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The SCHEER Opinion on RF EMF

Theodoros Samaras
Member of the SCHEER



European
Commission

Scientific Committee on Health,
Environmental and Emerging Risks

The SCHEER, on request of European Commission services, provides
Opinions on questions concerning health, environmental and emerging
risks. These risks concern

» broad, complex or multidisciplinary issues that require a
comprehensive assessment of their impact on consumer safety, or

» public health and related issues not covered by other European
Union risk assessment bodies.



European
Commission

Weight of Evidence (WoE) approach

Following the rule of transparency, the SCHEER revised in 2018 its

Memorandum on Weight of Evidence and Uncertainties

https://ec.europa.eu/health/sites/health/files/scientific_committees/scheer/docs/scheer_o_014.pdf
which is focused on how to use the weight of evidence approach (WoE)

to conduct a risk assessment for stressors to which humans and/or the
environment may be exposed.




WoE approach

According to SCHEER, the WoE approach is an iterative process
involving

©)

@)

@)

Problem formulation

Identification, collection and selection of sources of evidence
Assessment and weighing of individual lines of evidence
Integration of lines of evidence

Description of uncertainties

Conclusion and reporting



WoE approach

Line of evidence: Set of evidence of similar type (EFSA, 2017)

o e.g., in vitro, in vivo (animal/human), epidemiological

Quality of evidence: It is the combined result of the judgement on
o relevance

o validity

o reliability



WoE approach - Integration

Quality

high medium low

weak/uncertain
medium strong moderate / ) /
not possible

weak/uncertain/ weak/uncertain/
not possible not possible

Consistency

moderate
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European
Commission

Who legislates on EMF in the EU?

30.7.1999 Official Journal of the European Communities L 199/59

II

(Acts whose publication is not obligatory)

COUNCIL

COUNCIL RECOMMENDATION
of 12 July 1999
on the limitation of exposure of the general public to electromagnetic fields (0 Hz to 300 GHz)

(1999/519/EC)
THE COUNCIL OF THE EUROPEAN UNION, minimum requirements have been proposed for the
protection of workers from physical agents (%) which
. L include measures against non-ionising  radiation;
Having 1:eg.‘.lrd to the. Treaty _establlshmg the European whereas, therefore, this recommendation does not
Community, and in particular Article 152(4), second subpara- address the protection of workers against occupational

graph, exposure to electromagnetic fields;
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European
Commission

Who legislates on EMF in the EU?

29.6.2013 Official Journal of the European Union L 179/1

I

(Legislative acts)

DIRECTIVES

DIRECTIVE 201335/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 26 June 2013

on the minimum health and safety requirements regarding the exposure of workers to the risks
arising from physical agents (electromagnetic fields) (20th individual Directive within the meaning
of Article 16(1) of Directive 89(391/EEC) and repealing Directive 2004/40/EC

THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE (3) Following the entry into force of Directive 2004/40/EC
EUROPEAN UNION, of the European Parliament and of the Council of
29 April 2004 on the minimum health and safety
requirements regarding the exposure of workers to the
Having regard to the Treaty on the Functioning of the European risks arising from physical agents (electromagnetic fields)
Union, and in particular Article 153(2) thercof, (18th individual Directive within the meaning of

P PR



Mandate to SCHEER

e Opinion I
To advise on the need of a (technical) revision of the Council
Recommendation 1999/519/EC annexes and of the annexes of
Directive 2013/35/EU in view of the latest scientific evidence
available, in particular that of the ICNIRP guidelines updated in
2020, with regard to radio frequency 100 kHz to 300 GHz.

e Opinion II
To update the SCENIHR Opinion of 2015 in the light of the latest

scientific evidence with regard to frequencies between 1Hz and
100 kHz.

* Commission services: DG CNECT, DG SANTE, DG EMPL, DG RTD
« Date: June 2021
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European
Commission

Scientific Opinions on EMF

O Scientific
Steering
Committee

June 1998

Scientific
Committee on
Toxicity,
Ecotoxicity and
the
Environment

October 2001

O

Scientific Committee on
Emerging and Newly
Identified Health Risks

March 2007
January 2009
July 2009
January 2015



Changes in methodology

2’700 articles on RF and health were published between 2009 and 2015
3’270 articles on RF and health were published between 2015 and 2020
It would be impossible to use each single article as a source of evidence
in the requested timeline

It was decided to address the mandate using mainly meta-analyses and
systematic reviews, since they can efficiently handle the heterogeneity
of individual studies resulting in an improved reliability of the level of
evidence.

Only in the lack of meta-analyses and/or systematic reviews on a
specific biological/health effect, other reviews, like narrative reviews,
were used. It was necessary for these reviews to have been performed
with a methodology similar to the WoE approach of SCHEER.



Timeline

e Preliminary Opinion adopted 16 August 2022

e Public consultation from 22 August to 25 September 2022

e 226 participants in the public consultation with more than 700 comments
e Final Opinion and answers to consultation adopted 18 April 2023

https://health.ec.europa.eu/consultations/scheer-public-consultation-
preliminary-opinion-scientific-evidence-radiofrequency_en



Opinion

The SCHEER has considered meta-analyses, systematic reviews, and, when necessary,
narrative or scope reviews and single research papers published after the (2015)
SCENIHR Opinion on potential health effects of exposure to radiofrequency (RF)
electromagnetic fields (EMF).

The SCHEER notes that there is uncertain weight of evidence for interaction
mechanisms in in vitro studies, involving oxidative balance, genetic and epigenetic
effects, and calcium signalling, that can result in biological effects.



Opinion

The SCHEER could not identify moderate or strong level of evidence for adverse health
effects resulting from chronic or acute RF EMF exposure from existing technology at

levels below the limits set in the annexes of Council Recommendation 1999/519/EC
and Directive 2013/35/EU.

The SCHEER has noted the technical progress achieved since the ICNIRP (1998)
exposure guidelines in the areas of computational and experimental exposure
assessment and dosimetry, allowing for an increased accuracy of human exposure
evaluation.



Opinion

The SCHEER has also noted that new and emerging wireless applications using RF EMF
tend to use higher frequencies and lower emitted power in closer vicinity to the human
body. However, there are situations where beam focusing or intense pulsed radiation
can increase exposure for short times.

The SCHEER acknowledges that the latest (2020) ICNIRP exposure guidelines respond
to the developments in RF EMF and introduce new dosimetric quantities and limits to
them, that can protect humans more effectively from emerging technological
applications of RF EMF, and, therefore, advises positively on the need of a technical
revision of the annexes in Council Recommendation 1999/519/EC and Directive

2013/35/EU with regard to radiofrequency electromagnetic fields (100 kHz to 300
GHz).



Opinion - Clarification

The SCHEER, by its Opinion, does not endorse the ICNIRP (2020) exposure
guidelines

o Microwave hearing, limits on contact currents, etc.

The SCHEER, by its Opinion, acknowledges that the higher frequencies used by
emerging technologies call for new dosimetric quantities/limits to warrant
protection of the public and workers

o Rapid surface heating, pulsed radiation, time-averaging, etc.



EC funded research on EMF and health:

the research cluster CLUE-H
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W ABOUT WORKING GROUPS v NEWS AND EVENTS RESOURCES CONTACT US

\ News and Events

—/
CLUE - H

EUROPEAN CLUSTER
EMF AND HEALTH

Two calls for Short SEAWave NextGEM'’s
C|ue-h_eu Term Mission of contribution to presence at
Students or Early BioEM2023 BioEM2023
Stage Researchers Jun 27, 2028 Jun 26, 2023
www.emf-health-cluster.eu (STM)
3 Jul 11, 2023
READ MORE

)

—

JNextGEM SEAWave

European |
Commission

3 ETAIN 5 GOLAT &

56 EXPOSURE, CAUSAL EFFECTS, AND RISK PERCEPTION THROUGH CITIZEN ENGAGEMENT




\//‘/\\/ ABOUT WORKING GROUPS v NEWS AND EVENTS RESOURCES CONTACT US

Science translation for
policy and practice

The working group science translation for
policy and practice is responsible for the
production of the policy strategy of the cluster
and the policy briefs.

