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1 Context, purpose and methods of carrying out 
the expertise  
 

 

1.1 Background and purpose of the referral 

 
The Anses was referred to on January 9, 2019 by the ministries in charge of health, 

environment and economy to carry out the following expertise: "Exposure to electromagnetic 

fields related to the deployment of the "5G" communication technology and associated health 

effects". 
 
The deployment of 5G communication infrastructures aims to foster the development of 

innovative services for both individuals and corporate users in a variety of fields such as 

healthcare, media, transport and the industries of the future. Indeed, two important trends are 

driving the mobile technology industries to develop a new generation communication network 

the very significant increase in wireless services, which requires faster and higher capacity 

networks to deliver content-rich services, such as videos, and the growth prospects of the 

Internet of Things (IoT), which are fueling the need for massive device connectivity, but also 

for very reliable and low-latency connectivity (delay in communication time) for applications 

such as connected cars, industrial automation or even some applications in the healthcare 

field. 
 
These developments require not only the use of frequencies already used by previous 

generations of mobile telephony, but also the use of new frequency bands. Among them, two 

frequency bands have already been identified for future deployment in France: the 3.5 GHz 

band (3.4-3.8 GHz) will ensure the objective of very high-speed mobile telephony coverage, 

and the 26 GHz band (24.25-27.5 GHz) will cover communication needs for a large number 

of objects and low latency over a very localized geographical area. 
 
These technological developments will not only change the way the population is exposed, 

but will also necessitate adapting the methodologies for measuring and estimating these 

exposures. 
 
In order to support the deployment and development of 5G, the Government presented its 

national 5G roadmap1 on July 16, 2018. One of the four workstreams launched by the 

Government aims to "ensure transparency and dialogue on deployment and public 

exposure". 
 
The referral of the Anses is broken down into three points: 
 

1. A description of the characteristics and nature of the signals transmitted. 
 
2. An assessment of the level of human exposure related to 5G technology 

mobile communications. 
 
3. A review of existing knowledge on health effects related to exposure to 

electromagnetic fields in the 3.5 GHz and 26 GHz bands.  
 

 

1 https://www.economie.gouv.fr/files/files/Actus2018/Feuille_de_route_5G-DEF.pdf 
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Noting the convergence of their concerns, Anses and ANFR wanted to build a joint scientific 

program to describe the technical characteristics of 5G technology, including radiating 

devices specifically developed for 5G in the context of pilot deployments, and to assess 

population exposure levels based on measurements taken in pilot areas without users, 

whose tests were exploratory.  
 
The response to the referral is therefore provided in the form of complementary reports from 

the Anses and the ANFR: 
 

- two ANFR reports: the first, published in July 2019, is a general presentation of 5G from the 

perspective of human exposure2 ; the second, published in an intermediate version in July 20193 

and updated in April 20204 , presents the results of exposure measurements carried out during 

the pilot tests  
5G.  

- two Anses reports, a preliminary report published in January 20205 that identified available 

studies on possible health effects related to exposure to electromagnetic fields in the 3.5 

GHz and 26 GHz bands, and the report of this expert assessment that aims to evaluate the 

level of evidence associated with the effects studied in the scientific literature. 
 
The expertise is also part of a strong societal expectation, emerging from a public 

controversy that accompanies the deployment of 5G in France and abroad (cf. 2.2), and 

which has the dual characteristic of reopening the debate on human exposure to radio 

frequencies and of involving a wide variety of actors with a plurality of points of view 

(associations, citizens, political representatives and parties, local authorities, but also doctors 

and scientists). 
 
 
 

1.2 Processing methods: means implemented and organization 

 
Anses has entrusted the "5G" working group, which is part of the "Physical Agents, New 

Technologies and Major Developments" expert committee, with the task of examining this 

referral. 
 
The working group was formed following a public call for applications. The expert members 

of this group were selected for their scientific and technical expertise in the fields of 

electromagnetic fields, ophthalmology, neuroscience, dermatology, genomics, membrane 

biology, and social sciences. The working group was established in January 2020 and met 

14 times in plenary sessions between January 2020 and March 2021. 
 
The Anses has also commissioned a study from the Laboratoire Interdisciplinaire Sciences 

Innovations Sociétés (Lisis) to quantify the media coverage of the controversy associated 

with 5G technology between 2019 and 2020.  
 
 

2 https://www.anfr.fr/fileadmin/mediatheque/documents/expace/CND/Rapport-ANFR-
presentation-generale-5G.pdf.  

3 https://www.anfr.fr/fileadmin/mediatheque/documents/expace/CND/Rapport-ANFR-resultats-
mesures-pilotes-5G.pdf.  

4 https://www.anfr.fr/fileadmin/mediatheque/documents/5G/20200410-ANFR-rapport-mesures-
pilotes-5G.pdf. 

5 https://www.anses.fr/fr/system/files/AP2019SA0006Ra.pdf. 
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The expert work was regularly submitted to the ESC (both on methodological and scientific 

aspects). The report produced by the working group takes into account the observations and 

additional elements discussed with the members of the ESC. 
 
This work is the result of a group of experts with complementary skills. 
 
The expertise was carried out in compliance with the NF X 50-110 standard "Quality in 

expertise - general competence requirements for an expertise (May 2003)  
 

 

1.3 Avoiding the risk of conflicts of interest 

 
The Anses analyses the links of interest declared by the experts before their appointment 

and throughout the work, in order to avoid the risk of conflicts of interest with regard to the 

points dealt with in the expertise. 
 
The declarations of interest of the experts are published on the website 

https://dpi.sante.gouv.fr/. 
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2 5G deployment and associated public 
controversy  
 

 

2.1 Deployment of 5G in France and abroad 

 
2.1.1 Introduction 

 

5G is the technical standard for 5th generation mobile telephony and, as such, it succeeds  
à 4G and can be used in addition to 2G, 3G and 4G. The main characteristics of this 

technology were described in the preliminary report published by Anses in January 2020 

(Anses, 2020). 
 
The 5G standard is particularly open and flexible, both in terms of configuration and uses 

(mobile broadband, Internet of Things, automatic driving, telemedicine, etc.). 
 
5G can be deployed in several different ways, relating to frequency bands and its 

infrastructure (stand-alone and non-stand-alone mode6). The  
« refarming", for example, consists in using a frequency band allocated to 4G for 5G. This 

reallocation allows 5G to be transmitted with conventional antennas. 
 
Dynamic Spectrum Sharing (DSS) allows 4G and 5G to be transmitted simultaneously in the 

same frequency band. 
 
Carrier aggregation is the adaptive and dynamic use of multiple frequency bands to increase 

throughput based on available bands. 
 
These concepts are detailed in section 4.2. 

 

2.1.2 Deployment at the international level 

 
Fifth generation mobile telephony has begun its deployment at different rates in different 
countries and continents. 
 
On April 3, 2019, South Korea became the first country to deploy 5G in its territory, followed 

by Australia in July 2019. South Korea currently has the highest penetration rate in the world, 

with 60% of mobile subscriptions expected to be plans that include 5G by 2025. As 

elsewhere in the world, the 5G network will initially rely on existing 4G infrastructure (non-

stand-alone mode, or NSA) in the sub-6 GHz frequency range (referred to as "FR1," although 

this range may extend to around 7,125 MHz). 
 
The use of stand-alone (SA) infrastructure has begun in the U.S. and China, while other parts 

of the world will not get fully 5G infrastructure until at least 2021 (with predictable disparities 

between countries). 
 
In addition, 5G uses specific frequency bands that were not allocated to previous generations 

of cell phones, namely the 3.4-3.8 GHz band and the  

 

6 In summary: infrastructure based entirely on 5G specifications, or partially. The technical concepts 
used in this chapter are detailed in chapter 4.2. 
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millimeter waves from 24 GHz. The deployment of 5G in the 3.5 GHz band represents the 

"core network" band with a balance between coverage and throughput, while the use of the 

"millimeter wave" range will not be widespread for several years. However, there are some 

developments in this range in the United States, Japan and marginally in Europe. In China, 

the first developments are expected from 2022.   
Finally, at frequencies below 6 GHz, 5G can use conventional antennas that are not designed to 

employ massive MIMO (see Section 4.2) and beamforming techniques, employing frequency 

separation (FDD) of uplink (phone to base station) and downlink (base station to phone) 

channels. This is the case, for example, of the 700 MHz band that has not yet been allocated in 

several countries, or of the 2100 MHz band that has already been allocated to 3G and 4G and 

whose use is partially reallocated to 5G ("refarming"). This deployment in the conventional 

frequency bands is primarily intended to meet 5G coverage needs, while the 3.5 GHz antennas 

and those operating in the "millimeter wave" range are intended to achieve high data rates. This 

deployment strategy is being implemented in Europe, the United States, Latin America and 

Australia. It is planned for China, Japan and Korea from 2021. 
 
The deployment of 5G has been strongly encouraged by the European institutions, notably 

via the creation and funding in 2013 of a public-private partnership dedicated to research on 

the topic (5G Public Private Partnership7), with a budget of €700 million in public funds. The 

European Commission's deployment action plan, presented in 2016, called for a coordinated 

commercial launch in 2020 that includes coverage of one city per member state in 2020 and 

all urban areas and major transport routes by 2025. The identification and allocation of 5G 

spectrum was also to be a collaborative effort between member states and industry players. 

Organizing 5G trials at the European level starting in 2018, promoting common standards at 

the global level, and encouraging the adoption of national roadmaps were also objectives of 

the plan. 
 
In the UK, operator EE officially launched its commercial services on May 30, 2019, with the 

first phase of the rollout focused on the combined use of 4G and 5G technologies. The 

second phase is the move to a full 5G core infrastructure (standalone mode) and an increase 

in Internet of Things-enabled capabilities. The third phase, starting in 2023, will be dedicated 

to Ultra Low Reliable Low Latency Communications (URLLC), network slicing and higher 

data rates. Vodafone, meanwhile, began its 5G rollout in July 2019, after EE. 
 
In Switzerland, the operator Swisscom had announced a coverage of 90% of the population by 

the end of 2019, a similar rate was advanced by Sunrise while Salt was banking on the second 

half of 2019. These announcements were made at the time in the context of a moratorium in favor 

of halting the deployment of 5G, for fear of the possible effects of electromagnetic fields. 

