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The World Health Organization

• Established on 7 April 1948
• Function: act as the UN directing and 

coordinating authority on international 
health work

• Objective: attainment by all peoples of the 
highest possible level of health

• Health: “A state of complete physical, mental 
and social well-being and not merely the 
absence of disease or infirmity” (WHO 
Constitution, 1948)



Over 7000 people work for WHO 
in 
 Headquarters (Geneva)
 6  Regional Offices
 150 Offices in Countries, 

Territories and Areas
 International Agency for 

Research on Cancer (IARC)

The WHO 3-level structure



WHO's core functions

• Articulate ethical and evidence-based policy positions
• Setting norms and standards, and promoting and monitoring their 

implementation
• Shaping the research agenda, and stimulating the generation, translation and  

dissemination of valuable knowledge
• Providing technical support, catalysing change and developing sustainable 

institutional capacity 
• Monitoring the health situation and assessing health trends
• Providing leadership on matters critical to health and engaging in partnerships

where joint action is needed



Public Health and Environment



Both ionizing
and non-
ionizing
radiation are 
covered by the 
WHO Radiation 
and Health 
Unit



WHO 
International 
EMF Project

• Established in 1996 

• Coordinated by WHO HQ

• Objectives
• Review the scientific literature on health effects of EMF exposure  

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
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WHO Monographs on EMF

RF Fields

2006 20072002 2013

Health risk
assessments



Problem Formulation

Health Risk Assessment

Exposure Assessment

Determine the amount, 

duration and pattern of 

exposure to the agent

Hazard Identification

Review key research to 

identify any potential health 

problems that an agent can 

cause

Exposure-Response 

Assessment

Estimate how much of the 

agent it would take to cause 

varying degrees of health 

effects that could lead to 

illnesses

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"

(Group 2B)



All studied 

outcomes

Problem Formulation

Health Risk Assessment (cont'd)

Exposure Assessment

Determine the amount, 
duration and pattern of 
exposure to the agent

Hazard Identification

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

cause

Exposure-Response 
Assessment

Estimate how much of the 
agent it would take to cause 

varying degrees of health 
effects that could lead to 

illnesses

Risk Characterization

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

in the general population

Radiofrequency Fields



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 now being updated)
• To identify gaps in knowledge



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
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Screening Process

Health 
outcomes

Inclusion criteria

Quality criteria

Selected papers



Inclusion criteria

Epidemiological studies
Study base identified (to allow assessment of the 
representativity of the participants)

Exposed and unexposed groups considered

Relevant statistical analysis performed

Laboratory studies
At least two exposure levels, whereof one could 
be a sham exposure under otherwise similar 
conditions

Exposure conditions blinded to the participants 
(human studies only)



Quality criteria

• Epidemiological studies
• STROBE checklist, GRADE, Newcastle-Ottawa Scale

• Experimental studies
• Volunteer studies

• CONSORT statement and checklist, Gold Standard Publication Checklist
• Animal studies

• Gold Standard Publication Checklist
• In-vitro studies

• Dosimetry, statistical analysis, T control,…



Narrative review (2012-17)

• Kickoff meeting of a Core Group of experts (2012)
• International survey of radiofrequency policies (2012)

• International stakeholders meeting, Paris, France (2013)
• Online first draft for comments (Fall 2014) – over 700 comments
• Incorporation of comments in the draft (2015)

• WHO request for systematic review process (2016)
 “although the types of questions that are being examined and the 

statements that will be issued are not typical ones related to 
interventions, they will have global impact and must be based on a 
systematic review of the evidence and transparent, explicit processes that 
minimize bias. Thus the basic principles for guideline development 
apply”. 

 Contracted a methodologist 

Radiofrequency Fields
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Systematic reviews

• A systematic review is a scientific investigation that focuses on a 
specific question and uses explicit, prespecified scientific methods to 
identify, select, assess, and summarize the findings of similar but 
separate studies.

