g Ph pile _y Sou aY: Ay L Sou h
When you do not hold the phone against your ear while calling, indicate the % of WO cordie® “ . onment? otnet
gt

time you use headphones or speaker mode.

Headphone: Speaker: 50%

— |

% Download graph

When you are using headphones during a call, where do you have your phone?

) Frontof face
) Onthe body (e.q. trouser pocket)

@ Further away from body (e.g. on a nearby table, handbag)

¢ back C reset values m
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Dose calculator

/700

600
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665

300

Daily brain dose {mJ/kg/day)

200

100

(=]
<

Mobile Call Environmental Sources Mobile Data

Your brain dose 1s 1150 mJ/kg/day.
This is higher than the population average of 272 mJ)/kg/day

1,200
1,000
800
ol
400
200

U

[mJ/kag/day]

272

Your exposure Average exposure

Laptop

o o o o
Wi-Fi Other Sources Cordless Phone Tablet

NS
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seAwave 5 GOLIAT i ETAIN &

Conclusions
on Exposure Assessment

= Two projects appear to be leading exposure assessment and monitoring within CLUE-H: SEAWave
and GOLIAT, with SEAWave in a more advanced state, due to the shortest project lifetime

= Alarge amount of data has been collected and has not been analyzed, yet, from various SEAWave
partners in countries other than France (Greece, Belgium, Switzerland, Germany, Serbia).

= Although data were collected with the same protocol, their homogenization remains a challenge
and the main area of work currently.

= Taking an integrative approach, all exposure components (downlink, uplink, bystander) are
measured and analyzed. Calculations to convert exposure to organ-specific SAR are under way.

= SEAWave will implement a tool for calculating the “global exposure index” (see Project LEXNET),
whereas ETAIN has already implemented a tool to calculate, again in an integrative approach, the
dose in the brain (energy per tissue mass per day).
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Scientific-based Exposure and risk Assessment of radiofrequency and

mm-Wave systems from children to elderly (5G and Beyond)

WP11 Project and Consortium Management

Kick-off meeting and co-design Workshop

/ WP2 \\ / WP1 \
Exposure from Exposures from
New 5G Local [=* 5Gvs.2G-4G e \ 4 ~
Networks in Cellular WP5
Workplaces Networks Macro/- and
I </v\ I / Microdosimetry
in Human and
WP3 / WP4 ) >\ Murine Skin )
Exposure Exposure 7 Y ‘K\
Monitoring from Assessment of ' ~N | ~
5G MaMIMO End User WP WP7
Base Stations Devices ;
\_ L J FR2 Health Risk  |<ls FR2 Health Risk
Study — In Vivo Study —
¥ SEAWave-Clin
\ 2 N / /
L
l> ~
WPS8
FR2 Health Risk
Study = In Vitro
SE——
v \ 4 \ 4 A 4 v
WP9 Risk Assessment
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WP10 Risk Communication
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Update on animal studies (WP6) EMF AND HEALTH
Determining skin immunoresponse and nociceptors activation 12 Feb 2024 - 4 Mar 2024
Development of Squamous Cell Carcinoma (CAR-S mice) 30 Mar 2024 -3 Jul 2024
Development ofBasal Cell Carcinoma (Ptchl+/- mice) 8 Jul 2024 - 8 Jan 2025
Investigat%o.n ofnon—canc.erou.s endpoints | | | 8 Tul 2024 - 8 Jan 2025
(male fertility, lens opacity, hippocampal neuro-genesis and inflammation)

Ptch1*- and WT mice

Sham (N=48)

A Irradiation 23 out of 24 hours Low power density (LPD) (N=48)
3 groups (6.67W/m2)

High power density (HPD) (N=48)
(20W/m?)

p P21

P1 - Start date of exposure: 12 Feb. 2024
4 Cages per group
P21 - End date of exposure: 04 Mar. 2024 (12 pups per cage)
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Update on animal studies (WP6) EMF AND HEALTH
Determining skin immunoresponse and nociceptors activation 12 Feb 2024 - 4 Mar 2024
Development of Squamous Cell Carcinoma (CAR-S mice) 30 Mar 2024 -3 Jul 2024
Development ofBasal Cell Carcinoma (Ptchl+/- mice) 8 Jul 2024 - 8 Jan 2025
Investigat%o.n ofnon—canc.erou.s endpoints | | | 8 Tul 2024 - 8 Jan 2025
(male fertility, lens opacity, hippocampal neuro-genesis and inflammation)