Following a major demonstration in Bern and petitions, several cantons have indeed suspended 

the procedures for the construction of new antennas in 
 
 

7 https://5g-ppp.eu/  

The 5G PPP will deliver solutions, architectures, technologies and standards for the ubiquitous next 
generation communication infrastructures of the coming decade. The challenge for the 5G Public 
Private Partnership (5G PPP) is to secure Europe's leadership in the particular areas where Europe is 
strong or where there is potential for creating new markets such as smart cities. 
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in the name of the precautionary principle. However, operators continue to activate their 5G 

antennas. 
 
On June 24, 2019, Italian operator Telecom Italia (TIM) deployed commercial 5G in Rome 

and Turin. Vodafone also deployed its network in these two cities, among others, and on July 

26, 2019, to expand 5G in Italy, TIM and Vodafone reached an agreement to merge their 

22,000 antenna sites.   
Japan began its deployment in 2020, while in China the rights to use the first frequency 

bands were awarded in June 2019. 
 
In the United States, the 3.5 GHz band is primarily used by the military, which prohibits its 

use for immediate 5G deployment. For this reason, the 24 - 28 GHz band was initially chosen 

for 5G deployment, despite its lower ranges. The operators are AT&T, Verizon and Sprint. 

The U.S. government plans to invest $20 billion to ensure deployment in less populated 

areas. 
 
Figure 1 shows the status of 5G commercial development investments worldwide as of 

August 2020. A distinction is made between the deployment of 5G and its commercial 

development for users. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Worldwide 5G Deployment - August 2020 
 
 

 

2.1.3 Deployment in France 

 

While the deployment of 5G was planned in France for 2020, in accordance with the European 

agenda, the Covid-19 health crisis has upset this schedule. On December 31, 2019, the French 

regulatory authority for electronic communications and posts (Arcep) had announced 
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that the call for applications for the allocation of frequencies in the 3.4 - 3.8 GHz band and 

the order launching the allocation procedure had been published in the Journal Officiel. The 

deadline for submission of applications by operators was set at 25 February 2020, while the 

procedure for awarding and issuing frequency use authorizations was scheduled for 21 April 

2020. However, in a press release dated April 2, 2020, Arcep stated that "the current 

circumstances of the health crisis have not allowed the necessary preparations to be made 

for the material organization of this auction, which was initially scheduled for April.    
At the same time, appeals on the merits and in summary proceedings against 5G were filed with 

the Council of State by the associations Priartem and Agir pour l'environnement, fearing the 

possible effects of a hasty launch of this technology in the absence of an environmental and 

health assessment. These appeals, filed on February 17, 2020, called for the suspension of legal 

texts relating to the deployment of 5G8, invoking the precautionary principle enshrined in the 

2004 Charter of the Environment, energy and electromagnetic sobriety, as well as European and 

national regulations on health protection. These two associations had already put online - in 

October 2019 - the petition "Stop 5G" asking "the government to adopt a moratorium on the 

allocation of 5G auctions." 
 
À It should also be noted that the CFE-CGC union at Orange had filed an additional appeal 

against what it considered to be irregularities likely to harm the group's employees. 
 

The auctions for the allocation of 5G frequencies took place from September 29 to October 1, 

2020. They enabled the four national operators, Bouygues Telecom, Free, Orange and SFR, 

to acquire frequencies for a total amount of €2.789 billion paid to the French state. The first 

commercial offers to the public were made in November 2020. 
 
On December 31, 2020, the Conseil d'Etat9 rejected the appeals against the State's 

procedure for allocating 5G frequencies. In particular, the High Administrative Court did not 

find that the State had committed an excess of power in defining the frequency allocation 

procedure, that the government had contravened the precautionary principle, or the 

arguments based on a failure to inform the public, relying on the two public consultations 

conducted by Arcep, from October 26 to December 19, 2018 and from July 15 to September 

4, 2019. 
 
Regarding the course of the CFE-CGC  justified by the  lack of reference 
to the  
« The Council of State considers that "the execution of the disputed acts are not of such a 

nature as to harm in a sufficiently direct and certain manner the material and moral, collective 

and individual interests. » 
 
In the meantime, several mayors of large cities have stated that they are in favor of a 

moratorium until the publication of the Anses report. 
 
The data mentioned in the following is taken from the Arcep 5G Deployment Observatory, dated 

December 15, 2020, as well as data made available to the public by the ANFR. In this paragraph, 

a distinction is made between "technically operational" antenna sites, which are capable of 

generating radio frequency radiation, and sites 
 

 

8 The Decree of December 30, 2019, on the terms and conditions for granting authorizations to use 
frequencies in the 3.5 GHz band in mainland France to establish and operate a land mobile system, 
and Decree No. 2019-1592 of December 31, 2019, setting reserve prices and fees for the use of 
frequency bands necessary for the deployment of 5G. 
9 Council of State, decision of December 31, 2020. 
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« commercially open" which, as the name suggests, offer services to network users. 
 
In France, as of December 15, 2020, four mobile operators share the commercial operation 

of the national base of base stations: Bouygues Telecom, Free Mobile, Orange and SFR. As 

shown in Figure 2, Free Mobile has deployed the largest number of 5G antennas in France, 

with 5,303 commercially deployed antenna sites10 , compared to 1,344 5G sites for 

Bouygues Telecom, 646 for Orange and 278 for SFR. Free Mobile therefore stands out from 

the other operators by developing, alone and massively, 5G in the 700 and 800 MHz bands. 

Bouygues Telecom, on the other hand, is currently focusing on the 1,800 and 2,100 MHz 

bands (1,323 sites versus 115 sites at 3.5 GHz). Orange has mostly deployed antennas in 

the 3.5 GHz band (the operator, with 90 MHz, has the largest frequency band), while SFR 

had 181 sites at 1 800 and 2 100 MHz and 97 sites at 3.5 GHz.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

Figure 2: Commercially open sites distributed by 5G bands 
 

Source: Arcep, 2020  
 
 
 
 

 
10 A single 5G site can consist of antennas radiating in different frequency bands. 
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À With the exception of 2 5G-only sites, as of March 1, 2021, all 21,714 sites 

5G sites authorized by the ANFR (of which 10,693, or 49.2%, have been declared technically 

operational by mobile operators11 ) are sites already using 2G, 3G and 4G technologies. 

This represents an 8.9% increase in the number of authorized 5G sites compared to 

February.   
In line with the data from the Arcep observatory, the frequency bands used are the 700 MHz 

band by Free Mobile (15,734 authorized sites, of which 7,054 are declared technically 

operational), the 2,100 MHz band (6,090 5G sites by Bouygues Telecom, Orange and SFR, 

of which 3,261 are declared technically operational) and the 3.5 GHz band (5,631 sites 

divided between the four operators, of which 1,955 are declared technically operational). 

These figures indicate a significant increase in the number of sites that can be operated 

commercially compared to the 2020 data. Note that the data is pooled: several sites defined 

by frequency band can be present on the same structure. 
 
At the same time, 4G deployment continues, with a 0.5% increase in the number of 

applications for authorization and commissioning compared to February 2021. The number of 

4G sites stands at 52,819 in mainland France, as of March 1, 2021, of which 48,053 are in 

service. 
 
In particular, the number of 4G antenna sites in service is 25,483 for Orange, 207 more than 

in February 2021, 21,621 sites for SFR, including 123 more over the same period, 21,194 for 

Bouygues Telecom, including 88 more, and 19,231 for Free Mobile, including 191 more over 

the same period. Overseas, there are 2,869 authorized sites, including 2,677 in service for 

4G.   

 

2.2 The public controversy surrounding the deployment of 5G in France 

 
Presented by its promoters as "a disruptive generation" or a "key technology" (DGE, 2016), 

5G succeeds 2G, 3G and 4G digital technologies to bring to mobile communication a leap in 

performance in terms of perceived data rates, data transmission times and communication 

reliability (Arcep, 2021). Behind these performances, there is the double promise of 

responding to the needs of exponential growth in mobile data traffic and opening up to 

service innovations from several industrial sectors and the general public. 
 
But since the announcements of its deployment, in France and abroad, 5G is also at the 

heart of a socio-technical controversy, in the sense of a public disagreement that takes place 

in several arenas, particularly the media, and that focuses on its qualities, its impacts and its 

regulation. This controversy involves a multitude of heterogeneous actors from different 

components of civil society: militant associations, isolated citizens or local groups, political 

representatives, municipalities, public agencies, but also scientists and doctors. Most of 

these actors are opposed to the deployment of 5G, because of the scientific and technical 

uncertainties surrounding the health and environmental effects associated with the operation 

and future uses of this new generation of telecommunications equipment.  

 

11 A technically operational site is an antenna site transmitting radio frequencies. It is not 
necessarily already open for commercial use. 
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In general, this controversy is re-launching the debate on the harmfulness of electromagnetic 

waves, while associating an unprecedented diversity of forms of individual and collective 

mobilization: appeals from scientists, legal actions, local demonstrations, popular online 

initiatives, important political actions, and even acts of destruction against base stations, 

whether 5G or not. In France, associations are questioning the increasing exposure to radio 

frequencies12 generated by 5G base stations, local collectives are opposing the installation 

of new equipment or their experimentation, mayors and members of parliament are asking 

the government for a moratorium on deployment to give expertise time to assess the risks. 

But above all, the controversy goes beyond the binary way of posing the debate - in terms of 

the existence or absence of risks - and rather inscribes it in a multidimensional contestation, 

dealing with the different issues of the new technical infrastructure and having as a common 

thread the criticism of the state decision-making process. In the most critical discourses, the 

promoters of the deployment program (the government, certain administrative agencies and 

industrial operators) are publicly accused of what is perceived as a triple denial: denial of the 

increase in exposure of the population to electromagnetic waves and its possible health 

effects, denial of the increase in energy consumption linked to future uses, in a context of 

climatic urgency, and, more generally, denial of democracy, the latter in the sense of a 

deployment decision taken in the absence of public debate and which does not leave any 

possibility of choice to the citizens.   
This section presents an exploratory analysis of the public controversy surrounding 5G in 

France. It questions the chronology (what are the stages of its development?), the actors 

(who is involved in the controversy?), the arenas (in which spaces and by what means does 

it develop?) and the objects (what thematic and critical frames are put forward? What are 

the issues of concern?) 
 