• Objective is to summarize evidence from multiple studies using 
explicit methods

• Systematic reviews are designed to provide
• methodological rigour
• transparency 
• reproducibility

20Source: WHO SR workshop, 2013, Doug Altman, Centre for Statistics in Medicine University of Oxford
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Relative importance of outcomes

• To prioritize health outcomes, WHO sought the opinion of experts on the topic of 
radiofrequency electromagnetic field exposures and health 

• Online survey titled "Rating Potential Adverse Health Outcomes of Exposure to 
Radiofrequency Fields" (2018)

• Over 300 RF experts were invited, and 167 responses received. 
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International survey of priority outcomes
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Unimportant Important Critical

1. Cancer

2. Heat related

3. Fertility

4. Symptoms

5. Cognitive performance

6. Oxidative stress



Priority outcomes
Rationale



Systematic reviews
Observational and experimental studies

Observational 
studies

Human volunteer 
studies

Animal studies In-vitro studies

SR1 - Cancer SR2 - Cancer

SR3 - Adverse reproductive 
outcomes 

SR4 - Adverse reproductive 
outcomes

SR4 - Adverse reproductive 
outcomes

SR5 - Cognitive impairment SR6 - Cognitive impairment

SR7 - Symptoms SR8 - Symptoms

SR9 - Oxidative stress SR9 - Oxidative stress

SR10 – Heat and pain, burns, 
cataract, etc.

SR10 – Heat and pain, burns, 
cataract, etc.



Systematic reviews: 
Deliverables

1. Protocol submission to Environment
International

2. Registration of the protocol in Prospero
(or other appropriate protocol database)

3. Systematic review submission to 
Environment International





Technical outputs

The appraisal of the evidence for health risks associated with exposure 
to RF fields to result in 

• A Technical Report (scoping review of the scientific literature of studied 
health outcomes) 

• A series of Systematic Reviews on priority health outcomes to be published in 
a special issue of Environment International 

• An EHC Monograph that will elaborate on the health outcomes highlighted in 
the review process, using procedures for guideline development as recently 
required by WHO

• A RF Research Agenda
• Journal publications

29



Contributors

• Core Group (6 members) and expert working group members (~ 20-30)
• Systematic review teams
• Task Group members

• Individual scientists, not representatives of their organizations 
• Composition dictated by range of expertise and views, gender and geographical distribution

• Observers
• Secretariat
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Systematic Review Teams
Experts

AMRO: 8

EURO: 57

AFRO: 2
WPRO: 14

EMRO: 3

♂ 48
♀ 37



Task Group of Experts

• Call for experts (Fall 2021)

• Over 60 candidates

• 20 experts have been short-listed

• Main tasks
 review the draft of the 

scoping report
 draw conclusions for each 

health outcome in the EHC 
monograph based on the 
scoping report and the 
systematic reviews

https://www.who.int/news-room/articles-detail/call-for-experts-who-task-group-on-
radiofrequency-fields-and-health-
risks#:~:text=The%20World%20Health%20Organization%20(WHO,WHO%20monograph
%20on%20Radiofrequency%20fields

https://www.who.int/news-room/articles-detail/call-for-experts-who-task-group-on-radiofrequency-fields-and-health-risks:%7E:text=The%20World%20Health%20Organization%20(WHO,WHO%20monograph%20on%20Radiofrequency%20fields


The Word Health Organization 

3
4

"Health is a complete state 
of physical, mental and 
social well-being, and not 
merely the absence of 
disease or infirmity“
WHO's Constitution (1948)



Is there a health risk from Wi-Fi –
results of a systematic review

© GSMA 2022

Professor Martin Röösli
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Swiss Tropical and Public Health 

Institute
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Is there a health risk from Wi‐Fi:  

results of a systematic review

Martin Röösli, Swiss Tropical and Public Health 

Institute, Allschwil (Basel)

The 11th GSMA EMF Forum, London
11 October 2022



8GSMA Forum, London, 11.10.2022 WiFi Review Martin Röösli

https://www.tandfonline.com/doi/full/10.1080/10643389.2021.1951549
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Exposure vs. distance from laptop

Peyman et al., Health Phys, 2011

1 V/m
1 V/m

Measurements during maximum data transmission (Peak = average)

2.4 GHz 5 GHz
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Personal measurements of 148 adolescents from Greater
London (2015-2018)

https://www.sciencedirect.com/science/article/pii/S0013935122005795

https://www.sciencedirect.com/science/article/pii/S0013935122005795


11GSMA Forum, London, 11.10.2022 WiFi Review Martin Röösli

Personal measurements of 148 adolescents from Greater
London (2015-2018)

Median Total EMF: 
100 μW/m2 (0.19 V/m)

Median WiFi:

7.7 μW/m2 (0.05 V/m)

ICNIRP limit: 10 W/m2

(i.e. >1 million higher than median 
WiFi level)



12GSMA Forum, London, 11.10.2022 WiFi Review Martin Röösli

Typical levels: <0.2 V/m

Arribas, AHRT, 2022 
https://arhiv.imi.hr/index.php/arhiv/article/view/1531

https://arhiv.imi.hr/index.php/arhiv/article/view/1531
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Motivation

• WLAN devices transmit short pulses 

(bursts), depending on the actual data 

traffic in the network 

(in stand-by a duty cycle of 10 Hz). 