The objectives of WG include:

- Synthesizing Scientific Knowledge: The
translation of science to policy aims at
compiling and synthesizing the existing

2% ETAIN 5 GOLIAT

56 EXPOSURE, CAUSAL EFFECTS, AND RISK PERCEPTION THROUGH CITIZEN ENGAGEMENT

www.emf-health-cluster.eu f\/
clue-h.eu CLUE -

EUROPEAN CLUSTER
EMF AND HEALTH

INTRANET

Working groups:

= WGL1: Science translation for policy and practice;
= WG2: Data management and exchange;

= WG3: Communication and Dissemination;

» WGA4: Experimental studies;

= WG5: Exposure assessment.

_N

JNextGEM SEAWave

European |
Commission
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Exposure To electromAgnetic flelds and plaNetary
health



App collecting

Objectives ETAIN (2022-2027) spatial and

personal

- interacting with public + stakeholders about exposure exposLire/ dose

levels, possible associated risks/explore exposure reduction » h
- develop approach to assess impact of existing and novel Q
N

technology from a planetary health perspective

i One
Global Health
'€ "\ Health

Insect dosimetry/ pollinator health

Lab research on skin, eyes, fruit and biodiversity
flies, systems biology

contact: a.huss@uu.nl = ETAIN

planetary health

N Grant Agreement 101057216



http://www.etainproject.eu/

Partners Country

1 UNIVERSITEIT UTRECHT (UU) The Netherlands

2 SCHWEIZERISCHES TROPEN- Switzerland 12
UND PUBLIC HEALTH-INSTITUT partners

(SWISS TPH)

3 UNIVERSITEIT GENT (UGent) Belgium

4 IDEAS FOR CHANGE (IFC) Spain o)
5 FIELDS AT WORK, GMBH (FAW)  Switzerland years

6 TECHNISCHE UNIVERSITIET The Netherlands
EINDHOVEN (TU/e) Consortiu m

7 GEOPONIKO PANEPISTIMION Greece
ATHINON (AUA)

8 CENTRE NATIONAL DE LA France
RECHERCHE SCIENTIFIQUE
(CNRS)

9 TECHNOLOGIKO PANEPISTIMIO Cyprus
KYPROU (CUT)

10 GAME SOLUTIONS LAB B.V. The Netherlands
(GSL)

11 ELLINIKOS GEORGIKOS Greece
ORGANISMOS DIMITRA (ELGO)

12 UNIVERSITE DE MONTPELLIER France
(UM)

6.6
million

€

(EV)




Progress and next steps

- App: (validation) measurements started,;
engineering/ citizen science/ gamification/ GDPR/

mapping/ human dosimetry/ webportal underway (3~ end
2023)

Lab research: Exposure set-ups, protocols etc under
development (start 2023)

Insects: dosimetry underway, exposure set-ups,
protocols under development (start 2023/2024)

"--81- Planetary health: not yet (start 2023/2024)

SN Grant Agreement 101057216

S ETAIN
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., Tocharacterize and monitor ® To understand risk perception
7 . ) 2 N
ey RF-EMF exposure, in particular 5G ﬂ and communication through
: citizen engagement
To provide novel insights into A To use an integrative and
@ potential causal neuropsychological e transdisciplinary pan-European

and biological effects approach
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PERT diagram

72 RF-EMF
. exposure

\ WP 1 RF-EMF exposure
A patterns and levels
in young people

YOUNG PEOPLE and workers

AND WORKERS

@ WP3 Exposure setup
and dosimetry

EXPERIMENTS

I,
RF-EMF  {ef WP6

exposure Understanding
prevention health impacts,
solutions risk perception, and

exposure reduction

RF-EMF
effects

@

WP2  Neuropsychological
effects of RF-EMF
in young people
and workers

WP4  Brain function: biological
and neuropsychological
effects of 56

WP5 Thermoregulation
and radical stress:
biological effects of 56

“® wp7 @ WP8

- Co-design Communication,
and citizen dissemination,
engagement and policy

interventions

&

WPS

Ethical, legal,
and societal
issues

=

WP10

Project
coordination and
management




NS Next Generation Integrated Sensing and Analytical System for
_ NextGEM Monitoring and Assessing Radiofrequency EMF and Health

NextGEM will ensure EU citizens’ healthy living and a saler working environment when employing EMF-based telecommunication technologies.

* Objective 1: Measurement and modelling of RF sources
Experimentation and Human Studies

EFFECTS ) * Objective 2: Experimental and human studies on health and EMF
9 . . . = -y = Blochemical and Biophysical
e * Objective 3: Causal links of EMF exposure and possible health effect [LE e ((<i))) iaheonlinitvrbietohis il
) ) . e N B et
56 * Objective 4: Develop NextGEM Innovation Knowledge Hub mm‘r?w‘;'%“ i b ;
L. . > e ; sy A Wittt e atess:
ECHOE o, * Objective 5: Project’s impact maximisation and clustering activities Wetor, amino ackds and protein | 1953 :9 [ = e aa i ]
i (Hb) interactions 'ﬁ.‘.‘,
RF-EMF - o [ . ] ~N\
__exposure o .00 st
MW«M' lm&m. ‘.: 4 el “m,"“ m e o8 ks
Combined exposure Biological Slmulstiogs I y i“:x}""wi‘l i bio = [ NMO:::‘MWM ] = >
(RF-EMF with physical effects FR1 & FR2 NumoitiilieEE—s = experiments m
and chemical agents) ) 1
& J/
Reproduction and * 3 X
developmental 3 ﬁ

effects

Measurements Humoans
Analyses of the expression of genes of interest by RT-GPCR in
buccal cells from heavy/light mobile phone users

FR1 & FR2

J

NextGEM Opverall Concept

EMF Exposure Modelling and Measurements




Next Generation Integrated Sensing and Analytical System for
NextGEM Monitoring and Assessing Radiofrequency EMF and Health
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N Next Generation Integrated Sensing and Analytical System for
, NextGEM Monitoring and Assessing Radiofrequency EMF and Health

Develop NextGEM Knowledge and Innovation Hub (NIKH) and validate it through real case studies

Acute/Ch

eg-;mrim'"%'-m L = & Case Study 1 - Potential
° -
Stakeholde! aut _§_.regulators. policymakers, government bodies, mirlls.tr.ies . ronm!g“fal bodies, legal budl:s‘,nl:ltilen groups, '. - | oy (("))) .
E b | s mmmiad| B0 8@ o = D t% i £ effects of indoor levels of RF
— Eggs, L1 orrelation SR §% A i .
NextGEM Innovation & Knowledge Hub w\--:;tfz,zf;j;'z % 3% i exposure on reproductlon and

/-
o ° ‘eIl
T R Fromeraion
Application Portal Mobile Application Health Risk Assessment Tool Dashboard & (‘ o "'..Zv
i E.’.._V." Simulated internal field
——

i development

DNA Damage levels and distribution
—
s ] Sensar learable sensors ] = =
Benerlm:l:hﬂon m EMF-Portal.org 5::::::‘:‘ Environmental g “;:?m:s':' \ icerbie - é ‘ 0 Il Z'“AA
Ex-vivo EU Health Data Epimiological £ L, 'g - " e
sooce Stusies Case Study 3 - Health effects | 3 § 2
Other HE Umbrella E ; g ey - ] P
Ll iz of exposure to mmWave 3 § EMEmer S
Data Ingestion . . 2 8
3 v in v Cross validation
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& I Markers of blood response
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SEAWave