Three sources of data were mobilized to provide this information. The first is a series of 

interviews with actors involved at different levels in the controversy (industrial unions, 

associations, government agencies, scientific experts)13 . The second source of data 

consists of a set of heterogeneous documents emanating from these different organizations 

and individuals or from other entities involved in the issue, and dealing with 5G (its nature, its 

technical characteristics, its effects, its deployment), or with the controversy. Finally, the third 

source of data, which is also the main one, is made up of different media corpuses (press, 

social networks, scientific popularization). 
 
Based on the hypothesis of a correlation between media coverage and the direction of public 

debate, the choice was made to approach the controversy mainly through the prism of its 

treatment in the media, which is seen as a place where the controversy takes place, or even as 

an arena - among others - where the arguments of the actors concerned are produced and put 

into circulation (Neresini, Lorenzet 2016) and where the trajectories of the controversy are 

defined. 
 

 

12 The terms "electromagnetic waves", "electromagnetic fields", "radio frequencies" or their 
acronyms (respectively "OEM", "EMF", "RF"), will be used here indistinctly, as synonyms, since it is in 
this semantic uniformity that they appear in the speeches and writings that compose the material of 
this analysis.  

13 Numbering 13, these interviews were conducted by the Laboratoire Interdisciplinaire Sciences 
Innovations Sociétés (Lisis) during the second half of 2019. The following people and organizations 
were interviewed: industrial unions: MWF, FFT, AFNUM; associations: Robin des Toits, Alerte Phone 
Gate, ASEF, CCARRA, Criirem; government agencies: ANFR, Arcep; expert scientists: Annie Sasco, 
Dominique Belpomme, Joe Wiart. 
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argumentative aspects of a controversy can be observed (Chateauraynaud, 2011). The 

media arena is also, very often, the space for alert. More generally, it is a space privileged by 

actors to publicize issues of concern, and to raise ethical, justice or collective identity issues. 

In other words, the media arena provides the most explicit political dimension of a 

controversy. For these reasons, this report also focuses on the media coverage of the 5G 

controversy. Three media corpora were exploited: the first consists of press articles - general 

and specialized, national and local, print and online - covering the topic of 5G in 2019 and 

2020 (3,237 articles in total); the second consists of videos shared on the YouTube network 

and the comments they generated (508 videos and 3,208 comments); and the third consists 

of articles published online on the popular science media The Conversation, in both its 

French- and English-language versions (39 articles). The objective of this media analysis is 

not to take a position in the debates, nor to question the basis of the arguments mobilized by 

the actors involved, nor to produce a study of the media (e.g. on their role in the controversy). 

Rather, it is to report on the problem of 5G in the media sphere, since the latter can reflect 

public opinion, while contributing to its construction14.  
This part of the report is purely descriptive and is distinct from the parts dealing with the 

assessment of the health effects of 5G. The data and analyses are largely derived from two 

studies (Demortain, Féron 2020; Demortain 2021) conducted within the Laboratoire 

Interdisciplinaire Sciences Innovations Sociétés (LISIS - UMR CNRS, INRAE and Université 

Gustave Eiffel), as part of a research conducted for Anses in 2019-2021 (Convention de 

Recherche & Développement n° 2017-CRD-11). 

 

2.2.1 5G: a collection of technological developments that pose a problem 

 

Presented to the public as an overall technology, 5G, for "fifth generation" of mobile 

networks, is a conventional name for a collection of technological developments that will give 

shape to a new network in which communications will gain in speed, throughput, stability and 

the number and nature of connected objects. 
 
Thus, 5G is new antennas, new sites and media, new modes of data transmission, new 

network architectures to combine the new antennas, new cell phones with antennas 

compatible with the new network, new connected objects. But, above all, 5G is two new 

frequency bands (around 3.5 GHz and 26 GHz), in addition to those from 700 MHz to 2100 

MHz already known and used for 4G (and which in turn will require a reconfiguration of the 

associated antennas). However, this plurality of properties that make up the technological 

offer, when they enter the public arena, are loaded with additional meanings that take place 

in the debate as much as advances on the technical level as sources of concern on the 

health, environmental, but also economic, social and geopolitical.  

 

14 For a broader and deeper view of the controversy, this media analysis was informed by  

Also, additional documents that were not included in the mentioned databases. These additional 
documents were obtained from targeted queries on Twitter (184 tweets related to the 5G topic [AND 
risk OR health] collected from the Europresse database) and on the websites of audiovisual media 
and associations involved in the 5G issue (using the keyword 5G). 
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2.2.2Temporality  of the controversy 

 

Although the trajectory of a controversy is not predictable, the analysis of the media coverage 

of several environmental, scientific and technical cases, which oppose different actors with 

divergent representations and interests over time, makes it possible to identify some 

recurrences in the dimensions and temporality of a controversy. Thus, without being specific 

to it, the 5G controversy bears witness to debates on unstabilized contents, contradictory 

information and heterogeneous actors with contrasting interests and social positions. As with 

other controversies, the arguments aim to convince third parties, witnesses or observers of 

the debate, rather than the actors themselves who are debating. As for its temporality, it is 

already possible to distinguish some major phases: the beginnings, the alert, the emergence, 

the publicization (cf. Table 1).  
 
 

Table 1: Timeline and chronology of the 5G controversy 
 
Premises: the controversy over electromagnetic waves 
 

1998 - First collective opposition to the installation of 
 mobile telephony 

2006-2009 - Appearance of the cause of electro-hypersensitive people (EHS) 
   

2009 - Debates on the diffusion of Wi-Fi (Citizen's conference in Paris, 18/06) 
   

2015- … - Anti-Linky slingshot 
   

 The alert  
   

2017 5G Appeal (13/09) 
 

  

 Latency  
   

2018 - Media coverage of the technological promise 
- Roadmap, by the Government and Arcep (16/07), and experiments  

 - No adversarial and public debate 
  

 Emergence  
   

2019 - Media coverage of the first local oppositions in the local press 
- Referral of the Anses (09/01)  

- Beginning of of national media coverage: the national press reports on the  
"Rumors" about the risks of exposure to electromagnetic waves (summer 2019)  

- Call for a moratorium by Priartem-Agir Pour l'Environnement (02/10) 
 

 Advertising15  

2020 - Mobilizations on a national scale coordinated by the associations  

- Global day of protest against 5G (25/01) 
 

  

 - Priartem-APE appeal to the Council of State (17/02, announced 24/01)  

 - Interim report of the Anses (27/01)  

 - National media coverage of health risks and local opposition  

 - Citizens' Climate Conference - request for a moratorium (21/06)  

 - Request for a moratorium from the Ministers of Ecology and Health (21/06)  

 - Referral to CGEDD, CGE, IGAS and IGF for inspection mission (02/07)  
   

 

 
 

 
15 The term "publicization" is used here in the sense of the sociology of public problem 
construction (Gusfield, 2009). It defines the construction process by which the "5G problem" becomes, 
through the action of a plurality of actors or groups of actors (including the media), an object of public 
discussion. 
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2.2.2.1 The beginnings: the general controversy on electromagnetic waves 

 
The health effects of electromagnetic waves emitted by mobile telephone equipment are the 

subject of a long-standing and well-studied controversy in France16 . We can recall that the 

first part of the controversy concerning electromagnetic waves in France concerned the 

installation of relay antennas at the end of the 1990s, the first collective opposition to these 

installations appearing in 1998. The controversy was then marked by three phenomena, 

which were to be repeated later: local conflicts over the installation of equipment, sometimes 

leading to legal action, including at the national level; the creation and mobilization, locally 

and then nationally, of associations championing the cause of health protection against 

electromagnetic fields; and the production of successive expert reports to characterize the 

possible health effects of radio frequencies, following, in particular, reports highlighting their 

possible carcinogenic nature17 (see Circ, 2011). All of this is part of a controversy marked by 

the initial framing of the problem of relay antennas in terms of health risks for local 

populations. The narratives of the general controversy on electromagnetic waves in France 

often highlight a second phase, linked to the appearance of the cause of people who declare 

themselves electrohypersensitive (EHS), from the years 2006-200918. The diffusion of Wi-Fi 

(in 2008) and the deployment of Linky communicating electricity meters (from the end of 

2015) seem to mark a third and fourth phase of the general controversy on the effects of 

electromagnetic waves. Thus, 5G arrives not only as the fifth generation of cell phone 

networks, but also as the fifth stage of this general controversy on the health effects of 

electromagnetic waves, a controversy now covering multiple dimensions).   
2.2.2.2 The alert or the beginning of a controversy that starts low 

 
The beginning of the controversy over the health risks of 5G deployment can be dated to 

September 13, 2017. On this day, 180 scientists and physicians from 37 countries launch a 

transnational petition - 5G Appeal - to alert the European Commission about the massive 

increase in exposure to electromagnetic waves that will be induced by 5G and to call for a 

moratorium on its deployment pending independent health and environmental impact studies.19 

The appeal, which is specifically addressed to the European Commissioner for Health, refers to 

more than 10,000 published studies documenting the damage caused to human health and the 

environment by radio frequency radiation: the signatories call for immediate action to protect 

humanity and the environment. The drafters are also concerned about the alteration of the Earth's 

electromagnetic environment by the thousands of 5G satellites planned in the technical scheme, 

they see it as a threat to life and they call for a ban on their deployment. The appeal also 

denounces the exclusion of scientists specializing in electromagnetic fields from the debate on 

the development of 5G led by industry and national governments. It cites various Conventions, 

Declarations, Charters, Reports signed at the United Nations or in other international forums to 

urge its 
 
 

16 See for example: Borraz 2008; Chateauraynaud, Debaz 2010; Dieudonné, 2019; Ollitrault 2014.  

17 It is classified as "possibly carcinogenic to humans" (Group 2B).  

18 During this period, the media will deal with the theme of EHS by making public a few cases 
that will give substance to the claim of greater individual sensitivity to waves (see Anses, 2018).  

19 www.5gappeal.eu 
 
 
 
Public consultation version page 28 / 241 March 
2021

http://www.5gappeal.eu/


Anses ● Collective expertise report Referral n° 2019-SA-0006 "5G"  

 

recipients to take immediate action to halt the deployment of 5G, educate citizens about the 

health risks of radio frequency radiation, implement wired communications in place of 

wireless, establish standards, and implement a regulatory framework outside of industry 

influence. 
 