1ug/100ul TPA-treated group n=32
(n=16 for each sex)

S5ug/100ul DMBA-initiated Car-S mice
n=140 (n=70 for each sex)

12 Cages per group
(3 animals per cage)

B

exposure 100 days

(23 out of 24 hours) Group K

n = 36 (n= 18 for each sex)

| > Group Q
n = 36 (n= 18 for each sex)

Group V
n = 36 (n= 18 for each sex)
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Update on human study (WP7) EMF AND HEALTH

1) Healthy (6M/6F) 2) Thin/aged skin (6 M/6F) Fixed skin protocol

» V

42 Volunteers

L > 168 samples
18-25 years old 60-80 years old
No skin disease or fam. history Dermatoporotic skin 2 Arms: for scRNA S€q
Photo-protected Sun exposed Double-blind exposure 4
3) Cancer prone (3M/3F)  4) Pre-inflamed (6M/6F) 2 Biopsies:

1h, 24h *

Swiss Institute of
Bioinformatics

SKin tumor syndromes Atopic Dermatitis

18-80 years old 18-80 years old Data stockage

Data analysis

Vv

Genetic diseases selected for group 3) Cancer prone:

Xeroderma Pigmentosum variants
Familial Cylindromatosis or Spiegler Brook syndrome
Gorlin-Goltz szndrome
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Hair / hair follicle
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0-{; T Stratum corneum
Epideniis »/  Langerhans cell
e DETC Basement membrane
Keratinocyte
Keratinocytes1 S
Keratinocytes?2 et N
10 ® Fibroblasts " Macrophage “/ Blood vessels
Keratinocytes3 W Nesophl e Lymphatics
Keratinocytes4 — @ Mastcel Fibroblast
. rmis .
¢ KeratinocytesS @ o4 T/Ta
o ¢ Endothelial_cells @ s,
e, ¢ Melanocytes @ il
© 0 Immune_cells1
g Immune_cells2
Sweat glands1
Pericytes
¢ Immune_cells3
10 - Sweat glands2
® Keratinocytes6t
® Immune cells4
Adipocytes
10 0 10 . | .
Keratinocytes Melanocytes Fibroblasts
umap—‘1 e . - E - .

All types of cells are present in all subjects’ samples.
Homogeneous cell distributions exist from all 8 healthy subjects until now.
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Conclusions
on Health Risk Studies

= Results from the animal study on 21 days postnatal exposure are ready to be published
(pending dosimetry verification/validation with on site measurements).

= The human study progresses at a good pace. The more biopsies the strongest the signals/results
from scRNA sequencing. Comparison between health condition groups cannot be performed yet.

= Oxidative comet assay test concluded for keratinocytes (@4h of exposure). This test had not been
planned in the GA but was added at the suggestion of the External Advisory Board of SEAWave.
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Other activities: EMF AND HEALTH
IARC-like evaluation (WP9)

Results from the present proposal

| ) Undate | AUTH, IT'IS, TP-IPP, IMEC, CEA, INIS, EEAE,
— | V¥ ANFR,BfS, IU
EXpOsUre | |ead - AUTH? Others?

Update | ENEA, CHUV, AUTH, IT‘IS,
IMEC, TP-IPP, ITEM

2

9

2 | | .

- S Experiment

- | | Lead—-ENEA, CHUV? Others?

-

© Update  |jaRrc, Bfs, IU

b Epidemiology |Lead - IARC?

)
R | | Update ITEM, ENEA, CHUV, IT‘IS, AUTH, IMEC
g e . - - ?
oY, Mochanicm | Lead - ITEM

‘Evalualion Evaluation || Evaluation

Overall risk assessment
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Thank you for your attention!

theosama@auth.gr

seawave-project.eu
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The World Health Organization
(WHO) Task Group on
Radiofrequency Fields and Health

Dr Emilie van Deventer
Head, Radiation and Health Unit
World Health Organization
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Monograph on
Radiofrequency Fields and Health R
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Dr Emilie van Deventer, WHO Technical officer
Dr Jos Verbeek, Methodologist

Professor Hajo Zeeb, Task Group Chair
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Do EMFs pose a heath risk?