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

Contact person: Theodoros Samaras; theosama@auth.gr

This project has received funding from the Horizon
Europe Research and Innovation programme under
Grant Agreement No 101057622




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)

Skin

Official provider of ... most cancers

Lymphoma
Sarcoma
Merkel Cell Ca

| _

SECE
Prostata Breast

ENT ca.
Leukemia
Pancreas
¥, Bladder

NHKL

BCC

Melanoma

Lung

Colon

OFS, Le cancer en Suisse, Rapport 2015; Ligue Suisse contre le cancer, le concer en Suisse, état décembre 2018; Que SKT, et al. Cutaneous
squamous cell carcinoma: Incidence, risk foctors, diagnosis, and staging. J Am Acad Dermatol. 2018 Feb;78(2):237-247. doi:
10.1016/}.jo0d.2017.08.059. PMID: 29332704,

In vitro

WP8

In vivo
WP7, WP6

FR2 Health Risk Studies in SEAWave (WP6-8)

Read-Outs

Human derived cells:
keratinocytes, melanocytes, transcriptomics,
melanoma cells aneugenicity

Patient cohort . N 5
healthy/with T transcriptomic analysis
<Kin Iel sions and possible epigenetic

changes

Epigenetic changes,

FACS analysis, RNAseq,

Early changes,
short-term
exposure

Long-term
effects

All types of skin tumors covered

WWW.Seawave-project.eu

seawéve 68

Grant Agreement 101057622




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

l

l

4 wp2 N é WP1 M
Exposure from Exposures from
New 5G Local |+ 5Gvs.2G-4G
Networks in Cellular WP5
Workplaces Networks Macro/- and
- I f/\ I Microdosimetry
in Human and
s WP3 4 WP4 A Murine Skin
Exposure Exposure '\
Monitoring from Assessment of
5G MaMIMO End User W6 WP7
Base Stations Devices i
\ /N /| FR2 Health Risk |«f+| FR2 Health Risk
Study — In Vivo Study =
v SEAWave-Clin
WwpP8
FR2 Health Risk
Study — In Vitro
WP9 Risk Assessment
WP10 Risk Communication

Examples of progress achieved:
» Exposure setups (designed and manufactured)

=

» Exposure measurement campaigns in four
countrles

Massy City - Comparison between Tektronix, Narda and MVG SPY (20-Jan Paris)
of

Tektronix

MVG SPY raw data

MVG SPY with ratio=2.83

E Field (V/m)
N W

seawéve 68

Grant Agreement 101057622

wWww.Seawave-project.eu



Thank you for your attention!

theosama@auth.gr



Science Perspective
5G and health

Isabelle Lagroye
Directrice d’études Ecole Pratique des Hautes Etudes
PharmD, PhD

The GSMA 12th EMF Forum 2023. - Brussels, September 26" 2023



Overview of recent RF-EMF scientific developments

e Before 5G:
What did we learn?

e 5@G:
What do we
expect?



Before 5G: What did we learn?

i @

EEEEEEENEEEEEEENEDN
3G 4G

* Mobile communications

* Radiofrequency fields < 6 GHz

* Non-ionising radiations
* Established effects relate to tissue heating

 Exposure limits developed



Before 5G: What did we learn?

e 25 years of research on mobile communications

Epidemiological studies on mobile communications 386 studies in total

Brain cancer 131 studies

Other 127 studies

Hypersensitivity/well-being/subjective complaints 109 studies

Other types of cancer 55 studies

Leukemia/lymphoma 18 studies

Experimental studies on mobile communications 1652 studies in total
Health 713 studies

DNA, proteins, and oxidative stress 536 studies

Brain 500 studies

Cells 214 studies

> 150 M€ funds

Other 194 studies

® EMF-PORTAL

Cell functions 113 studies

ko
b /N NTP
U .
A ¥ National Toxicology Program
European

Commission
—

(About 50 M€)

e Significant increase in scientific
knowledge about health risks related to
the use of mobile communications

(About 30 M$)

Mobile phones and cancer

e st

Do low-level
Electromagnetic
Fields up to 3006Hz
harm us?

———

ICNIRP 5CI REVIEW

PRI OF HEALTH EFFEETS OF
i

Research

Recent F

LASR 2010

Revisjon Cientifica Latinoamericana
Campos Electromagnéticos de Alta
Erecuencia y SaludiHumana

Recent Research on EMF and
Hepalth Rick

2%

* > 200 expert reports



Before 5G: What did we learn?

* Central Nervous system

Effects of RF emitted by mobile
phones on the
ElectroEncephaloGramme (EEG)

> GSM, Tetra, LTE
> Effects reported not always consistent

> So far, no related health effect evidenced

Bloelectromagnetics 26110 (2008)

The Effect of Mobile Phone Electromagnetic
Fields on the Alpha Rhythm of Human

ELSEVIER

tr phalogram

screnan @oineer:

Nesscience Research 53 (2005) 245-200

Is the brain influenced by a phone call?

An EEG study of resting wakefulness

Spong,’' AW. Wood,*” R.J. McKenzie,” and C. Stough'

G. Curcio™*, M. Ferrara®, F. Moroni*, G. D'Inzeq
M. Bertini*, L. De Gennaro"

J. Sleep Res. (2012) 21, 50-58 Sleep spindles and mobile phones

Sleep EEG alterations: effects of different pulse-modulated
radio frequency electromagnetic fields

MARC R. SCHMID'-2:*, SARAH P. LOUGHRAN'*, SABINE J. REGEL’,
MANUEL MURBACH?®, ALEKSANDRA BRATIC GRUNAUER' 2,

THOMAS RUSTERHOLZ''?, ALESSIA BERSAGLIERE ', NIELS KUSTER® and
PETER ACHERMANN'-2:%

Effect of Low Frequency Modulated Microwave
Exposure on Human EEG: Individual Sensitivity

Hiie Hinrikus,* Maie Bachmann, Jaanus Lass, Deniss Karai, and Viiu Tuulik

Bioelectromagnetics (2008)

Bioelectromagnetics

Effect of Microwave Radiation on Human EEG

at Two Different Levels of Exposure

Anna Suhhova,” Maie Bachmann, Deniss Karal, Jaanus Lass, and Hiie Hinrikus

Environmental Research
Wolume 150, October 2016, Pages 461-469 n
ELSEVIER

Acute Exposure to Terrestrial Trunked Radio (TETRA) has
effects on the electroencephalogram and
electrocardiogram, consistent with vagal nerve stimulation

Adrian P. Burgess 22 &, Nathalie C. Fouquet 2, Stefano Seri 2, Malcolm B. Hawken °, Andrew Heard ©,
David Neasham ¢, Mark P. Little ®, Paul Elliott ¢ 2 &




Before 5G: What did we learn?

e Electromagnetic Hyper Sensibility (EHS)
Idiopathic Environmental Intolerance attributed to
EMF

anses (3

Hypersensibilité
électromagnétique

attribuée auxchamps
électromagnitiques

Avis o Dhnsws
Rappeet & aipartioe cdluctivn

T

ANSES Report and Opinion - 2018

> No association between RF exposures and
symptoms reported by self-declared EHS persons

> Need for appropriate care and dedicated research



Before 5G: What did we learn?