The call receives two first responses, dated 12/10/2017 and 29/11/2017 (published on the call 

website). The first, made by email from the Director General of Health and Food Safety in 

Luxembourg, mentions the work of the Icnirp (International Commission on Non-Ionizing 

Radiation Protection) and the Scientific Committee on Emerging and Newly Identified Health 

Risks (Scenihr) as providing evidence that exposure to electromagnetic fields does not represent 

a health risk, if it remains below the limits set by Council Recommendation 1999/519/EC20. The 

letter also recalls the legal framework established by the Radio Equipment Directive21 as 

guaranteeing the safety of radio equipment placed on the EU market. Then it recognizes the need 

to constantly update scientific knowledge, which will also have to be taken into account in the 

development of 5G technology. This knowledge - it says - will contribute to the objective of 

balancing the exposure of the general public to electromagnetic fields with the quality of life 

benefits of 5G (including e-health).22 As for the second response, it is sent by the Cabinet of the 

European Commissioner for Health in Brussels. It merely reiterates the scientific soundness of 

the studies mobilized in the context of the various Scenihr opinions on the potential health effects 

of exposure to electromagnetic fields23 . But above all, it refutes the request of the signatories of 

the appeal to apply the precautionary principle. She explains that the use of this principle to stop 

the distribution of 5G products appears to be too drastic a measure, and that before that "we must 

first see how this new technology will be applied and how the scientific evidence will evolve". 

Three more responses will be sent to the authors of the call - Lennart Hardell and Rainer Nyberg 

- following their various rebuttals, dated April 27, 2018, September 5, 2019, and December 19, 

2019, respectively, suggesting that a non-convergent dialogue has taken place between the 

parties.24 In the last response, it is stated that new guidelines are expected from the Icnirp. 
 
Drafted in English, the 5G Appeal was signed in France by seven doctors and scientists, most of 

whom have long been mobilized against the risks associated with mobile telephony and exposure 

to radio frequencies (Marc Arazi, Dominique Belpomme, Philippe Irigaray, Vincent Lauer and 

Annie Sasco)25. At the time of its launch, the appeal was invisible in the French press, and 

ignored on social networks26. Launched in September 2017, the 5G Appeal will not be the 

subject of 

 

20 https://ec.europa.eu/health//sites/health/files/electromagnetic_fields/docs/emf_rec519_en.pdf  

21 Directive 2014/53/EU.  

22 The text of the response is published online: http://www.5gappeal.eu/wp-
content/uploads/2018/06/reply_ryan.pdf.  

23 http://www.5gappeal.eu/wp-content/uploads/2018/06/reply_vinciunas.pdf.  

24 All of these exchanges are presented in an article published by the authors of the call - L. Hardell 
and R. Nyberg - in the journal Molecular and Clinical Oncology (see Hardell, Nyberg 2020).  

25 The other two French signatories are Victor Norris, professor emeritus of biology at the 
University of Rouen, and Stefan Naumann, anesthesiologist.  

26 It's worth noting that, over the course of 2019, there are only about 50 tweets in total on the 
issue of 5G health issues. These tweets generate little, if any, activity in turn, being little relayed or 
retweeted. 
 
 
 

 

Public consultation version page 29 / 241 March 
2021



Anses ● Collective expertise report Referral n° 2019-SA-0006 "5G"  

 

than two press articles in France, which appeared during the summer of 2019, respectively in 

Le Monde27 and in the regional daily Le Journal de Saône et Loire28 . 
 
Since its launch, the appeal has been reissued several times. To date (end of February 

2021), it is translated into 7 languages on its website and has more than 415 signatories in 

39 countries. 

 

2.2.2.3 Latency 

 
The shift from alert to publicity is not immediate. The year 2018 does not yet show a 

controversial character of 5G. Both the print press and social networks focus instead on the 

technological promise delivering a number of releases on 5G applications, the technological 

leap from 4G, the maturity of the technology among French operators, the possible dates of 

arrival of the technology in France. One of the only tweets issued that year to express 

concern about 5G came from a Swiss online media - Nouvo RTS, a magazine about new 

technologies - which emphasized the possible risks associated with the multiplication of 

electromagnetic waves, especially those produced to link new connected objects to the 

infrastructure.29  
In France, 5G became a national hot topic in 2018 when the government, in partnership with 

Arcep30, presented the roadmap for the national deployment of the technology during the 

summer (July 16, 2018). This roadmap - presented by Mounir Mahjoubi, Secretary of State for the 

Digital Economy, Delphine Gény-Stephann, Secretary of State to the Minister of Economy and 

Finance, and Sébastien Soriano, President of Arcep - includes four priority workstreams: (1) 

planning and implementing the allocation of radio frequencies; (2) launching experiments and 

pilot projects across the country to bring out new uses; (3) supporting the reinforcement of 

existing infrastructures and the deployment of new ones; and (4) ensuring transparency and 

dialogue with stakeholders about deployments and public exposure. This last project will be 

based, on the one hand, on the referral of the Anses and the Agence nationale des fréquences 

(ANFR) by the Ministries of Ecological Transition, Health, and Economy and Finance to assess 

the exposure of the population to 5G electromagnetic fields and the associated health effects, 

and, on the other hand, on the discussion of the work of the two Agencies with stakeholders, 

within the framework of their Dialogue Committees. This report emanates from the Anses referral 

(letter of January 9, 2019). 
 
The year 2018 is above all the year in which the private mobile operators' experimental 

projects31 are carried out. Authorizations are given by Arcep, which will publish the map of these 

projects at the end of December 2018. So far, 5G has not been the subject of controversy in 

France, and neither the ministries concerned, nor Arcep, nor the Anses or ANFR, are grappling 

with a real contradictory and public debate on the risks of 5G. Instead, the most widespread 

public discourse is about the 5G program and the associated promises. 
 

 

27 Mathilde Damgé, "'5G appeal': why this petition on waves and health is overly alarmist," Le 
Monde.fr, September 24, 2019.  

28 Jean-Michel Lahire, "Does 5G present a danger?", Le Journal de Saône et Loire, September 7, 
2019.  

29 "Is 5G a health hazard? " https://www.rts.ch/play/tv/nouvo-news/video/la-5g-un-danger-pour-
la-sante-?urn=urn:rts:video:10091243. 

30 Regulatory Authority for Electronic Communications and Posts.  

31 In particular in Belfort, Bordeaux, Douai, Grenoble, Lannion, Lille, Lyon, Marseille, Nantes, 
Toulouse, Sophia-Antipolis and Ile-de-France. 
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Even the websites of associations now involved in the controversy do not show any activity 

on 5G during this year, while in December 2017 the association Priartem had relayed the 

petition "5G Appeal" in its Letter No. 36.   
In 2018, 5G is only the subject of controversy outside of France32. In Switzerland, the Council of 

States rejects the relaxation of precautionary provisions and the Federal Department of the 

Environment mandates a joint working group - "Mobile Telephony and Radiation" - to weigh the 

needs and risks of 5G network deployment. While this working group is working on its task, 25 

parliamentary interventions are tabled on the subject of 5G and the effects of non-ionizing 

radiation on human beings and the environment. A collective of citizens created the website 

www.stop5G.ch in November. Local opposition multiplies in the cantons. In Belgium, a citizens' 

initiative - Ondes.brussels - is launched in March 2018 by Brussels associations and citizens 

concerned about the effects of electromagnetic waves on health and the environment. In 

November 2018, Ondes.brussels asks the Brussels parliament to stop the deployment of 5G in 

the Brussels region. Its initiative follows  
à two reports published by the collective in March and November 2018 respectively, the first 

to document the risks associated with wireless technologies already in place, and the second 

to document the concerns associated with 5G technology.33 France will remain largely 

outside of these initial European mobilizations in 2018. 

 

2.2.2.4 Emergence 
 
In 2019, the government is working to prepare the auction of frequencies, with Arcep. In the 

meantime, the Ministries of Ecological Transition, Health and Economy refer to the Anses, in 

January 2019, to conduct an assessment of the exposure of populations to electromagnetic 

fields related to the deployment of 5G, and the associated health effects. The news received 

almost no media coverage, with only the website of the newspaper Libération mentioning 

it34. The press continues to focus on the promises of 5G technology and its deployment 

schedule in France. It is only during the first opposition of local residents to the installation of 

relay antennas that the media coverage of 5G is reoriented around the unfavorable positions 

that the new technology and its infrastructure arouse among some citizens. 
 
5G becomes the object of mobilizations from January 2019, when conflicts at the local level 

emerge. At the beginning of the year, the newspaper Le Progrès covered the opposition of 

residents to the installation of an "evolving relay antenna", eventually allowing the deployment of 

equipment for 5G, in Neuville-sur-Saône35. In March 2019, the Grenoble edition of the 

newspaper 20 Minutes reports on a news item circulated on social networks, according to which 

the trees on Rue Lesdiguières in Grenoble had been cut down to prepare the neighborhood 
 

 

32 The European consortium of investigative journalists Investigate Europe will devote 19 articles 
to 5G issues in January 2019 alone.  

33 From Belgium will also start an appeal of researchers and doctors against 5G, officially 
launched in May 2019: the Electrosmog Appeal Belgium. The movement calls for the application of the 
precautionary principle.  

34 "Is the development of 5G dangerous for health? ", Libération (website), February 15, 2019.  

35 "The project of relay antennas abandoned but not discarded," Le Progrès - Lyon, January 18, 
2019; Serge Naltchayan. "After an anti-roof battle, an anti-5G battle? ", Le Progrès - Lyon, January 18, 
2019. 
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to tests of 5G36. In May 2019, Ouest-France reported on the opposition of local residents to 

the installation of a relay antenna on the summit of Mont des Avaloirs in Mayenne. A local 

resident, responsible for a website promoting this tourist site, encourages other residents to 

express their opposition to 5G, in a preventive manner37. On August 8, 2019, the newspaper 

Le Parisien reported the formation of a local collective to prevent the installation of a 5G relay 

antenna in Gargenville38. 
 