Risk Assessment
The Evidence
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WHO Environmental Health Criteria monographs on radiation

« WHO EHC monographs (health risk assessment)

Stalic Fields Exlremely Low Freguency Fields

| .
081)

= <« EHC 35 Extremely low fieguengy (ELF) fidds (1984 |
- EHC 69 Magnetic fiel
*« EHC 137 ElectromagneticTerds (300 Hz-300 GHz) _ A
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Health Risk Assessment

Problem Formulation
|

Hazard lIdentification

International Agency for

Review key research to
Research on Cancer (|ARC)

identify any potential health
problems that an agent can
cause

Centre Intermmational de
Recherche sur le Cancer (CIRC)

Exposure Assessment
_ Exposure-Response
Deter_mlne the amount, Assessment
duration and pattern of
exposure to the agent Estimate how much of the

agent it would take to cause
varying degrees of health
effects that could lead to
iliInesses

-
IR LERE, LA P I B S O FAACT R

TARES Mondgranis ai i Evaitalio of
Carcimogenic Fisks o Namans

FREAMELE

Risk Characterization

--------

Assess the risk for the
agent to cause cancer or
other illnesses in the

./ general population RF fields classified as
~ "possibly carcinogenic to humans”
3 G 2B
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Health Risk Assessment

Problem Formulation International

| EMF Project

Hazard ldentification

Review key research to identify
any potential health problems
that an agent can cause

All studied

Exposure Assessment
Exposure-Response OUtCC)meS
Determine the amount,

duration and pattern of
exposure to the agent Estimate how much of the

agent it would take to cause
varying degrees of health

Assessment

effects that could lead to

illnesses
I Radiofrequehcy Fields VAN Ir',r:
Risk Characterization Handbook
Assess the risk for the agent to . Dev:;ﬂ;;l:fxt
cause cancer or other illnesses “ !\ o
in the general population
Y IV @it
7 T\ »
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RF Environmental Health Criteria
Objectives

* To review the scientific literature regarding adverse health
effects from exposure to radiofrequency fields

* To perform a health risk assessment of all studied health
endpoints, as far as the evidence can offer

* To compile a summary of national policies around the world
(based on a survey performed in Fall 2012 and current update)

* To identify gaps in knowledge

N

8\
HEALTH
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Scope and target audience

* Scope
» Radiofrequency fields from 100 kHz to 300 GHz
* Public and occupational exposures (not medical exposures)

* Target audience
* National policy-makers in Ministries of Health, Environment, Labour, Telecommunications, ...

» Bodies involved in recommending or setting exposure guidelines for RF EMF, such as non-
governmental organizations

* Professional societies and academics studying the health effects of RF EMF

N
b\
HEALTH i
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Technical outputs

* The appraisal of the evidence for health risks associated with exposure to RF

fields to result in

Systematic reviews

N

s Ny
..g World Health ( HEALTH
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Radig%re-ciuenc:;; I-:ields

EHC Monograph

Research Agenda



1. Technical report -> A “scoping review”

WHO Scoping review
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Systematic review or scoping review? () e

SCO pl ng rEV| ew Guidance for authors when choosing

between a systematic or scoping review
approach

b 0 Peters, Cndy e, Catalin Tofemany, Moo Mot and Edaada Ammeta

* “... An ideal tool to determine the scope or coverage of a body of literature on a given topic and
give clear indication of the volume of literature and studies available as well as an overview

(broad or detailed) of its focus”

* Therefore, an assessment of methodological limitations or risk of bias of the evidence included
within a scoping review is generally not performed

» Although conducted for different purposes compared to systematic reviews, scoping reviews still
require rigorous and transparent methods in their conduct to ensure that the results are

trustworthy.
s
(i, World Health HEALTH . :
Wy Organization | - FORALL WHO Scoping review "~



Scoping vs. systematic reviews

Table 1 Defining characteristics of traditional literature reviews, scoping reviews and systematic reviews

raditional Literature Rewviews SCOPING reviews Systematic reviews

A priori review protocol O Yes [some) Yes
PROSPERD registration of the review protocol o Mio® Yies
Exphicit, transparent, peer reviewed s2arch strategy PO Tes Yes
Standardized data extraction forms W0 Tes Yies
Mandatory Critical Appraisal (Risk of Bias Assessment) O Ma® Yes
Synthesis of findings from individual studies and the Iy Mo Yies
gereration of ‘surmmary’ findings”