* Cancer
. > Association of increased risk for glioma and
International Agency for Research on Cancer

——— acoustic neuroma with RF emitted by mobile
;’: bi‘/ Organization .
phones : 2B carcinogen

N° 208

.
Vi
N

\t:‘

31 May 2011

IARC CLASSIFIES RADIOFREQUENCY ELECTROMAGNETIC FIELDS AS > Possible bias and lack of ex pe rimental su PPO rt
POSSIBLY CARCINOGENIC TO HUMANS .
prevented causality

Interphone, Hardell showed an association with glioma
> 1640 h of mobile phone use or > 5-10 years of use

40 animal studies (Baan et al. 2011)
No cancer induction

Tumour promotion : 10% studies, not independently confirmed




Before 5G: What did we learn?
e Cancer

Current trends for brain tumors and/or glioma incidences do not fit with
Interphone and Hardell’s data

Schiiz et al 2022 (UK) ; Elwood et al 2022 (New Zealand) ; Deltour et al 2022 (Nordic countries) ; Villeneuve et al 2021
(Canada) ; Choi et al 2021 (Korea) ; Karipidis et al, 2019 (Australia) ; Philips A et al, 2018 (USA) ; Chapman et al 2016

(Australia) ; Sato Y. et al 2016 (Japan); Kim et al 2015 (New Zealand) ; Inskip et al 2010 (USA), Deltour et al 2009 (Sweden)
; etc

Age 20-84 years Figure 1- Age-standardized® incidence rates for glioma in Canada for men and women, and the estimated mumber of cell phone
Male Female subscribers between 1985 and 2015
15 15
/7 . )
//,.f = Villeneuve et al 2021,
P = Canada g
3 07 et 0 /‘ 5 2 . i
=] S e e
= et $ 20 <
g e T~ g ¥3
= s = ¥ £
‘g — = <

8 2, —_—  ~G il i}
€ s 5 )
: — s ]
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Chapman et al 2016, e

o . ‘ ‘ ‘ ‘ . o1__ Australia . ‘ : : e ST Kot e
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Year =
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Before 5G: What did we learn?
* Well-being

e Children and adolescents’ well-being can be impacted

 Association with fatigue, probably due to use/overuse of

screens rather than to RF exposure

* « Addiction » behaviour




Before 5G: What did

e Controversies

Independent confirmation of
primarily significant published
effects consistently failed

Salford et al 2003, 1994;
Diem et al 2005;

Maes et al 1996;

Lai et al, 1995 ;

Lai et al 1994

Litovitz et al. 1993, 1997

we learn?
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neuroblastoma cells

Radiation Research 1715 615-621. 2009
(
Attps: //d; 019/10.1667, RR1507,1
7l i /! '

Radiofrequenc

-Radiat;

of Afp e Y- lation Expgg

’ Min Across the Bloud-ll;rm'ure Do(?s [t nduce Detet

0" It M 3: McQuade, James H. Merritt, [ errier o Leakage
Pmid B, Rahimi, lt_nc_ha_e!vr{“ ﬁurp}vi ’

BERNARD BILLAUDEL', MURIELLE TAXILE', FLORENCE POULLETIER DE GANNES',
GILLES RUFFIE', ISABELLE LAGROYE'~, & BERNARD VEYRET"*

Stephanie A
phanie A, miy, .
and Patrick 4. w}a‘ssn Terri Scholin, Michael C. ooy, Ay
wenfy Mason T _exanderSalaZar

RADIATION RESEARCH 149, 637645 (199)
0375798 550

€199 by Radiation Research Soxcety.
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DNA Damage in Rat Brain Cells after /n Vivo Exposure to 2450 MHz
Electromagnetic Radiation and Various Methods of Euthanasia

Inz. §. Radiar. Biol, Vol. 82, No. 5, May 2006, pp. 339346

@ Tayhor & Francis

Robert §. Malyapa,” Eric W. Ahern,” Chen Bi.” William L. Straube,” Marie LaRegina,’
‘William F. Pickard' and Joseph L. Roti Roti*

935 MHz cellular phone radiation. An in vitro study of genotoxicity
in human lymphocytes

L. STRONATT', A. TESTA', J. MOQUET?, A. EDWARDS’, E. CORDELLI', P. VILLANT',
. MARINO', A. M. FRESEGNA', M. APPOLLONI' & D. LLOYD?

easurement of DNA damage after acute
exposure to pulsed-wave 2450 MHz microwaves
in rat brain cells by two alkaline comet assay
methods

1. Lagroye, R. Anane, 8. A. Wettring, E. G. Moros, W. L. Straube, M. Laregina,
M. Niehoff, W. F. Pickard, }. Baty & . L. Roti Roti




Before 5G: What did we learn?
e Controversies

Exposure setups and dosimetry

> What is OK: Dosimetry > What is not OK: No dosimetry

‘ Still, still, still in 2023...




Before 5G: What did we learn?

e Conclusion

Below current exposure limits
> No demonstrated health effects
> No biophysical mechanism identified

However, some open questions remain

> Oxidative stress; male fertility ; cognitive functions
(children/adolescents)

> 0Ongoing WHO systematic reviews

(+ heat-related effects, cancer, symptoms) g@
P

¥

qglr

World Health

N
\I
¥ Organization



5G: What do we expect?

o Gt * Mobile communications

-"=:.-=='=- * Radiofrequency fields < 6 GHz

—3 * 2G, 3G & 4G frequencies + 3.5 GHz
L '5;' e Radiofrequency fields > 6 GHz

* 26 GHz; 40.5 - 43.5 GHz; 66-71 GHz

* 2G; 3G; 4G frequencies of 5G
All above should be true for 5G
Similar mechanisms, similar degree of health protection

* New frequencies of 5G ?



5G: What do we expect?

* 5G will include new frequency ranges
* Frequency < 6 GHz : 3.5 GHz
* Frequency > 6 GHz : 26 GHz (then 40.5 — 43.5 GHz & 66-71 GHz?)

e 30-300 GHz : Millimeter wave — MMW
> RF energy absorption is superficial

> Power density is accurate
> Above 250 W/m? : skin heating

* Related exposure limits

LE,MM!B@ <& IEEE

Advancing Technology
NON-IONIZIKG RADLATION PROTECTION for Humanity



5G: What do we expect?

* Biological « target » of MMW : skin, eyes
* Brain tissues won’t be exposed

Incident Reflected Incident wave
wave wave 1 m\AN/cm2
[ \
60GHz 0.1THz 1THz
Epidermis \ 0.6 mW/cm? ‘
T, 7 0.4 mW/cm? l
T
Capillaire - —» // ]\ Absorbed

sanguin \

wave
Dermis

Terminaison
nerveuse

®

‘ 0.001 mW/cm? *
Hypodermis Complete
' absorption




5G: What do we expect?

e Scientific research

ITS/PRETTY/CONTEXT{SPECIFIC/ANDCOULD
HAVE OTHER[UNINTENDET(CONSEQUENCES|

ANDISO/MORERESEARCH|IS
"EEnEnmemegenerator,net

On QUALITY
going ! PLEASE!

g
|
h T3

ponabkz;.},

=
bobo vy
BRUSSELS SAYS NO TO 5G

€€ The people of Brussels

by Josh

are not guinea pigs
whose health I can sell
at a profit.”

sh del Sol Beaulieu | 2 April 2019




5G: What do we expect?