2.2.2.5 Advertising 
 
It is shortly before the summer of 2019 that the subject of the 5G controversy rises in generality, 

coming to be included in the agenda of national daily newspapers. From local and punctual 

mobilizations against the installation of relay antennas, we move to the question of the more 

general dangerousness of this generation of equipment. While articles on the risks of 5G were 

sporadic until then39 , they became more frequent during the summer. The website of the 

newspaper Le Figaro reports on the "rumors" surrounding the risks associated with exposure to 

radio frequencies40. Le Monde, in August 2019, produces several fact-checking articles, on the 

case of the trees supposedly cut down for 5G experiments in Grenoble41, or on the Brussels 

mobilization against 5G42. The same newspaper covers the "5G Appeal" petition in August 2019, 

insisting on the exaggerated nature of statements about its dangerousness43. But the headline 

reports for the first time in the same month on what is known about the dangers associated with 

5G44. A change in the framing of the subject of the controversy occurs, with this nationalization of 

the subject: there is less talk of relay antennas - the symbolic objects of past controversies on 

mobile telephony - than there is about an overall technological system, a new-generation 

infrastructure45.  
It is after this extension to the national level of the subject, and the rise in force of the debate on 

the general harmfulness of 5G that the most visible mobilization takes place: on October 2, 2019, 

the associations Priartem and Agir pour l'Environnement launch a call for a moratorium on the 

deployment of 5G in France. Fourteen other associations of environmental health or mobilized on 

the issue of electromagnetic waves join the call (Association Santé Environnement France, 

Associations Familiales Laïques, Réseau Environnement 

 

36 Alexis Orsini, "Are trees regularly cut down for 5G tests? ", 20 Minutes, March 21, 2019.  

37 Alix Demaison, "There is no question of 5G in the Avaloirs," Ouest-France, May 30, 2019.  

38 Virginie Wéber, "Yvelines: they do not want the 36-meter relay antenna in their neighborhood," 
Le Parisien, August 8, 2019.  

39 E.g. Leila Marchand, April 6, 2019, "5G: what do we know about its effects on health? ", Les 
Echos, (website), April 6, 2019.  

40 Pascal Grandmaison, "Bonnes et mauvaises ondes, le vrai du faux," Le Figaro.fr, June 14, 2019.  

41 Mathilde Damgé, August 2019, "Killed, cut down, felled? Untangling the truth from the false 
about trees and 5G in three examples," LeMonde.fr.  

42 Mathilde Damgé, "No, Brussels did not ban 5G for health reasons," Le Monde, 07 August 
2019.  

43 Mathilde Damgé, "'5G appeal': why this petition on waves and health is overly alarmist," 
LeMonde.fr, September 24, 2019.  

44 Arthur Carpentier, "Is 5G dangerous for health? ", LeMonde.fr, 08 August 2019.  

45 Jean-Michel Lahire, "Does 5G present a danger? ", Le Journal de Saône et Loire, September 
07, 2019. 
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Santé, WECF France, Alter-Ondes...). The request for a moratorium confirms that the subject 

of the risks of 5G is on the national media agenda, since it was the subject of an AFP 

dispatch, taken up by a series of national and regional media with a large circulation46. 

Ouest-France mentions 5G in an article on the effects of radio frequencies on livestock47.  
From November 2019 to February 2020, there is roughly continuous activity about the role of 

Arcep. At the beginning of January 2020, a tweet from the media outlet Vie Publique48 was 

picked up more than the others, raising the question of the role of Arcep in a deployment that 

would involve health risks. Between January and February, some 15 articles in the national 

general and specialized press (including Le Monde, Le Figaro, La Recherche, Les Echos and 

L'Usine Nouvelle) covered the interim report just published by the Anses on exposure to 

electromagnetic fields related to 5G49 . From this publication, more tweets and retweets, but 

not more than thirty, were published on this specific subject, pointing out the remarks of the 

Anses in the report on the current lack of studies to be able to conclude on the existence or 

not of risks. 
 
A few weeks later, on January 25, 2020, the first "World Day of Protest against 5G" is proclaimed. 

Organized in the United States, it is planned in about thirty countries, including France, with 

events organized in Paris and in the territories. In Paris, the day is organized by Robin des Toits, 

Ondes.Saint-Ouen, Solidarité and Coordination Anti-Linky-Île-de-France50. This world day of 

protest was preceded, the day before, by the announcement of an appeal to the Council of State 

by Priartem and Agir pour l'Environnement. The two associations denounced the lack of health 

and environmental assessments prior to the decision to deploy 5G in France, as well as the 

public consultation process, which was deemed too short51. They will be taking their case to the 

Conseil d'État on February 17, 2020, in the context of appeals on the merits and in summary 

proceedings, 
 
 
 
 
 
 
 

 

46 AFP, 2019, "Wave exposure, hyperconnection ... NGOs call for a moratorium on 5G," La 
Tribune, October 2, 2019, 2019; "Waves, hyperconnections ... NGOs call for a moratorium on 5G," Le 
Parisien, October 2, 2019.  

47 Christophe Violette, 2019, "Ils traquent ondes et courants dans les élevages," Ouest-France, 
October 3, 2019.  

48 Vie-publique.fr is a free information site that provides keys to understanding public policies and 
the major debates that animate society. The site is produced by the Direction de l'information légale et 
administrative, attached to the Prime Minister's office.  

49 Anses, 2020, Exposure of the population to electromagnetic fields related to the deployment of 
"5G" communication technology and associated health effects, Interim report, Saisine n°2019-SA-
0006 of October 2019, posted online on 27 January 2020.  

50 The day will also be an opportunity for the organizers to send the International Appeal Stop 5G on 

Earth and in Space, an international appeal calling for a ban on the deployment of 5G antennas on Earth 

and 5G satellites in space, to the governments of all countries. The appeal, launched in September 2018 

and translated into 30 languages on its website (www.5gspaceappeal.org), has collected nearly 302,000 

signatures to date (end of March 2021) from 214 countries and territories.  

51 November 28 - December 12, 2019. 
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to request the suspension of the order52 and the decree53 of the end of December 2019 
launching the procedure for the allocation of frequencies in the 3.5 GHz band.  
 

The year 2020 thus began with nationwide mobilizations coordinated by associations to 

challenge the deployment of 5G. At the same time (January 27), the Anses published a 

preliminary report as part of its expertise on exposure to 5G and associated health effects54 , 

and announced the launch of additional work. The event received moderate media coverage: 

fourteen articles in the national general and specialized press (including Le Monde, Le 

Figaro, La Recherche, Les Echos and L'Usine Nouvelle) covered the subject over the period 

from the end of January to February 2020. A larger number of tweets and retweets, but not 

more than thirty, also focused on this specific subject, pointing out the remarks of the Anses - 

contained in its preliminary report - about the current lack of studies to be able to conclude on 

the existence or not of risks. 

 

2.2.3 The  actors 

 

Often reduced to a problem of misinformation, or to a passionate debate on the health risks 

of the new technology, or even to a power struggle between the government and detractors 

hostile to progress, the 5G controversy differs, on the contrary, by its largely multidimensional 

character and by its distributed evolution in different problematic axes, themselves governed 

by a variety of actors, institutions and modes of access to public debate. This section aims to 

identify and qualify the plurality of publics involved in this controversy. By going beyond the 

classic binary categorization "promoters and detractors", the aim here is to take stock of the 

"historical" actors, institutions and networks of actors already identified, which contribute to a 

certain stability of the debates, and the new actors, which distinguish this controversy from 

those that preceded it on the issue of electromagnetic waves. 

 

2.2.3.1 Historical actors 

 
The scene of the 5G controversy is set by historical actors of the broader controversy on 

electromagnetic fields, in its various manifestations (relay antennas, EHS, Wi-Fi, Linky meters). 

Two associations covering the national territory clearly stand out in terms of the level of media 

coverage of their positions and actions against the deployment of 5G: Robin des Toits and 

Priartem-Electrosensibles de France. To these can be added Alerte Phonegate, which resulted 

from a split with Priartem in 2018, and which works specifically on the issue of overexposure to 

electromagnetic waves from cell phones that exceed regulatory limits. These associations, which 

were formed in the early days of the cell phone controversy, before 
 
 

 
52 

Order of December 30, 2019, relating to the terms and conditions for granting authorizations to use 
frequencies in the 3.5 GHz band in metropolitan France to establish and operate a land mobile 
system. 
 

53 Decree No. 2019-1592 of December 31, 2019, on radio frequency fees payable by holders of 
frequency use authorizations issued by the Electronic Communications and Posts Regulatory 
Authority.  

54 Anses, 2020, Exposure of the population to electromagnetic fields related to the deployment of 
"5G" communication technology and associated health effects, Preliminary report, Saisine n°2019-SA-
0006 of October 2019, posted online on 27 January 2020. 
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On the other hand, industrial operators and their associations remain the same, as well as 

government agencies (ANFR on the one hand, and Anses with its college of independent 

experts on the other). On the other hand, industrial operators and their associations also 

remain the same, as well as government agencies (on the one hand, the ANFR and, on the 

other, the Anses with its college of independent experts).   
So there is no renewal on the part of these actors who, moreover, know each other and have 

recurrent relations. This is particularly true of the associations that regularly participate in the 

dialogue committees created first by the Anses and then by the ANFR. This is also the case for 

industrial operators, who confirm this relational structuring of the controversy when they delegate 

the treatment of the scientific question of the effects of exposure to electromagnetic fields to the 

Anses, and the measurement of exposure to waves in the context of experiments to the ANFR. 
 
The stability of the environment of the 5G controversy in terms of actors can also be found in the 

numerous informal collectives that are carrying out the action against the deployment of 5G, at 

least on a local scale. These collectives, which do not have legal personality, are too numerous to 

be identified individually, and there is currently no census platform like the one that records anti-

Linky collectives.55 Nevertheless, by looking at the directory of anti-Linky collectives, it is possible 

to see that they are not as numerous as they might be. Nevertheless, by looking at the repertoire 

of actions reported in the digital public sphere (press articles and web pages), it is possible to see 

that, especially at the local level, many of these collectives are not new and are taking shape in 

territories where there are groups already mobilized, sometimes for a long time, on the first 

generation of relay antennas, the cause of electrohypersensitive people and, particularly, Linky 

meters. The anti-Linky collectives are often linked to departments or cities and become anti-Linky-

5G collectives (in Finistère, Drôme, Isère, Pyrénées Orientales, Ardèche, ...). The practices of 

protest are also similar: actions to block the installation of equipment, public information 

meetings, questioning of local administrators, petitions ... But above all, these anti-5G and anti-

Linky groups have in common the creation of alliances with associations, which intervene at their 

side to provide support in exchanges with institutions, share knowledge, create protest networks. 
 