"Current situation; this may change in time. "Critical appratsal is not mandatory, however, reviewers may decide to assess and report the risk of bias in scoping
reviews. "By using statistical meta-analysis (for gquantitative effectivenass, or prevalence or incidence, diagnostic acouracy, satiology or risk, prognostic or
psychometric datal, or meta-synthesis [expenential or expert opinion data) or both in mixed methods reviews
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. Neuroendocrine system responses
. Autonomous nervous system

. Auditory and vestibular function

. Ocular function

. Immune system

. Haematological changes

. Biological mechanisms

Appendix A— Sources, measurements and exposures

Appendix C— Biophysical mechanisms

WHO Scoping Report

16 chapters, > 3000 references

All published studies (in-vitro, animal
and human) of health effects reported
in the literature with sufficient quality
- until about 2017-2020

To be published as a WHO technical
document

Appendix B — Radiofrequency electromagnetic fields inside the body
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Prioritizing the outcomes —
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Systematic reviews
Observational and experimental studies

Observational Human volunteer Animal studies In-vitro studies
studies studies

SR1 - Cancer SR2 - Cancer

SR3 - Adverse reproductive SR4 - Adverse reproductive

outcomes outcomes

SR5 - Cognitive impairment | SR6 - Cognitive impairment

SR7 - Symptoms SR8 - Symptoms

SR9 - Oxidative stress

SR10 — Heat an in, burns,
C , etc.
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Systematic reviews
Deliverables

r S

ScienceDirect Journals & Books @ Help  Q Search 9 My account

ironment
RN ATIONA

1. Protocol submission to Environment
International

Articles & Issues s About s~ Publish s~ Q, Search in this journal Submit your article = Guide for authors

Special issue
WHO assessment of health effects of exposure to radiofrequency

2. Registration of the protocol in Prospero (or electromagnetic fields: systematic reviews

Last update 19 January 2022 Sharea Ijoz

other appropriate protocol database)

sarah Driefien

Guest Editors:

Paul Whaley

3. Systematic review submission to
Environment International

Welcome to PROSPERO

International prospective register of systematic reviews

N

N
..«z World Health { :S HEALTH
~‘f’ Organization | - FORALL




P m e e e e e e e e e e e e e e e e e - = =

https://www.sciencedirect.com/journal/environment-internationa

|/special-issue

/109J1SL7CXT

Cancer

SR1

Environment Intemational 157 (2021) 106828

Contents lists available at Science Direct

Environment International

ELSEVIER

journal homepage: www alsevier com/lacate/envint

The effect of exposure to radiofrequency fields on cancer risk in the general
and working population: A protocol for a systematic review of human
observational studies

Susanna Lagorio™ ', Maria Blettner ", Dan Baaken ", Maria Feychting, Ken Karipidis,
Tom Loney °, Nicola Orsini ', Martin R6ésli %, Marilia Silva Paulo ", Mark Elwood '

Environment Internarional 191 (2024) 108083

Contents lists available at ScienceDirect

Environment International

ELSEVIER

journal homepage: www.elsevier.com/locate/envint

The effect of exposure to radiofrequency fields on cancer risk in the general
and working population: A systematic review of human observational
studies — Part I: Most researched outcomes

1
1
I
1
Ken Karipidis*- , Dan Baaken ™ !, Tom Loney °, Maria Blettner °, Chris Brzozek °, Mark Elwood °, :
Clement Narh , Nicola Orsini *, Martin Raésli"‘, Marilia Silva Paulo’, Susanna 1.agorio' |
1
I
1
1
1
1
1

SR2

Contents lists available at ScienceDirect

Environment International

ELSEVIER

journal homepage: ww.alsey

milocate/envint

Effects of radiofrequency electromagnetic fields (RF EMF) on cancer in
laboratory animal studies: A protocol for a systematic review

Meike Mevissen ™ , Jerrold M. Ward *, Annette Kopp-Schneider‘, James P. McNamee L
Andrew W. Wood “, Tania M. Rivera’, Kristina Thayer *, Kurt Straif ™'