Scientific research

@ Int. J. Environ. Res. Public Health 2019, 16, 3406;
doi:10.3390/ijerph16183406

Review

5G Wireless Communication and Health Effects—A
Pragmatic Review Based on Available Studies
Regarding 6 to 100 GHz

Myrtill Simko *(© and Mats-Olof Mattsson

« The available studies do not provide adequate and sufficient
iInformation for a meaningful safety assessment, or for the question
about non-thermal effects. »



5G: What do we expect?
Scientific research

* Le Dréan & Zhadobov * |Investigations at 3.5 GHz
60 GHz
Bektas et al 2022; Dasgupta et al 2022, 2020;

PLoS One. 2016; 11(8). e0160810. PMCID: PMC4986955

B Wang et al 2022, 2021; Yang et al 2022 ;
RIS @ A Joushomme et al 2023; Canovi et al, 2023; Chou
OFS i e

OR. RS
Sci Rep. 2019; 9: 9343, PMCID: PMCE597695 et a | 2 O 2 3
Published online 2019 Jun 27. doi: 10.1038/541568-019-45662-6 PMID: 31249327
_ Untarnatad matahnlamine Hinuail i Afhi narmaghility

Untargeted Metabolomics Reveal Lipid Alterations upon
2-Deoxyglucose Treatment in Human HaCaT Keratinocytes

.
Pierre Le Pogam (%), Mickael Doué?, Yann Le Page?, Denis Habauzitt, Maxim Zhadobov?, Ronan Sauleau”, Yves Le Dréan® > O n |y O n e g ro u p u Se d a 5 G m O d u I at I O n

and David Rondeau*t8(

Effects of 60-GHz millimeter waves on neurite > M |Xed m Od e IS ’ m ixed resu ItS

outgrowth in PC12 cells using high-content
screening

Alexis J. Haas *, Yann Le Page *, Maxim Zhadobov®, Ronan Sauleau ®, Yves Le Dréan

> No conclusion can be made at this stage
No evidence for

deleterious effect



5G: What do we expect?
Scientific research

*  HORIZON-HLTH-2021-ENVHLTH-02-01 N
EMG & health o European

Commission

= ETAIN \GOLAT Deliverable
@ NextGEM SEAWOve “Scientific strategy of the cluster”
\ ) > identify key scientific topics that will
potentiate synergies across the four
\f\/ CLUE-H projects

CLUE —
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5G: What do we expect?

* e K

European
Commission
———

Scientific research
NS

. . CLUE —
> In vitro & small animals

Frequency  Bandwidth SAR/S,ps Exposure Time / Project

(GHz) On-Off cycles

. Endpoint

Skin cells / Transcriptomics and gene 3.5 100 MHz 10 mW/kg - 100 W/kg 1-24h, 3 weeks NextGEM
keratinocytes expression of selected genes 26.5 100 MHz 0.4, 1 W/kg 1-24h, 3 weeks NextGEM
Skin cells / Transcriptomics 27.5 100 MHz 0, 3.3, 10 W/m? Up to 7 days SEAWave
keratinocytes (uncertainty TBD)

10 min On / 10

min Off
3D reconstructed Transcriptomics and metabolomics 26 100 MHz Optimal S, Optimal exposure R ,--I-- . I
model conditions JrC I‘\l H

[ ]

Drosophila Transcriptomics, metabolomics 26 100 MHz Optimal S, At first and after 5 P —
melanogaster and 10 e E “.\“\l

Wn

generations,
during whole life
cycle

Caenorhabditis Transcriptomics 26.5 100 MHz TBD 72h, during whole  NextGEM
elegans worm
development



5G: What do we expect?

* g X

* %%

European
Commission
———

Scientific research
SN\

> In vitro & small animals CLUE —

Endpoint Frequency Bandwidth SAR/S..s
(GHz)

Exposure Time
/ On-Off cycles

Project

Skin cells / fibroblasts / ROS production and 35 100 MHz 0.08, 0.4, 4 Wikg Upto 1h |
keratinocytes / induced gene I
reconstituted skin cell expression / \
sheets Mitochondrial function | 26 100 MHz 0.3, 3, 30 W/m? Upto 1h |
Skin cells / keratinocytes | ROS production 3.5 100 MHz 10 mW/kg - 100 W/kg | 1-24h NextGEM
(exact SAR TBD)

26.5 100 MHz 0.3-1.25 W/kg 1-24h NextGEM
Skin cells / fibroblasts ROS production 35 100 MHz 0.08, 0.4, 4 W/kg Real time

26 100 MHz 0.3, 3, 30 W/m? Real time
3D commercial epiderm | Antioxidant defense 35 100 MHz 0.08, 0.4, 4 W/kg 1-2h to 1-2 days
model

26 100 MHz 0.3, 3, 30 W/m? 1-2h to 1-2 days | ETAIN
Caenorhabditis elegans ROS production 26.5 100 MHz TBD 72h, during NextGEM

whole worm

development




5G: What do we expect?

e Conclusion

> Up to now : health risk seemed unlikely unless exposure exceeds
the current limits

» Coordinated research at the EU level is ongoing

SN\

: : CLUE -
» Main questions adressed

xS —zt = Children, young people, occupationally-exposed people

= Co/multi-exposures

= Integrative research on skin (from in silico to human)

= Thermoregulation, cancer, oxidative stress, epigenetics, omics
= Biodiversity




Thank you
for your attention
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PANEL DISC_USSION _
Q&A with science speakers

Facilitator: DI Manfred Ruttner,
Al Telekom Austria — Deputy
Chair GSMA EMF and Health

© GSMA 2023 GSMA
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Coffee break

© GSMA 2023 GSMA



FIRESIDE CHAT

Update on WHO RF-EMF activities

© GSMA 2023

Jos Verbeek, MD,
PhD
Senior Researcher,
consultant to WHO as
guideline
methodologist

£
o ]

1

|

Facilitator: Dr Jack
Rowley,
Senior Director
Research &
Sustainability,
GSMA
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¢Zx\, World Health
%@B" Organization
Status of the WHO

RF-EMF risk assessment
process

12t GSMA EMF Forum, Bruxels, 26 September 2023



Outline

Introduction

The Radiofrequency Fields activity

Where are we in the process?

What does the published evidence look
like?



OO
WHO

International
EMF Project EMF Project

The Internatiohél

* Established in 1996 investigates
health effects of

* Coordinated by WHO HQ electromagnetic fields
- Objectives ; advises
. T national authorities on

* Review the scientific literature on health effects of EMF exposure EMF radiation protection

and formally assess health risks;
* Promote a focused agenda of high-quality EMF research;
* Encourage internationally acceptable harmonized standards;

* Provide information on risk perception, risk communication, risk
management



(@ ) World Health
WHO Monographs on EMF ) s

Health risk
assessments

* + EHC 35 Extremely lo!

w fgaquengy (ELF) fid
« EHC 69 Magnetic ﬁel
« EHC 137 ElectromagnelicTIeTds (300 Hz-300 GHz)

= e rares Vo Criara 131 "
e i o o Stalic Fields Extremely Llow Frequency Fields

1
IARC MONOGRAPHS

f I 1
o Chthacti b ; ’  iRF Fields!

RISKS TO HUMANS I

......




RF Environmental Health Criteria (@) bty

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 now being updated)

* To identify gaps in knowledge

Radiation Protection Dosimetry (2014), pp. 1-6 doi:10.1093 /rpd /ncu324

RISK MANAGEMENT POLICIES AND PRACTICES REGARDING
RADIO FREQUENCY ELECTROMAGNETIC FIELDS: RESULTS
FROM AWHO SURVEY

Amit Dhungel!*, Denis Zmirou-Navier'-? and Emilie van Deventer3

'Department of Environmental and Occupational Health, EHESP School of Public Health, Avenue du
Professeur Leon Bernard CS 74312, 35043 Rennes, France

“Lorraine University School of Medicine, av. de la Forét de Haye, 54505 Vandoeuvre-Les-Nancy, France
*Radiation Programme, Department of Public Health, Environmental and Social Determinants of Health,
World Health Organization, Geneva, Switzerland



=

orld Health
rganization

Scope and target audience

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

* Target audience

* Policy-makers in Ministries of Health, and Ministries of Labour, Environment,
Telecommunications, ..