 

2.2.3.2 New actors 
 
The nationalization of the 5G subject, around the summer of 2019, leads to a change in the 

framing of the subject of the controversy: the question of exposure to electromagnetic waves 

is part of a more general questioning of a technological system that affects not only the 

health of people but also that of the environment. If the association of these two issues - 

health and environment - was already relatively present in the controversy on Linky meters 

(see Draetta, Tavner 2019), it is naturally and very strongly present here when alliances of 

circumstance are forged within the ministries and associations involved in the 5G file. 
 
Two new actors are thus emerging as stakeholders in this already well-framed controversy: 

the Ministry of Ecological Transition and the association Agir pour l'Environnement. The first 

intervenes first alongside the Ministries of Health and Economy in the referral of the Anses, 

for its health assessment of the new technology (January 2019). Then a second time, in June 

2020 after the Convention  
 
55 See the website Plateforme Opérationnelle Anti-Linky (POAL), https://www.poal.fr/appfree/accueil-
plateforme-operationnelle-anti-linky.html 
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citizen for the climate, when Minister Elisabeth Borne and Minister Olivier Véran sent a letter 

to the Prime Minister asking him to "wait for the assessment of the Anses [the French 

National Agency for Food, Environmental and Occupational Health Safety] before deploying 

5G. 
  
As for the association Agir pour l'Environnement (24,000 members), it joins Priartem (which fights 

against the "risks related to electromagnetic technologies"), first to launch the call for a 

moratorium "Stop 5G", in October 2019, and ask for the establishment of an environmental 

assessment and a public debate under the aegis of the National Commission for Public Debate 

(CNDP) ; then, in appeals to the Council of State, in February 2020, to obtain the cancellation of 

the order and decree of late December 2019 relating to the allocation of frequencies in the 3.5 

GHz band in France. Among the justifications given for these joint appeals, the two associations 

jointly put forward the violation of the principles of energy sobriety and electromagnetic 

sobriety57. 
 
The call for a moratorium launched online by the two associations and supported by several 

NGOs, has so far collected almost 128,000 signatures, showing that opposition to 5G also goes 

through the Web and social networks. Here, a heterogeneous group of old and new actors are 

contesting the deployment of 5G: in addition to associations and local collectives, there are also 

citizens and political representatives who question the government based on arguments of 

reason, but also Internet users or YouTube channels that share false information or relay 

conspiracy theories.58 

 

2.2.4 Opposition arenas 

 

The diversity and multitude of forms of mobilization is one of the main characteristics of the 

5G controversy. The digital public sphere reports on events of all kinds: protests by local 

residents, acts of sabotage, public information meetings, days of action in the streets or 

online, electronic petitions, municipal motions, political interpellations, ... 
 
This section aims to give an overview of these actions, without claiming to be exhaustive. It 

aims to illustrate the density of the mobilizations that are developing in a relatively short 

space of time (from mid-2019), as well as the diversity of spatial scales and forms of action, 

all of which can be an indicator of the particularly complex structuring and scope of this 

protest. 
 
Table 2 below is a compilation of dates, places, actors, and events related to different forms of 

public engagement aimed at contesting, stopping, or regulating 5G deployment. It was 

constructed from a sequence of targeted queries of the French online press and websites 

and pages dedicated to 5G protest, in France and abroad. The contents are taken from 

quotes or their synthesis. They are for information purposes only and do not reflect the 

position of Anses.  
 

 

56 According to statements by Minister Elisabeth Borne in an interview with the Journal du 
Dimanche published on June 21: "INFO JDD. Borne and Véran have written to the Prime Minister to 
ask to wait on 5G," Le Journal du Dimanche, June 21, 2020.  

57 They also argue that the order of December 30, 2019 for the allocation of frequencies could have 
been considered as a plan or program with an impact on the environment, and therefore it should have 
been subject to a prior environmental assessment, in accordance with the provisions of Directive 
2001/42/EC on impact studies and Article L. 122-4 of the Environmental Code. 

58 "Who are the 'anti-5G' people mobilizing on the web? ", FranceInter, September 29, 2020. 
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Table 2: Forms of mobilization against 5G 
 

09/04/2019  Switzerland, Canton of Vaud  Adoption of moratorium on new construction 
         5G antennas, until publication of the report of the 
         mobile telephony and radiation" established by the 
         the Federal Department of the Environment, Transport, 
         of Energy and Communication (DETEC) and headed by 
         the Federal Office for the Environment (published in 

November 
         2019). 
         

10/04/2019  Switzerland, Canton of Geneva  Adoption of a motion calling for the establishment of a 
         moratorium on the installation of 5G on the territory 
         and requesting WHO to conduct studies on the 
         the harmfulness of 5G. 
         

10/05/2019  Switzerland, Bern  Public demonstration against 5G.  Request for 
         moratorium and refusal of the increase of the values of 

         the NRS59. 
         

08/06/2019  France, Nantes  Sitting against the 5G, against SFR and 
  Collective 44 against Linky and 

5G 
 Orange, request for public consultation. 

    

          

18/06/2019  France, Albi    Public demonstration against 5G. 

  Exit 5G Association   
          

29/06/2019  France, Albi    March against 5G + Conference-debate with Robin des 
  Exit 5G Association  Roofs and Annie Sasco. 
    

          

14/09/2019  France, Albi    Public demonstration against 5G. 

  Exit 5G Association   
         

21/09/2019  Switzerland, Bern  Public demonstration against 5G.  Request for 
         national moratorium and the creation of white zones. 
          

02/10/2019  France    Electronic petition. Call for a moratorium and public debate. 

  Priartem-Agir pour   

  the environment   
        

08/10/2019  Switzerland    Federal People's Initiative "Responsibility for 
         

mobile telephony". It particularly concerns the case of   Komitee Mobilfunkhaftungs-      

bodily injury or property damage due to the operation   Initiative      

  (admin.ch)     cell phone antennas. 
       

15/10/2019  Switze
rland 

    Federal popular initiative "For mobile telephony 

         
health and energy efficient". It   Komitee Mobilfunk-Initiative    

concerns the protection of the population against          

  (admin.ch)  
   

      

non-ionizing radiation.          

       

18/10/2019  Switzerland    E-petition calling for a moratorium on 5G. 
  Stop 5G in Switzerland  Launched by a physiotherapist and filed with Dep. 
   

Federal Environment Ministry (39,488 signatures).          

     

31/10/2019  Switzerland, Canton of Jura  Adoption of moratorium on the deployment of 5G in 
         at least until the report of the working group is published 
         The "Mobile Telephony and Radiation" program established 

by the 
         Federal Department of the Environment, Transport, 
         of Energy and Communication (DETEC) and headed by 
         the Federal Office for the Environment 
          
 
 
 

 

59 ORNI : Ordinance on protection against non-ionizing radiation (Switzerland). 
 
 
 

https://www.bk.admin.ch/ch/f/pore/vi/vis504.html
https://www.bk.admin.ch/ch/f/pore/vi/vis504.html
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09/01/2020 International 5G Space Appeal: physician e-petition,  

  scientists, members of environmental organizations  

  and citizens of 204 countries, to stop the deployment of the  

  5G on Earth and in space (302,000 signatures to date)  

  day).       
    

04/02/2020 International Astronomers' Appeal : electronic petition of astronomers  

  against the launch of 5G satellites, for the safeguarding  

  professional astronomical observations (2 000  

  signatures to date).      
    

25/01/2020 International and France First global day of protest against 5G  

 Stop5Ginternational.org (5G Global Protest Day).  In Paris, conference-debate  
 

of Annie Sasco and public gathering. 
   

 Robin des Toits, Saint waves-    

 Ouen, SCALP-IDF        
    

27/02/2020 Switzerland, Canton of Geneva Adoption of the amendment to the cantonal law on  

  constructions and various installations, implying that -  

  for a period of 3 years - the modification of antennas  

  (including for the installation of 5G) be subject to the 
following conditions 

 

  to be authorized. An appeal has been filed by the operators  

  cell phone companies against this decision.   
    

03/03/2020 Switzerland, Cantons of Geneva, Cantonal initiatives to the federal chambers.  

01/04/2020 Neuchâtel and Jura Request for a federal moratorium on the airwaves  
 

millimetres. Proposal for the elaboration of a draft act  

01/10/2020   

 of the Federal Assembly by a committee.   
    

    

29/03/2020 Switzerland, Geneva Creation of the Geneva Coordination Moratorium 5G  

  (moratorium5G.ch).      
    

29/03/2020 Switzerland, Geneva Request for a moratorium on the installation of 5G antennas, 
in 

 

 moratorium5G.ch application of the Precautionary Principle. Letter sent to  
 

Municipal councils of the Geneva municipalities. 
 

   

    

25/04/2020 International Global day of protest against 5G (stop5G!).  

 Stop5Ginternational.org Cyber event and conference with a panel  
 of speakers international. Participants: physicians,     

  scientists, lawyers, astronomers, artists and activists.  
    

01/05/2020 Belgium E-petition. 527 physicians and others  

 "Electrosmog Appeal Belgium Communes ask Proximus to freeze the number of  
 

its plans. They are also asking the government for: 1) a 
 

   

  moratorium on 5G deployment pending  

  of health impact studies; 2) the application of the Principle of  

  precautionary measures to protect the population (especially  

  pregnant women and children); 3) the implementation of  

  devices for raising citizens' awareness of the uses  

  connected objects; 4) the establishment of standards  

  and a vigilance center.  

    

11/05/2020 France 34 LR deputies make a motion for resolution for the  

 National Assembly creation of a Commission of Inquiry on the deployment  
 

of 5G, which is responsible for assessing the health risks of  

   

  deployment, estimate exposure scenarios and  

  to anticipate possible health impacts. Proposal  

  referred to the Committee on Economic Affairs.  

    

20/06/2020 France Request for a moratorium on the deployment of 5G in  

 Government awaiting the opinion of the Anses, sent by the ministers of  
 

Ecological Transition and Health to the Prime Minister. 
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25/06/2020 France, Corsica   Electronic petition.  Citizen's Manifesto launched by the  

 Terra Libera Collective  collectiv
e 

" Terra libera for a Corsica without 
5G 

and a  

  

world living". It is addressed 
to 

to local elected 
officials 

for 
 

      

     to ask for the stop of the deployment in Corsica.    
        