Fertility

SR3

Environment International 158 (2022) 106968

Protocols

SR4

Environment International 157 (2021) 106806

Environment International 159 (2022) 106972

Cognition
SR5 SR6

nt International 157 (2021) 106783

Contents lists available at ScienceDirect

Environment International

ELSEVIER

journal homepage: www slsevier.co

The effects of radiofrequency exposure on male fertility and adverse
reproductive outcomes: A protocol for two systematic reviews of human
observational studies with meta-analysis

Ryan P.W. Kenny™ , Evelyn Barron Millar", Adenike Adesanya ", Catherine Richmond *,

Fiona Beyer®, Carolina Calderon, Judith Rankin ", Mireille Toledano , Maria Feychting®,
Mark § Pearce ", Dawn Craig ", Fiona Pearson

International 190

Contents lists available at ScienceDirect
Contents lists available at ScienceDirect

Environment International

Environment International ; \nf] _

&

ELSEVIER

S S S SO journal homepage: wwnw.elsevier.com/locate/envint

ELSEVIER

Contents lists available at ScienceDirect

Symptoms
SR7 SR8

Environment International 157 (2021) 106852

Environment International

journal homepage: www elsevier.com/locate/envint

ELSEVIER

Environment Intemational 15 (2022) 106953

Contents lsts available at Science Direct

Environment International

journal homepage: W

ocate/envint

Effects of Radiofrequency Electromagnetic Field (RF-EMF) exposure on
male fertility and pregnancy and birth outcomes: Protocols for a systematic
review of experimental studies in non-human mammals and in human
sperm exposed in vitro

The effect of long-term radiofrequency exposure on cognition in human
observational studies: A protocol for a systematic review

Geza Benke ™ , Michael J. Abramson”, B.M. Zeleke *, Jordy Kaufman ", Ken Karipidis ,
Helen Kelsall *, Steve McDonald , Chris Brzozek °, Maria Feychting °, Sue Brennan
Francesca Pacchierotti * , Lucia Ardoino °, Barbara Benassi”, Claudia Consales *,

Eugenia Cordelli *, Patrizia Eleuteri *, Carmela Marino ", Maurizio Sciortino °,

Martin H. Brinkworth °, Guangdi Chen %, James P. McNamee °, Andrew William Wood ',

Carlijn R. Hooijmans “, Rob B.M. de Vries®

The effect of exposure to radiofrequency electromagnetic fields on
cognitive performance in human experimental studies: A protocol for a
systematic review

Blanka Pophof™ , Jacob Burns ", Heidi Danker-Hopfe", Hans Dorn ",

Cornelia Egblomassé-Roidl ‘4 Torsten Eggert, Kateryna Fuks *, Bernd Henschenmacher °,
Jens Kuhne °, Cornelia Sauter *, Gernot Schmid

Systematic Reviews

aternational 180 (2023) 108178

Contents lists available at ScienceDirect

Environment International

ELSEVIER

journal homepage: www.elsevier.com/locatelen

Contents lists available at ScienceDirect

Environment Internation

ELSEVIER

jeurnal homepage: www.alsevier cor
tional 188 (2024) 106779

The effects of radiofrequency exposure on adverse female reproductive
outcomes: A systematic review of human observational studies with
dose—resnonse meta-analvsis

Environment International 190 (2024) 108817

Contents lists available at ScienceDirect

Environment Internation.

ELSEVIER

journal homepage: www.slsevier.com/iocate/e

Contents lists available at ScienceDirect

Effects of Radiofrequency Electromagnetic Field (RF-EMF) expdsure on
pregnancy and birth outcomes: A systematic review of experimental studies
on non-human mammals

Environment International

Sl
ELSEVIER

journal homepage: www ar.com/locatelenvint

Eugenia Cordelli >, Lucia Ardoino”, Barbara Benassi®, Claudia Consales”, Patrizia Eleuteri ',

Carmela Marino ', Maurizio Sciortino ™ , Paola Villani °, Martin H. Brinkworth*,
Guangdi Chen °, James P. McNamee “, Andrew W. Wood "', Lea Belackova ®, Jos Verbeek *,
Francesca Pacchierotti  +'

Full length article

The effects of radiofrequency exposure on cognition: A systematic review
and meta-analysis of human observational studies

Geza Benke ™ , Michael J. Abramson “, Chris Brzozek ", Steve McDonald “, Helen Kelsall®,
Masoumeh Sanagou ', Berihun M. Zeleke , Jordy Kaufman °, Sue Brennan®, Jos Verbeek ",
Ken Karipidis *