* Bodies involved in developing exposure guidelines for RF EMF, such as non-
governmental organizations

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



¢/7DxY, World Health
o Y0
pRSE 774 Organization

Process <o

1. Scoping report of all available evidence in
* Human observational studies
* Human experimental studies
* Experimental animal studies
* Experimental cell studies

2. Study on priority health outcomes
3. Systematic reviews of effects of RF EMF on priority health outcomes

4. Independent Task Group will...
* _formulate conclusions on effects of RF EMF
* ..conduct a health risk assessment
* ..report conclusions and HRA in EHC monograph



77\ World Health
Organization

Where are we? Scoping report

* Scoping report
* Project started in 2012, WHO methodology changed, Methodologist
attracted

* Scoping report finalized for use by Task Group with chapters on

* Heat-related illnesses, ocular function, circulatory diseases, cancer, immune
response, haematological response, fertility, auditory function,
neuroendocrine response, symptoms, autonomic nervous response,
cognitive function, brain physiological response, other biological responses



Where are we? Priority outcomes

Unimportant

Local pain

Local burns

Ocular temperature

Heat shock

Tumours head

Tumours elsewhere
Haemotological cancer
Male fertility

Female fertility

Menstrual disorders
Adverse pregancy outcomes
Congenital disorders
Hypersensitivity

Mental health

Well-being

Cognitive impairment

Blood brain barrier
INeurodegenerative disorders
Brain electrical function
MNeurotransmitter interference
Vestibular disorders

Hearing disorders

Ocular disorders

Melatonin interference
Thyroid disorders

HPA axis interference
Femal hormone interference
Male hormone interference
Immunosuppression

Allergy

Inflammation

Oxidative stress
Coagulation interference
Blood cell disorders

M Important M Critical

- T v AN
L 40 ]

- I

I A
- -7
Y Y

1.

2.

3.

4.

5.

6.

Cancer
Heat related
Fertility

Symptoms

{7\, World Health
W&#4Y Organization

Environment International
Volurne 146, january 2021, 106300

Prioritizing health outcomes when assessing
the effects of exposure to radiofrequency
electromagnetic fields: A survey among
experts

Jos Verbeek ® 2, & . Gunnhild Oftedal * Maria Feychting © Eric van Rongen °,

Marla Rosarla Scarfi °, Simon Mann /, Rachel Wong £, Emille van Deventer "

Cognitive performance

Oxidative stress



! World Health

Where are we? Systematic Reviews () orgarsin

* Protocols published in Environment International
e Cancer: in humans (2 SRs), cancer in animals (1 SR)
 Fertility: in humans (2 SRs), fertility in animals (2 SRs)
* Symptoms: in human observational (1 SR) and in experimental studies (1 SR)
» Cognitive function: in human observational (1 SR) and in experimental studies (1 SR)
* Biomarkers of oxidative stress (1 SR)
* Heat-related outcomes: not yet published (1 SR)

* Systematic reviews
* Published in Environment International: 1 SR
* Submitted and under review: 4 SRs
* In final stage of writing: 6 SRs
* In progress: 2 SRs



¢/7DxY, World Health
o Y0
pRSE 774 Organization

Where are we? Task Group =

* Has been set up consisting of 20 experts..
* ...in epidemiology, experimental studies, animal studies, cell studies, public health
e ..from all WHO regions

e Convened in person in Geneva in March 2023

* Consensus..
* ..methods for drawing conclusions from scoping report and systematic reviews
* ..methods for how to assess if RF EMF is a hazard for a specific adverse health outcome
* ..about exposure levels

* Currently working very hard to review the available evidence

* Will meet in October 2023 and have a final meeting in February 2024



What does the evidence look like?

* What are the effects of RF EMF on pregnancy and birth outcomes in
animals

Reduction of fecundity Adverse effects on the
"t ¢ . offspring health at birth
S Environment International @Q}@ @ Fetal weight and
& .,‘vLL— Volume 180, October 2023, 108178 ' %@@ Iength

Effects of Radiofrequency Electromagnetic %%gﬁ e nalins. (93
FIEId (RF—EMF) exposure on pregnancy and Pre-implantation loss, resorbed

birth outcomes: A systematic review of or dead fetuses, ltter size @} @3 Sty
experimental studies on non-human

®

Eugenia Cordelli ® 2 =, 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 !, Delayed effects
Lea Belackova 9, Jos Verbeek 9, Francesca Pacchierotti ®* 2
(ﬁ ) (ﬁﬁ -~ q
5 ) Rt
Szl B
=15 G
\&Tt 7
Brain pathology Behavioural Female offspring Early-onset cancer

functions fertility




Studies and outcomes

» 88 (!) papers included

* Three major outcome categories:
* Fecundity
* Pregnancy rate
* Litter size
* Dead foetuses
* Adverse effects at birth
* Birth defects
* Weight, length
* Delayed effects after birth
* Behavioural
* Learning and memory

7BxN, World Health
&3/ Organization

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




Non Exposed Exposed Mean diff. Weight
Study N Mean SD N Mean Litter SD with 95% CI (%)

Low or Some Concern

L]
Meta-analysis s o s s o s oot 738, 739 013

Berman 1978-1 117 101 39 103 101 35 E 3 0.00(-0.98, 0.98] 4.51
Berman 1978-2 106 106 3 109 109 29 o -0.30[-1.09, 0.49] 5.71
Berman 1978-3 73 112 24 62 1 241 & 0.20 [-0.57, 0.97) 5.86
: Berman 1978-4 40 101 29 44 103 27 -+ -0.20[-1.40, 1.00] 3.52
* Meta-analysis
y Berman 1981 64 106 35 66 99 3.2 B 0.70 [-0.45, 1.85] 3.70
. Weighted Berman 1982a 14 101 24 17 114 2 - -1.00 [ -2.55, 0.55] 2.42
B 1982b-1 50 112 28 45 113 25 @ -0.10[-1.17, 0.97] 4.06
average of erman ‘ )
h | Berman 1982b-2 46 107 33 37 98 25 @~ 0.90[-0.39, 2.19] 3.19
the results Berman 1984a 20 117 13 22 11 24 i~ 0.70[-0.48, 1.88] 3.57
across studies Galvin, 1986 10 101 158 10 102 1.26 B8 -0.10[-1.35, 1.15] 3.31
o F | f Jensh, 1984a 9 12 292 11 955 432 e 2.45(-0.86, 5.76] 0.64
orest P oto Jensh, 1984b 8 1163 453 10 117 3.27 —_— -0.07 [-3.67, 3.53] 0.55
individual Lee, 2009-1 14 126 31 17 125 45 e 0.10[-2.68, 2.88] 0.88
d. Lee, 2009-2 20 124 32 20 145 19 - -210[-3.73, -0.47) 223
stuaies Merritt, 1984 10 109 357 10 109 4.98 —_—— 0.00[-3.80, 3.80] 0.49
Nelson, 1991 27 8 2 18 6 3 —8- 2.00[ 0.54, 3.46] 265
[ J
Summary Ogawa 2009 * 20 136 18 40 1315 224 B 0.45(-0.68, 1.58] 3.80
effect: Poulletier de Gannes 2012* 14 106 19 41 1074 266 - -0.14[-1.65, 1.37) 250
d- d t th Sambucci 2010 12 56 139 11 59 1.99 o -0.30[-1.69, 1.09] 2.84
lamona a € Sharma 2017 * 6 433 21 12 433 2 23] 0.00[-0.20, 0.20] 10.32
bottom Shirai 2014 * 8 126 12 16 1255 3.4 —a— 0.05[-229, 239] 1.21
Stasinopoulou 2016 20 865 241 11 755 3.38 —a— 1.10[-0.95, 3.15] 1.53
Takahashi 2010 * 12 129 18 23 1375 143 -B- -0.85[-1.94, 0.24] 3.98
Heterogeneity: 7° = 0.05, I* = 15.21%, H* = 1.18 ) 0.05[-0.21, 0.30]