• In the absence of data traffic, peak to 

average ratio (crest factor) is about 100).

• To be speculated that this type of 

exposure is particularly biologically 

relevant.

• Complaints: sleep problems, headache 

and other non-specific symptoms

Schmid et al., BioEM, 2020



14GSMA Forum, London, 11.10.2022 WiFi Review Martin Röösli

Existing reviews

• Foster & Moulder (2013):

- Few studies included due to stringent 

inclusion criteria

- “Several studies observed biological effects 

due to WiFi-type exposures, but technical 

limitations prevent drawing conclusions 

about possible health risks”

• Wilke (2018):

- Not peer-reviewed; > 100 studies included

- “damage to the reproductive system, 

impacts on the EEG and brain functions, as 

well as effects on the heart, liver, thyroid, 

gene expression, cell cycle, cell 

membranes, bacteria, and plants.”



15GSMA Forum, London, 11.10.2022 WiFi Review Martin Röösli

Existing reviews

• Pall (2018):

- oxidative stress, sperm/testicular damage, 

neuropsychiatric effects including changes in 

the encephalogram (EEG), apoptosis, cellular 

DNA damage, endocrine changes, and 

calcium overload are established effects of 

WiFi exposure.

→ Quality?
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Methods

• Systematic literature screening (Pubmed, EMF-Portal etc.)

• Main inclusion criteria:

- In vivo, in vitro, human experimental, epidemiology

- Real WiFi signal

• Systematic quality evaluation

- Experiment: with sham condition

≥ single blinded

exposure contrast characterized 

- In vivo, in vitro:dosimetry conducted

- Epidemiology: selection of study participants

basic confounders (age, gender, sociodemographic factors)
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Literature search
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Literature search
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Included publications

Study type Reference

Epidemiological Bektas et al. (2020)

Bolte et al. (2019), including 

Bogers et al. (2018) (pilot study)

Guxens et al. (2019)

Huss et al. (2015)

Redmayne et al. (2013)

Human 

experimental
Andrianome et al. (2017)

Andrianome et al. (2019)

Danker-Hopfe et al. (2020)

Hosseini et al. (2019)

Papageorgiou et al. (2011)

Zentai et al. (2015)

Study type Reference

In vivo Ait-Aissa et al. (2010)

Ait-Aissa et al. (2012)

Ait-Aissa et al. (2013)

Dasdag et al. (2015)

de Gannes et al. (2012)

de Gannes et al. (2013)

Laudisi et al. (2012)

Sambucci et al. (2010)

Sambucci et al. (2011)

In vitro Kuzniar et al. (2017)

Schuermann et al. (2020)



20GSMA Forum, London, 11.10.2022 WiFi Review Martin Röösli

Summary findings in vivo / in vitro studies

- High exposure levels

- Mostly no association between WiFi exposure and the assessed readouts in respect 

to neuro- and genotoxicology, reproduction and immunological parameters

▪ Eg. Sambucci et al. (2010), 3 groups of mice exposed after mating, newborn

analysed after 5 and 26 weeks. 

+Higher body weight in male week 5

- Mating success, number of newborns/mother, body weight (female at week 5 and 26, 

male at week 26), spleen cell number, B cell frequency, antibody serum levels (IgM, 

IgG), ex vivo antibody production (IgM, IgG), B cell proliferation



21GSMA Forum, London, 11.10.2022 WiFi Review Martin Röösli

Summary findings: epidemiology and human experiments

• Epidemiological studies:

- Weak exposure assessment

- Low exposure levels

- Risk of exposure misclassification due to low contribution of WiFi exposure to total 

RF-EMF exposure

• Human experimental studies

- More informative than epidemiological studies

▪ e.g. because of realistic exposure scenarios, control of confounder

- Acute effects found unlikely, even in sensitive (EHS) individuals



22GSMA Forum, London, 11.10.2022 WiFi Review Martin Röösli

Human experimental study

• Post review: No effect on emotional and procedural memory but overnight improvement 

in the declarative task, most likely chance as not supported by corresponding EEG 

measurements (Bueno-Lopez et al, J. Sleep Res, 2021).