Environment International 185 (

Contents lists ble at ScienceDirect

Envirenment Internation;

ELSEVIER

journal homepage: www.elsevier.com/locatelen

The effects of radiofrequency exposure on male fertility: A systematic
review of human observational studies with dose-response meta-analysis
Ryan PW Kenny “, Eugenie Evelynne Johnson“, Adenike M. Adesanya ",

Catherine Richmond ", Fiona Beyer *, Carolina Calderon °, Judith Rankin ", Mark § Pearce ’,
Mireille Toledano®, Dawn Craig *, Fiona Pearson

N

(S

HEALTH
FORALL

Effects of radiofrequency electromagnetic field (RF-EMF) exposure on male
fertility: A systematic review of experimental studies on non-human
mammals and human sperm in vitro

Eugenia Cordelli ™, Lucia Ardoino “, Barbara Benassi °, Claudia Consales “, Patrizia Eleuteri ™',
Carmela Marino ', Maurizio Sciortino ™, Pacla Villani ", Martin H. Brinkworth

Guangdi Chen “, James P. McNamee “, Andrew W. Wood "', Lea Belackova®, Jos Verbeek ®,
Francesca Pacchierotti ™™

nal 191 (

The effects of radiofrequency electromagnetic fields exposure on tinnitus,
migraine and non-specific symptoms in the general and working
population: A protocol for a systematic review on human

observational studies

Martin R6ésli ", Stefan Dongus ", Hamed Jalilian, Maria Feychting *, John Eyers®,
Ekpereonne Esu’, Chioma Moses Oringanje *, Martin Meremikwu'", Xavier Bosch-Capblanch

Contents lists available at ScienceDirect
Environment International

journal homepage: wivw. alsevier com/locate/envint

ELSEVIER

ELSEVIER

Contents lists available at ScicnceDirect
Environment International

journal homepage: www.elsevier.comlocate/envint

The effects of radiofrequency electromagnetic fields exposure on human
self-reported symptoms: A protocol for a systematic review of human
experimental studies

Xavier Bosch-Capblanch ", Ekpereonne Esu’, Stefan Dongus ", Chioma Moses Oringanje ",

Environme ational 183 (2024) 108338

Contents lists available at ScienceDirect

Environment International

ELSEVIER

journal homepage: www.slsevier. comlacate/envint

Hamed Jalilian", John Eyers , Gunnhild Oftedal *, Martin Meremikwu ", Martin Rosli

Environment International 187 (2024) 108612

ROS
SR9

Environment International 158 (2022) 106932

Contents lists available at ScienceDirect

Environment International

ELSEVIER

journal homepage: wiww.elsevier.com/locate/envint

The effect of radiofrequency electromagnetic fields (RF-EMF) on
biomarkers of oxidative stress in vive and in vitro: A protocol for a

systematic review

Bernd Henschenmacher ", Annette Bitsch ", Tonia de las Heras Gala ", Henry Jay Forman “,
Athanassios Fragoulis”, Pietro Ghezzi ¥, Rupert Kellner ", Wolfgang Koch ", Jens Kuhne ",
Dmitrij Sachno °, Gernot Schmid ", Katya Tsaioun', Jos Verbeek', Robert Wright

Contents lists available at ScienceDirect
Environment International

ELSEVIER

journal homepage: www.elsevier.comflocatelenvint

Journal Pre-proofs

The effect of exposure to radiofrequency electromagnetic fields on
cognitive performance in human experimental studies: Systematic review
and meta-analyses

Blanka Pophof * , Jens Kuhne *, Gernot Schmid ", Evelyn Weiser °, Hans Dorn 4
Bernd Henschenmacher ', Jacob Burns', Heidi Danker-Hopfe h ', Cornelia Sauter ™~

The effects of radiofrequency electromagnetic fields exposure on tinnitus,
migraine and non-specific symptoms in the general and working
population: A systematic review and meta-analysis on human
observational studies

Martin Rodsli™ "™, Stefan Dongus +* Hamed Jalilian ", John Eyers *, Ekpereonne Esu L
Chioma Moses Oringanje °, Martin Meremikwu ', Xavier Bosch-Capblanch *