06/07/2020 France, Ville de Grenoble  Municipal by-laws to block installation work  

     of 5G antennas by operators (refusal of declaration  

     prior).  The bylaws refer to the uncertainty of the  

     health impacts and waiting for the opinion of the 
Anses. 

   

         

23- France, Council municipal  Vow of moratorium on 5G deployment. The elected   
        

24/07/2020 Paris    City Council environmentalists call for moratorium   
        

     before deployment and a democratic debate in the   

     Greater Paris.      
      

26/08/2020 France, Hendaye (Pays Basque)  City Council vote to place a moratorium on the  

     deployment of 5G in the territory of the Commune.  
     

12/09/2020 France, Large cities and others  Call for a moratorium on 5G and a debate  

 Municipalities   democratic decentralized, addressed to the Government,  
       

     by about sixty local, national and European elected 
officials. 

  

      

19/09/2020 France, Lyon   Public demonstration against the deployment of 5G,  

 Collectiv
e 

Stop Linky-5G  before the Circ.      
          

 

Auvergne-Rhône Alpes, Saône          

 and Loire, Gard and Montpellier          
      

29/09/2020 France, Calais   Electronic petition for a moratorium,  

     addressed to the mayors of Calais and Coquelles. The 
petition 

 

     asks to wait for the opinion of the Anses and the studies  

     environmental impact.     
     

05/10/2020 France, Montpellier  The Mayor refuses the implementation of 5G antennas on 
the 

 

     public buildings in the city, pending the opinion of the Anses  

     and the decisions that will be made at the national level.  

      

09/10/2020 France, Lille   Moratorium on 5G deployment in the city, in  

     awaiting the opinion of the Anses.     
     

19/10/2020 International, European Union  15 Member States ask the EC to develop a  

     strategy against misinformation on the fields  

     and 5G (Austria, Bulgaria, Croatia,  

     Czech Republic, Cyprus, Estonia, Finland, Greece,  

     Latvia, Lithuania, Luxembourg, Poland, Portugal,  

     Slovakia, Sweden).     
      

25/10/2020 International   Request for a moratorium pending an evaluation of  

 Stop5G.org   costs to health, wildlife and the earth. Letter to the  
   

Secretary General of the United Nations. 
   

        

     

01/12/2020 France, Fontenay-sous-Bois  Moratorium on the deployment of 5G in the city (order  

     5G), until the publication of the Anses opinion and the  

     completion of the environmental impact assessment.  Also,  

     organization of contradictory debate in the presence of the  

     operators.      
             
 
 
 

Three observations follow from Table 2 presented above: (1) we recognize classic forms of 

mobilization, already seen during the various sequences of the meta-controversy on 

electromagnetic waves (such as protests by local residents against the installation of relay 

antennas, the constitution of local collectives or the adoption of municipal by-laws); (2) we 

see the emergence of circumstantial alliances between cause bearers 
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(associations, citizens, scientists, local and national political representatives); and, above all, 

(3) new forms of individual and collective action are emerging that coincide with an 

intensification of the use of digital technology.  

 

2.2.5 Media coverage of 5G in France. Analysis of the press60 
 

This section focuses on the media coverage of the 5G controversy in France, over the period 

2019 - 2020. It is based on the analysis of two bodies of press articles: the first covering 2019 

is composed of 837 articles, the second covering 2020 is composed of 2,400 articles, i.e., 

three times the number of the previous year.61 
 
2.2.5.1 Coverage of the 5G topic in 2019 
 
The chronology presented above clearly shows that the question of the health effects of 5G 

does not impose itself on the media agenda during the emergence phase of the controversy 

(2019), and that the question of health risks related to exposure to new electromagnetic fields 

created by the new 5G infrastructure only imposes itself as one of the ways to define the 

issue of 5G in France. 
 
During 2019, 837 national news articles are counted by the Factiva62 database. This number 

is not a sign of very intense coverage. Whether in print or online, generalist or specialist 

titles, the number of publications is relatively constant throughout the year: between 50 and 

100 per month. There is only one peak in coverage of the subject, during the month of 

October (see Figure 3). This peak is quite moderate and is linked to the call for a moratorium 

launched by Priartem and Agir pour l'Environnement on October 2. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: The 2019 Press corpus by number and date of publication of documents (n = 837)  
 

60 This analysis is a synthesis of Demortain, 2021.  

61 The corpora were constituted by extracting the articles from the Factiva database in  

searching for the presence of the terms 5G AND [risks OR health OR health effects] in the full text of 

the articles, excluding foreign titles. The analysis was performed with the CorText Manager tool, 

developed by the CorText platform of the Lisis laboratory, which allowed us to perform a co-

occurrence analysis to quantitatively represent the most frequent themes and visualize them. It should 

be noted that the frequency of use of the terms does not prejudge the relevance of their use, nor the 

impact of the terms in the public debate.  
62 The list of titles covered in the database is presented in the appendix. 
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This coverage of the 5G topic is only very partially driven by the issue of the technology's health 

risks, which is only one of the themes structuring the corpus. In other words, the discourse on 

the health risks of 5G and electromagnetic waves is present in the press of 2019, but is only 

one of the dominant discourses. For the overall field is instead structured by several themes.   
In the text of the 837 articles composing the corpus, seven clusters or sets of the most frequent 
terms appear distinctly, as illustrated in Table 3 below and the map that follows (see Figure 4):   
 
Table 3: Clusters of terms present in the press in 2019 
 
Clusters of terms 
 

1. 5G frequency allocation & Bouygues Telecom and Free 
 

2. Broadband & new services 
 

3. Huawei equipment & national security 
 

4. Digital transformation & large companies 
 

5. Commission von der Leyen 
 

6. Chinese companies & Chinese group 
 

7. Electromagnetic fields and waves 
 
Other frequently used terms in this cluster: "5G networks", "precautionary principle", "fields" and 

"electromagnetic waves", "health safety", "ANSES", "Linky meter", "relay antennas", "5G 

deployment". 
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2. Broadband & new services 
 
 
 
 
 
 
 
 

7. EMC & OEM 
 
 
 
 
 
 

 

1. 5G frequency allocation 
& Bouygues Telecom and Free 

 
 

4. Digital transformation & large companies 
 
 

 

3. Huawei equipment & security  
national 
 
 
 
 
 
 
 

 

6. Chinese companies & Chinese group 
 

 

5. Commission von der Leyen 

 

Figure 4: Clusters of the most frequently used terms together in print and online news articles 
about 5G and its health risks, 2019. 

 
Corpus = 837 press articles 

 

 

Figure 4 represents clusters of terms, grouped according to their frequency of co-occurrence 

in the text of the 837 articles composing the corpus. Seven clusters of terms appear distinctly 

on this map. 
 
Cluster 7, green at the top left, circled in red, is the one that touches on the issue of risks posed 

by exposure to waves or electromagnetic fields, Linky meters, relay antennas and, especially, 5G. 

This cluster, which also touches on the issue of the precautionary principle that is being called for 

before the deployment of 5G, is closely related to the Anses referral of January 2019. However, 

the heart of media conversations in the press concerns four other thematic clusters, notably on: 

frequency allocations (1), the deployment of technologies enabling and enabled by broadband 

(2), the equipment manufacturer Huawei (3), competition between industrial 

 
 

 

Public consultation version page 42 / 241 March 
2021



Anses ● Collective expertise report Referral n° 2019-SA-0006 "5G"  

 

Chinese, American and European (6). These themes reflect other social definitions of the 5G 

issue that are more important than health risks (cluster 7) for actors such as the French 

government - which shows a specific concern for the issues of territory coverage and the 

success of the 5G rollout in France. On the side of industrial operators, this issue of territory 

coverage and deployment schedule is obviously central, although the issue that shines 

through in their discourse on 5G is that of securing networks and new equipment, which are 

much more likely to fail and be hacked.   
The historical dynamics are clear: the semantic cluster related to the risks of waves or 

electromagnetic fields and to the precautionary principle (cluster n°7), is the one that gains 

the most strength during the year 2019. It is however notable that the term "Linky meter" is 

part of this cluster. It shows that the topic "5G risks" is not constituted in reference to the 

technical specifics of the new infrastructure. It is much more concerned with the 

generalization of exposure to electromagnetic fields, and the multiplication of wave sources 

in close proximity to living spaces63. 
 

2.2.5.2 5G coverage in 2020 
 
The year 2020 starts with two events that will be covered by the national general and 

specialized press: (1) the appeal by Priartem and Agir pour l'Environnement to the Council of 

State against the imminent 5G deployment procedure (announcement of 24/01 and appeal of 

17 February 2020) and (2) the publication of the preliminary report by Anses on 5G exposure 

and associated health effects, noting "a significant lack, or even absence, of data on potential 

biological and health effects in the frequency bands considered" (publication of 25 January 

2020). 
 
À As of March 2020, the Covid-19 pandemic obviously takes precedence over any other 

topic, but the 5G topic is nonetheless covered much more in the press than the previous 

year. At least 200 to 300 articles per month are appearing on the subject (compared to 50 to  
100 in 2019). For the entire year, the number of items recovered is triple the number from the 

previous year (2,400 items versus 837)64. 

In contrast to 2019, there are moments of more intense media coverage and debate during 

2020, particularly in July and September. July 2020 corresponds to the first measures of 

recently elected green mayors against the deployment of 5G (taking "moratorium" measures 

on the deployment, at the initiative of Eric Piolle, mayor of Grenoble). 
 
On September 12, 2020, 68 elected officials, including 11 mayors of major cities such as 

Bordeaux, Grenoble, Marseille or Strasbourg, but also national and European parliamentarians 

representing the environmentalist parties and France Insoumise, urge the government to decide 

on a 
 

 

63 The link with the controversy surrounding the deployment of Linky meters can be seen at 
several levels: as early as 2015, the "anti-Linky" movement was already arguing about the cumulative 
exposure to electromagnetic waves and its health effects. It also denounced the threat to autonomy 
and privacy of household consumption by this new technology of "big data". Today, the "anti-Linky 
collectives" have become "anti-Linky-5G collectives", and several press articles deal with the 
similarities between the controversy on 5G and the older - but still ongoing - controversy on Linky 
meters.  

64 Articles retrieved via the same query applied to produce the 2019 corpus, i.e., featuring the terms 
5G and risk or health, excluding foreign titles. 
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moratorium on the deployment of 5G. They also plead for "a decentralized democratic debate 

on 5G and on digital uses". The call is published in an article published on September 13 in 

Le Journal du dimanche65. 
 