Test of §, = 8;: Q(23) =27.13,p =0.25
Testof 06=0:2=0.37,p=0.71



Non Exposed Exposed Mean diff. Weight

Study N MeanSD N Mean Litter SO with 95% CI (%)
Low or Some Concern
Ait-Aissa 2012 * 10 11 106 31 1091 1045 ———————  009[-7.38, 7.56] 0.13
Berman 1978-1 17 104 39 103 101 35 - 0.00(-0.98, 098] 451
Berman 1978-2 106 106 3 109 109 29 = -030(-1.09, 049) 5.71 I d I h
. . Berman 1978-3 73 112 24 62 1 24 3 020(-0.57, 097) 5.86 Wor Hea t
L tt Berman 1978-4 40 101 29 44 103 27 E -0.20(-1.40, 1.00] 352 Organlzatlon
I e r S I Z e Berman 1981 64 106 35 66 99 32 -5 0.70[-045, 185] 3.70
Berman 1982a 14101 24 17 14 2 —e- -1.00[-2.55, 055 242
Berman 1982b-1 50 112 28 45 113 25 - 0.10(-1.17, 097) 4.06
Berman 1982b-2 46 107 33 37 98 25 - 090[-0.39, 219] 3.19
Berman 1984a 20 17 13 22 1M 24 - 070(-0.48, 1.88] 357 Environment International
Galvin, 1986 10 101 158 10 102 1.26 - -0.10(-1.35, 1.15] 3.31 Velume 180, Oetober 2023, 108178
Jensh, 1984a 9 12292 11 955 432 — 245(-0.86, 5.76] 0.64
. Jensh, 1984b 8 1163 453 10 117 327 —_— -0.07[-367, 353] 055 ; :
[ J thte r Lee, 2009-1 14 126 31 17 125 45 — 0.10(-2.68, 2.88] 0.88 E.ffecw of Radiofrequency Electromagnetic
Lee, 2009-2 20 124 32 20 145 19 —-— 210[-3.73, -047) 223 Field (RF-EMF) exposure on pregnancy and
. Meritt, 1984 10 109 357 10 109 4.98 _ 0.00(-3.80, 3.80] 0.49 birth outcomes: A systematic review of
S | Ze by Nelson, 1991 27 8 2 18 6 3 - 2.00( 0.54, 3.46] 265 experimental studies on non-human
Ogawa 2009 * 20 136 18 40 1315 224 e 045[-0.68, 158 3.80 )
R i S k Of Poulletier de Gannes 2012* 14 106 19 41 1074 266 - -0.14[-1.65, 137) 250 mammals
Sambucci 2010 12 56 139 11 59 199 = 0.30(-1.69, 1.09] 284 Eugenia Cordelll® 5, Lucio Ardoina , Barbora Benassi®, Claudia Consales,
. Sharma 2017 * 6 433 21 12 433 2 ] 0.00(-0.20, 0.20] 10.32 Patrizia Eleuteri ° ', Carmela Marino ° |, Maurizio Sciortino * %, Paola Villani °,
e Martin H, Brinkworth ¢, Guangdi Chen ¢, James P. McNamee °, Andrew W. Wood /',
B | a S Shirai 2014 * 8 126 12 16 1255 324 —— 005[-229, 239] 1.21 P e Y I S
Stasinopoulou 2016 20 865 241 11 755 338 o 110095, 3.15] 153
Takahashi 2010 * 12 129 18 23 1375 143 - -0.85(-1.94, 024] 3.98
( LOW O r Heterogeneity: ° = 0.05, I* = 15.21%, H = 1.18 } 0.05[-0.21, 0.30]

Test of 0, = 0 Q(23) = 27.13, p = 0.25

Some Testof 0 =0:2=037,p=0.71

High Concern
Ve rS u S Alchalabi 2016 * 10 106 193 20 725 173 - 3.35[( 1.99, 4.71] 293
Berman 1992-1 35 146 178 38 139 247 - 0.70[-0.30, 1.70] 4.45
. Berman 1992-2 56 131 45 48 123 4.16 . 0.80[-0.88, 2.48] 2.13
H Igh ) Berman 1992-3 19 138 262 10 124 411 . 1.40(-1.05, 3.85] 1.12
Ferreira 2006 4 575 206 6 55 1.28 —a— 0.25[-1.80, 2.30] 1.53
Haghani, 2013 10 109 379 10 981 338 R 1.09(-2.06, 4.24] 070
Inaloz, 1997 * 8 9 155 16 9 129 -- 0.00(-1.17, 1.17] 363
Jensh, 1982a 4 12 14 11 14 2 —a— 0.90[-1.25, 3.05] 1.40
Jensh, 1982b 3 128 17 41 123 28 —— 0.50([-2.32, 3.32] 0.86
Jensh, 1983a 3 103 6 11 105 22 —— 0.20(-278, 238] 1.01
Shibkova 2015 19 48 218 14 44 112 -m- 040(-0.85, 1.65] 3.31
Wang 2018 * 6 925 126 12 925 128 - 0.00(-1.25, 1.25] 3.32
Heterogeneity: ° = 0.44, I* = 40.07%, H® = 1.67 ¢ 0.77[ 0.15, 1.39)
Testof 8, = 6;: Q(11) = 18.35, p = 0.07
Testof 6 = 0:z=2.43, p = 0.02
Overall ] 0.25(-0.02, 0.52)
Heterogeneity: ° = 0.18, |* = 35.61%, H = 1.55
Test of 8, = 6: Q(35) = 54.35, p = 0.02
Testof 0=0:2=1.78,p = 0.07 FaVoUrs EXp Favours Nox
Test of group differences: Qy(1) = 4.45, p = 0.03
0 5 0 5 10
Mean Difference

Random-effects DerSimonian-Laird model



Litter size

* Litter size by
temperature
increase

Litter size: subgrouping by animal temperature

Non Exposed Exposed Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
<1 degree
Berman 1978-1 117 101 39 103 10.1 35 —- 0.00[-0.98, 0.98] 5.49
Berman 1978-2 106 106 3 109 109 29 B -0.30[-1.09, 0.49) 7.84
Berman 1978-4 40 101 29 44 103 27 —— -0.20[-1.40, 1.00] 3.92
Berman 1982a 14 101 24 17 1141 2 —— -1.00[-2.55, 0.55] 246
Berman 1982b-1 50 112 28 45 113 25 —— -0.10[-1.17, 0.97] 4.75
Jensh, 1984a 9 12 2.92 11 9.55 4.32 ——=—— 245[-0.86, 5.76] 0.57
Jensh, 1984b 8 11.63 4.53 10 11.7 3.27 -0.07[-3.67, 3.53] 0.48
Lee, 2009-1 14 126 31 17 125 45 —_— 0.10[-2.68, 2.88] 0.80
Lee, 2009-2 20 124 32 20 145 19 . -2.10[-3.73, -0.47] 2.23
Heterogeneity: 1° = 0.04, I° = 8.19%, H* = 1.09 L -0.33[-0.79, 0.14]
Testof 8, = 6;: Q(8) =8.71, p=0.37
Testof 6=0:z=-1.36, p=0.17
>= 1 degree
Berman 1981 64 106 35 66 99 3.2 i 0.70[-0.45, 1.85] 4.19
Berman 1982b-2 46 107 33 37 98 25 —— 0.90[-0.39, 2.19] 345
Berman 1984a 20 "M7r 13 22 11 24 —— 0.70[-0.48, 1.88] 4.00
Nelson, 1991 27 8 2 18 6 3 —— 2.00[ 0.54, 346]) 275
Heterogeneity: 1° = 0.00, I = 0.00%, H’ = 1.00 < 0.99[ 0.36, 1.62]
Testof 6, = 8;: Q(3) = 2.34, p = 0.51
Testof 8=0:z=3.09, p=0.00
Overall @ 0.14[-0.38, 0.66]