As of 1 October 2024

Full length article

The effects of radiofrequency electromagnetic fields exposure on human

self-reported symptoms: A systematic review of human
experimental studies

Xavier Bosch-Capblanch """, Ekpereonne Esu‘, Chioma Moses Oringanje , Stefan Dongus ™",

Hamed Jalilian ™", John Eyers ", Christian Auer ", Martin Meremikwu', Martin Raosli "

The effects of radiofrequency electromagnetic field exposure on biomarkers
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Systematic reviews

1. Cancer, observational studies:
e “Most researched outcomes”

* “Important outcomes” manuscript under review
* 2. Cancer, animal studies: manuscript under review

* 3. Fertility, observational studies:
* Pregnancy: no effect on preterm birth, LBW, congenital malformations (18 studies, very low certainty)

 Male: no effect on semen parameters (9 studies, very low certainty)

* 4. Fertility, animal studies:

* Pregnancy: no effect on litter, increase in dead fetuses, malformations, decrease in weight/length at high exposure
(88 studies, low-high certainty)

 Male: decreased fertility, sperm parameters, reproductive organ toxicity at high exposure (127 studies, low-
moderate certainty)
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Systematic reviews (cont’d)

* 5. Cognition, observational studies:
* No effect of phone use in children on learning, executive function, attention; No effect of phone use on global
functioning in elderly persons (5 studies, very low certainty)
* 6. Cognition, experimental studies:
 mostly moderate to high certainty of evidence that short-term RF-EMF exposure at SAR levels within the
recommended limits ... does not negatively affect the investigated domains of cognitive function
* 7.Symptoms, observational studies:
* No effect on tinnitus, migraine and headaches (exposure of the brain) or on sleep and symptom scores (wb RF-
EMF exposure) (13 studies, very low certainty evidence)
* 8. Symptoms, experimental studies:
* No effect on headache, sleep, composite symptoms in general population or in IEI-EMF individuals (41 RCTs, low-
high certainty)
* 9. Oxidative stress:

* Evidence for or ag?mst a relation between RF-EMF and biomarkers of oxidative stress overall of very low

certainty’ duert n\-con5|stent overall study results
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Critical appraisals of the SRs

Critical appraisals have since been published

e Related to SR8: Correspondence in Environment International by Michael Bevington, Chair of Trustees,
Electrosensitivity UK

e Related to SR4: Miscellaneous in Reviews on Environmental Health by Else K. Nordhagen and Einar Flydal

e Related to SR7: Review in Reviews on Environmental Health by John W. Frank , Ronald L. Melnick and Joel M.
Moskowitz
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/¥ Organization

83


https://www.degruyter.com/journal/key/reveh/html
https://www.degruyter.com/journal/key/reveh/html

3. The RF Environmental Health Criteria monograph

Tl B B L o |

Radiofrequency Fields

EHC Monograph
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Role of the Task Group

Overall

* Inline with WHO processes for scientific evaluation, the Task Group will support WHO in
developing an RF EMF monograph in the WHO Environmental Health Criteria (EHC) series

Specific

1. Draw conclusions on the effects of RF exposure on health based on the scoping report and the
systematic reviews;

2. Formulate an overall health risk assessment for each outcome in the EHC RF monograph
based on the conclusions of the scoping report and the systematic reviews [as far as the
evidence allows]:

3. ldentify research gaps
Review [rather than compile] national good practice interventions
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Task Group members

w Id H Ith The boundaries and names shown and the designations used on this map do not imply the expression of any opinion

ﬂr Ea whatsoever on the part of the Word Health Organzation concerning the legal status of any country, termtory, cty or area or

Organizatinn of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent
approxmate border lines for which there may not yet be full agreement. © WHO 2012, All rights reserved.
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Data Source: World Health Organization
Map Production: WHO Graphics
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Task Group meetings

e 1st online meeting (January 2023)

* 15t face-to-face meeting in Geneva (March 2023)
e 2"d online meeting (October 2023)

* 3rd online meeting (November 2023)

* 4% online meeting (February 2024)

e 2"d face-to-face meeting in Geneva (March 2024)
e 5% online meeting (April 2024)

* 6! online meeting (April 2024)
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* Monthly meetings with teams

 Weekly RF cafés for individual experts for Q&As
with the methodologist (AM/PM)
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Kick-off meeting (March
2023)