Danker-Hopfe et al, IJHEH, 2020

• Whole night Wi-Fi exposure: high quality exposure 

set up, mimicking an extreme, but still realistic 

situation close to the head during sleep (max 

psSAR10g: 6.4 mW/kg).

• Double-blind, sham-controlled, randomized, fully 

counterbalanced cross-over study (n=34 young 

male adults), five nights per individual.

• No effect: recorded sleep macrostructure, and sleep 

microstructure (24 out of 25 EEG parameters).

• Effect: Reduced alpha band during NREM sleep.



23GSMA Forum, London, 11.10.2022 WiFi Review Martin Röösli

Conclusions: quality matters

• Little evidence that WiFi exposure is a health risk in the everyday environment, 

where exposure levels are typically low.

• No evidence that WiFi exposure may be more problematic than other types of 

RF-EMF. 

• Number of studies limited. 

• More systematic experiments needed to clarify the role of the signal 

characteristics. This would also be useful for any new technology to be 

implemented such as 5G.

• Low quality studies are more likely to report effects (in line with other reviews).

• Reporting needs to be improved.

• Review was used for BAG fact sheet on WiFi: 
https://www.bag.admin.ch/bag/en/home/gesund-leben/umwelt-und-gesundheit/strahlung-

radioaktivitaet-schall/elektromagnetische-felder-emf-uv-laser-licht/emf.html

https://www.bag.admin.ch/bag/en/home/gesund-leben/umwelt-und-gesundheit/strahlung-radioaktivitaet-schall/elektromagnetische-felder-emf-uv-laser-licht/emf.html


Thank you for your attention

Martin Röösli
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Assessing EMF 
compliance of 5G 
network equipment
Mike Wood
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Edition 3 Approved – publication November 2022

Key changes include:

➢ Increased frequency range from 100MHz to 300GHz

➢ 5G Beam forming assessment methods

➢ Actual or ‘realistic’ power assessments for 5G base 
stations

➢ Case studies from live 5G networks illustrating power 
monitoring and controls

➢ Methods valid for assessing compliance to ICNIRP 2020

IEC 62232 ED3 – Key Changes

More Information - IEC Blog
https://www.iec.ch/blog/iec-approves-new-5g-emf-exposure-assessment-methods-standard-base-stations

https://www.iec.ch/blog/iec-approves-new-5g-emf-exposure-assessment-methods-standard-base-stations
https://www.iec.ch/blog/iec-approves-new-5g-emf-exposure-assessment-methods-standard-base-stations
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What we will focus on:

• Measurements on live (commercial) 5G network
• 5G is here and it can be measured.

• Power Monitoring & Control (PMC) systems (see IEC 62232) 
case study

• How do they work? Are they effective?

Three different scenarios to test PMC feature

S. Adda et al., "A Methodology to Characterize Power Control Systems for Limiting Exposure to Electromagnetic 
Fields Generated by Massive MIMO Antennas," in IEEE Access, vol. 8, pp. 171956-171967, 2020
doi: 10.1109/ACCESS.2020.3024764



Measurement Site 5G base station (source of EMF):
Starting from initial compliance (1) 
at nominal power, we increased 
power (2) and switched the Power 
Monitoring and Control on (3).

We monitored power and resource 
blocks.

Measurement point: 
We used a cell phone with UDP 
transmission to activate a beam.

Exposure monitored during 
transmission.



Power Monitoring and Control on antenna’s
input power

Channel Power is an 
indicator of the exposure

P0 increased 
by 5 dB

P0 compliant with 
EMF limits

P0 is limited by PMC

Nominal Power 
and PMC off Increased Power

and PMC on

Channel Power
increased by 5 dB

Increased Power 
and PMC off



Exposure is limited - Coverage is preserved

Traffic Channel
Control Channel

Control and Traffic at the 
same level

Control and Traffic at the 
same level, increased

by 5 dB

Control increased by 5 dB, 
traffic limited

Nominal Power 
and PMC off

Increased Power
and PMC on

Increased Power 
and PMC off



Conclusions:

• Power Monitoring and Control (PMC) system does the job:
• It limits exposure without limiting coverage

• PMC helps to ensure compliance to exposure limits:
• Once activated, it takes care of limiting exposure without any 

further action

• Future inclusion of IEC 62232 in Italian national standards
• CEI 211-7/Annex E about measurements of EMF generated by base 

stations



Mandating of public EMF limits in the 
UK and mmWave spectrum for 5G
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Download 5G mmWave safety 
report
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Download EMF Forum materials

EMF Forum event guide
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mmWave safety report Event survey
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