Heterogeneity: 1° = 0.39, I” = 46.21%, H* = 1.86
Test of 6, = 8 Q(12) = 22.31, p = 0.03
Testof 8=0:2=0.53, p=0.59

Test of group differences: Q,(1) = 10.83, p = 0.00

Random-effects DerSimonian-Laird model

Favours Exposure | Favours Non-exposure

T
0
Mean Difference

o

(]




Y, World Health

Certainty of effect or of lack of an (@R o el
effect

* Assessment of reasons to downgrade the certainty..
1. Risk of bias
2. Indirectness of the measure
3. Inconsistency across studies
4. Imprecision of the results
5. Publication bias

e Resulting in
* High certainty (no downgrade reasons)
* Moderate certainty (some concern)
* Low certainty (serious concern)
* Very low certainty (very serious concern)
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Certainty of lack of effect on litter size

 Certainty of the evidence on litter size

* Risk of bias: low
Indirectness: no, very direct measure
Inconsistency: no, similar results across studies
Imprecision: no narrow confidence interval
Publication bias: not observed

* Resulting in high certainty evidence
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More research

* Given possible delayed effects more research needed

* Improved quality of studies needed:
e Standardized outcomes
* Better exposure generation
» Several exposure levels
* Assessment of the outcome blinded for exposure status

7Ry World Health

Organization
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RF EMF hazard for fertility

* Task group will assess
* Results systematic review animal studies: effect sizes and certainty

* Results systematic review of human observational studies: effect sizes and
certainty

* Results of cell studies in scoping review

* Together this will result in a conclusion about the hazard of RF EMF
for fertility (with and) under exposure without temperature increases



¢/7DxY, World Health
o Y0
NS4 Organization

RF EMF risk at given exposure <

* Task Group will..

e compare current exposure level against evidence of effects at various
exposure levels

 resulting in an indication of the number of persons that might be affected

* If there is no hazard, then there will be no risk.
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Outlook

* October 2023 preliminary conclusions about RF EMF hazard for
various adverse health outcomes

* February 2024 finalisation of EHC monograph and scoping report

e Publication summer 2024
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Focus on Risk Communication, loT, and

mmwWaves

GSMA 5G mmWave Safety

Risk Communication
Guide for Mobile Phones
and Base Stations

Millimetre wave (mmWave) spectrum will maximise 5G’s potenticl. The range
provides fibre-like connactivity to suburban and rural araas as well a5 hot-spot

capacity in densa areas, like manufacturing plants, stadia and trave hucs. National
and intarnational safety guidelings already INCIuce MMWaves protecting paoplo
against ail estabiished heaith hazards

for p
The following recommendations will support efficient deployment of SG mmWwave based services
Adopt International Update RF-EMF Practice effective Propare for Interest
RF-EMF (imits and deployment rules: EMF communication:  during mmWave
compliance methods:  Straamina dapoyment National authortties should  licensing:
Countries should adopt the TUlos to supoort groater take the lead roie in afforts. There may be submissions
ICNIRP (2020) limits ard  donsfication of antonnas,  toinform tho publicand  quusiiurina safly and il
wlonal technical  espocially in urban adcross misinformation is Enporlant (0 prevare

2 centres. about RF-CMF. respOntes hAad on the

complance assassment consensus of haalth
agorces
5G mmWave frequencies NOte: 86 Frequency Range 2: 24510 T1GHZ
26 6Hz 10 G4z
P ot

CENEEMIENIEEIEEEED

25398 Gur NG

Use cases for mmWave spectrum

Train/subway School or Wiork in office Shopping mall Fixed Wirsless
station commute university enterprise, factory and high street Access

@ | @& | & £

Erjoying Hybrid classas: Cloud. AR-assisted FWA using
ctroaming physical s #rtual navigacion ard mmNave can
shopping Provde fiore-ike

Downlozaing Immeriive X2 speecs wihout the
Wieo s 9n

acts of
Instatieg fiore.

© GSMA 2023

5G, the Internet of Things (loT) and
Wearable Devices
What do the new uses of wireless technologies

mean for radio frequency exposure?
September 2023
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PANEL DISCQSSION _
Evaluating the effectiveness of RF-EMF

policies

Saida Ouederni Marzia Minozzi, Bertus Ehmke, David Scerri, Senior Prof Isabelle
Acting Head of Local Head of General Manager: Manager, Malta Lagroye, Ecole
Authorities Telecommunications Technical Regulation, Communications Pratique des Hautes
Relationship and Policy and MTN Group Authority Etudes, Paris, France
EMF Pool Expertise, Regulation, Asstel
lliad Group

Facilitator: Claire-Marie Healy, Director of Public Policy GSMA Europe

© GSMA 2023 GSMA



FIRESIDE CHAT

Summary and Conclusions

© GSMA 2023

Mike Wood,
Telstra — Chair
GSMA EMF and
Health
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™
&

Dr Jack Rowley,

Senior Director
Research &
Sustainability,
GSMA

91

GSMA



	Slide 1: The 12th GSMA  EMF Forum Event Guide  
	Slide 2: Download the EMF Forum Event Guide
	Slide 3
	Slide 4
	Slide 5: The European Commission's  non-food Scientific Committees
	Slide 6: The SCHEER Opinion on RF EMF
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27: Objectives ETAIN (2022-2027)               www.etainproject.eu      contact: a.huss@uu.nl
	Slide 28
	Slide 29: Progress and next steps
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35: Next Generation Integrated Sensing and Analytical System for Monitoring and Assessing Radiofrequency EMF and Health
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41: Science Perspective 5G and health
	Slide 42: Overview of recent RF-EMF scientific developments
	Slide 43:  Before 5G: What did we learn?
	Slide 44:  Before 5G: What did we learn?
	Slide 45:  Before 5G: What did we learn?
	Slide 46:  Before 5G: What did we learn?
	Slide 47:  Before 5G: What did we learn?
	Slide 48:  Before 5G: What did we learn?
	Slide 49:  Before 5G: What did we learn?
	Slide 50:  Before 5G: What did we learn?
	Slide 51:  Before 5G: What did we learn?
	Slide 52:  Before 5G: What did we learn?
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62: 5G: What do we expect?
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68: Outline
	Slide 69: WHO International EMF Project
	Slide 70: WHO Monographs on EMF
	Slide 71: RF Environmental Health Criteria  Objectives
	Slide 72: Scope and target audience
	Slide 73: Process
	Slide 74: Where are we? Scoping report
	Slide 75: Where are we? Priority outcomes
	Slide 76: Where are we? Systematic Reviews
	Slide 77: Where are we? Task Group
	Slide 78: What does the evidence look like?
	Slide 79: Studies and outcomes
	Slide 80: Meta-analysis
	Slide 81: Litter size
	Slide 82: Litter size
	Slide 83: Certainty of effect or of lack of an effect
	Slide 84: Certainty of lack of effect on litter size
	Slide 85: More research
	Slide 86: RF EMF hazard for fertility
	Slide 87: RF EMF risk at given exposure
	Slide 88: Outlook
	Slide 89: Focus on Risk Communication, IoT, and mmWaves
	Slide 90
	Slide 91