Discussion points included

 Consensus needed on the elements of
a conclusion and on the process of
drawing a conclusion

 Adverse health effect and grouping of
adverse health outcomes

* How to combine findings from scoping
report and systematic reviews

* How to combine and weigh different
evidence streams

* Health risk assessment methodology
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2"d Face-to-face meeting
(March 2024)

1. Team review of chapters

2. Feedback from overall Task
Group

3. Polling on drafted
conclusions

4. Project management

5. Involvement of Core Group

6. Call with Systematic Review
Principal Investigators

o
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Decisions

* Exposure level classification for different streams of evidence (local and whole-body exposure)
* high, moderate, low

* Evidence integration (epidemiological and experimental streams of evidence)

* Health risk assessment
* Hazard identification
* Exposure-response response for specific outcome
* Exposure assessment

e Risk characterization
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Current status and next steps

* 10 chapters based on scoping report:
* Conclusions developed
* Poll performed in March showed a high level of agreement with drafted conclusions

* 4 chapters based on systematic reviews and scoping report (cancer, fertility, symptoms, cognitive function)
 Still awaiting some of the SRs on cancer
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RF EHC Monograph
Chapter on RF Policies

vk World Health

.+ Compilation of national regulations and good - drganization
practice interventions Risk Management Policies regarding Radiofrequency

Electromagnetic Fields

There has been growing concern about the possibility of adverse health effects resulting from expasure b

() Based O n 20 1 2 S u rvey (be n Ch ma rk) radiofrequency (RF) electromagnetic fields, such as those emitted by wireless communication devices and

networks. In response bo such concern, the World Health Organization is assessing health risks that may be
assaCiated with exposure to BF fields in the frequency range of 100 kHz to 300 GHz.

o Data frO m 86 CO u ntri eS This survey seeks to gather information on current risk management policies on RF fields at national level

from relevant governmental bodes (2.9. Ministry of Health, Ministry of Environment, Ministry of
Telecommunications, Ministry of Labor, Radiation Protection Agency, ...). Please feel free to forward this

o Summary in peer_reviewed journal (RPD) survey to whom it may concern in your country.

The survey has 3 sections reflecting the following RF expasure categories

+ personal exposures associated with the use of mobile devices (such as cell phones)

« énvironmental exposures associated with fied installations transmitting signals ’r'-l'.‘-l"l"l radio, television
and wireless communscation networks, and

+ pocupational exposures in the telecommunication, industrial and medical sectors

Radiation Protection Dosimetry (2014), pp. -6 do1:10.1093 /rpd /ncu324

RISK MANAGEMENT POLICIES AND PRACTICES REGARDING

RADIO FREQUENCY ELECTROMAGNETIC FIELDS: RESULTS
FROM AWHO SURVEY

Amit Dhungel'*, Denis Zmirou-Navier'-2 and Emilie van Deventer?

N
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Home / News / Teens, screens and mental health

<{ Back Share <= Save + X

The debate: Should
smartphones be
banned for under 16s?

2 days ago

9 Chris Vallance
e Senior technology reporter

Teens, screens and mental
health

New WHO report indicates need for healthier online habits among
adolescents

25 September 2024 | Media release |Reading time: 4 min (1195 words)

Copenhagen, 25 September 2024

M/ Smartphones have worked their way
N deep into our lives and have become
45 ZIINN indienencahl@ TAT WNHTR an encialicine
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For more information, please contact:
E. van Deventer

Radiation and Health Unit

Email: vandeventere@who.int
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Q&A: The experience of five years of 5G EMF
evaluations

'

4
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e

sodl % #
. -
Dr Teruo Onishi Christophe Grangeat Dr Ourouk Jawad Dr Lidia Stepinska-
NICT Japan Nokia — Convenor, Radiofrequency Engineer, Ustasiak GhePrl;’? {J‘rﬁ\i,\(/)et:tsi\tj;/) ?BEerl)g?ium
Chair International IEC TC106 MT 3 Market surveillance and public ~ T-Mobile, Poland ’
Electrotechnical exposure division,
Commission (IEC) TC 106 ANFR France
Moderator:
Sami Gabriel
Vodafone and
Deputy Chair GSMA

EMF and Health
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Summary and conclusions

Mike Wood
Telstra
Chair GSMA EMF and Health
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