The whole month of September is marked by the continuation of debates on the requests for a 

moratorium from various municipalities throughout France, mobilizations of associations and 

citizen groups in various regions against the installation of 5G, in the context of the then imminent 

launch of the auctions for the allocation of new frequencies (September 29). During this month, 

the President of the Republic intervened and intensified the debate by taking a position (during a 

meeting with French technology firms at the Élysée Palace) in favor of the 5G deployment 

process and against the positions of the ecologist elected representatives, assimilated to the 

defense of a supposed "Amish model" (speech delivered on September 15). Once the auction 

starts, media coverage gradually decreases, but remains high compared to 2019 (see Figure 5). 
 
 
 
 
 

Document distribution by date 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5: The Press 2020 corpus by number and date of publication of documents (n = 2,400) 

 

From a thematic point of view, the difference is striking with 2019. We can distinguish five 

thematic axes that make up the space of the French debate on 5G: the two main ones, in 

opposition, concern (1) the risks related to deployment and (2) the economic promise of the 

new technology. The other three, minor, are those of (3) fake news about 5G and conspiracy 

theories, (4) the economic war between the United States and China, and (5) the role of 5G 

in economic recovery (in relation to the Covid-19 crisis). These axes are presented as 

clusters of terms in Table 4 and the map below (see Figure 6). 

 

Table 4: Clusters of terms in the 2020 corpus 
 

Clusters of terms 
 

1. Fake news and conspiracies 
 

2. US/China economic war 
 

3. 5G & economic recovery 
 

4. Deployment, risks and choices  
 

 
65 "EXCLUSIVE. Lyon, Bordeaux, Marseille: the mayors of 11 major cities call for a moratorium 
on 5G," Le Journal du Dimanche, September 12, 2020. 
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Clusters of terms 
 
Terms in this cluster: "5G deployment", "cell phone", "ANFR",  
« 5G antennas", "relay antennas", "electromagnetic waves", "health safety", "precautionary principle", 

"health environment", "health risks", 

« health impact", "environmental impact", "public debate", "moratorium" ...  
5. Mobile network & new technologies 
 
Terms in this cluster: "new technologies", "5G arrival", "5G network",  
« mobile network", "optical fiber", "broadband", "autonomous car", "artificial intelligence" ... 

 

1. Fake news and conspiracies 
 
 
 
 
 
 
 

2.  US-China economic war 
 
 

5.  Mobile networks 
 
and new technologies 
 
 
 
 
 
 

 

4.  Deployment, risks, choices 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3. 5G and economic recovery 
 
 
 
 
 
 
 

Figure 6: Clusters of phrases most frequently used together in print and online news articles 
about 5G and its health risks, in 2020 

 
Corpus = 2,400 press articles 
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The map shows, on the periphery, three clusters of terms (1, 2, 3) that are only indirectly 

related to the core of the 5G controversy, and are also less frequent in the overall corpus: 
 
on the top left, a cluster of terms constituting a discourse on conspiracy theories and fake 
news about 5G, which is known to be associated, on social networks in particular, with 
conspiracy discourses (e.g. in connection with the Covid-19 pandemic) ; 
 
on the right above, a cluster concerning the coverage of the industrial war between the 
United States and China and Huawei in particular; 
 

at the bottom, the pale green cluster touches on the topicality of the economic policies of 

industrial recovery to mitigate the crisis of Covid-19, context in which the deployment of the  
5G is seen as all the more beneficial and urgent.   
The two central clusters (4, 5) constitute two sets of discourses on 5G, largely at odds with 

each other. It is their coexistence that constitutes a state of controversy. 
 
Cluster 4 gathers thematic markers on 5G risks, its health and environmental impact, and the 

possibility to choose - or refuse - deployment expressed by various publics, in the name of 

these risks. Old terms of the radio frequency risks debate are at the heart of this cluster 

("fields" and "electromagnetic waves"), as well as the risk objects identified for a long time 

now in this matter, the relay antennas, or here the 5G antennas, with their particularities. 

They are mixed with the term "white zones", a marker of the debate on the fact that, rather 

than advancing in technological generations, we should work to fully deploy existing 

technologies to benefit all audiences and territories. In continuity with this debate opposing 

innovation and equality, terms mark a new dimension: that of the choice that should be open 

in terms of adoption of new technologies. Public debate, moratoriums, decisions of city 

councils are thus widely discussed in the press, in connection with the themes of risk and 

health impact of 5G. These last semantic markers are new compared to 2019, when there 

was more talk of resistance to the installation of antennas, in the continuity of the 

controversies on the Linky meter. 
 
In Cluster 5, 5G is discussed as a promising new technology, a provider of economic 

development, linked to a set of other innovations that it will help to take off. The arrival of 5G 

is discussed as part of a technological package that goes far beyond the field of 

telecommunications. It can be noted that the question of the energy impact of the new 

infrastructure appears in this cluster, and not in cluster 4. The theme is therefore not treated 

as the health impact, under the risks and other negative effects of 5G. 
 
An analysis of the themes of the press titles clearly shows that the theme of "deployment, 

risks and choices" is mainly dealt with by the regional general press, while the theme of 

"mobile networks and new technologies" is dealt with by the national economic press 

(L'économiste, La Tribune, Les Echos, but also Le Figaro) (see Figure 7). Thus, speeches on 

health risks, environmental problems and opposition to the installation of 5G occupy the 

space of the local press much more than the national press, which irregularly relays these 

mobilizations. We are faced with a media treatment in which the risks of 5G are represented 

as particular, local issues, objects of mobilizations in given territories, much more than as a 

subject of general public concern. 
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Deployment, risks and choices  
collectives 

 
 
 
 
 
 
 

 

Networks  
mobile and  

news  
technologies 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 7: Heterogeneous clusters gathering news headlines and phrases most frequently used in 

articles discussing 5G and health risks in 2020 
 

2.2.5.3 Comparison of media coverage in 2019 and 2020 
 
The change between the years 2019 and 2020 is significant. Quantitatively, the topic of 5G 

received much more coverage in 2020 than in the previous year. Thematically, it is possible 

to see the disappearance of the "auction" theme from the coverage, as the holding of the 

auction became certain, and no postponement would be granted to wait for possible new 

data on the health risks of 5G. The theme gives way to an obvious confrontation between two 

discursive registers, that of the arrival of 5G, with the positive discourse on 5G technology in 

terms of economic development and innovation; and that of the moratorium, in response to 

the deployment program and the risks and choices it implies. Once again, media discourse 

on 5G is very much structured by the pace and sequence of deployment, the inevitability of 

which seems more evident in 2020 than in 2019. 
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2.2.6 The health framework 

 

The analysis of the press over the period 2019-2020 has shown the polymorphous character 

of the 5G topic, as it is configured from its seven and then five thematic poles (or clusters), 

and the diversity of related topics of concern. It has also shown that the question of 

deployment risks, based on the issue of human exposure to radio frequencies created by the 

new infrastructure, has imposed itself in the French media debate as one of the two ways of 

defining the stakes of 5G, in opposition to the positive discourse on the new technology and 

its promises.   
However, the public controversy around 5G is most clearly unfolding in another media space, 

YouTube. This is where we find the most posting, viewing, "liking" or commenting activity on 

the topic of 5G. 

2.2.6.1 Risk, waves, evidence: the YouTube echo chamber66   
 

À From a simple, French-language query on "5G AND health" conducted in 2019 alone, 508 

video contents are returned by YouTube 67. The commenting activity generated by these 

videos is also substantial, with 3,208 comments made on these videos. Analysis of this 

material reveals discourse organized around four main themes that signal the existence of 

strong concerns related to the health issue (see map in Figure 8 below). These themes are: 

(1) studies establishing the reality of health risks or effects of waves and microwaves, for 

example on the immune system or the brain; (2) "millimeter" waves, specifically used for 5G ; 

(3) the absence of evidence of the non-harmfulness of waves and of 5G in particular, with 

expressions such as conflict of interest, scientific consensus, cherry-picking, double-

blindness; (4) 5G as a global risk, in the sense of a risk affecting all populations and 

territories, and of a risk increasing with the accumulation of waves from the different 

generations of mobile telephony 
 
So this overview of 5G commentary activity on the YouTube site does suggest that there is a 

controversy over 5G and its health risks that is far more active than a quick read of the press 

over the period, or even a look at other social networks, would suggest. 
 
It should be noted, moreover, that this activity on YouTube does not mobilize, either as an 

author or as an object of discussion, the actors of the controversy, be they institutional, 

industrial or associative, as if the discursive activity on YouTube were detached from the 

usual places of the controversy, and disengaged from the social relations between 

institutional or associative actors known to it. For example, none of the scientists cited as 

experts in the media, or present in institutional arenas, appear in the YouTube content.  
 
 
 
 
 
 
 
 
 
 
 

66 The following analysis is a synthesis of Demortain and Féron, 2020.  

67 Collection made on June 03, 2020. 
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Figure 8: Clusters from the analysis of the YouTube corpus, 2019 

 

2.2.7 The positioning of the university community 

 

This last section deals with the positioning of the academic community on the topic of 5G, 

based on publications on the popular science media The Conversation68 . The choice of this 

source is motivated by the diversity of disciplines that are expressed there and by its desire 

to bring academics and researchers to contribute to the public debate from their own fields of 

expertise. 
 
The analysis focuses on all the articles that The Conversation has published on 5G since January 

2014 until December 2020, in its French and English versions. The corpus consists of 39 articles: 

28 are published in English, between January 2014 and October 2020, and 11 are published in 

French between April 2017 and November 2020 (see Figure 9). All the articles were subjected to 

extensive reading and qualitative content analysis to 
 
 

68 The Conversation is an online news and analysis medium that publishes articles written by 
academics (professors, researchers or PhD students) and edited by journalists. Its objective is to bring the 
academic community to contribute to the public debate by commenting on current topics in technology, 
health, society, culture, economy. This media, which is associative, has nine sites around the world 
(Australia, Africa, Canada in French and English, France, United States, Great Britain, Spain and 
Indonesia). The content published on these sites is translated and republished throughout the network. 
Authors write only on topics within their field of expertise, as specified in their articles. 
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identify the themes addressed, the authors' positions, as well as the scientific fields and 

disciplines involved in the 5G discussion. Of the 39 articles analyzed, 22 were the subject of 

the summaries presented below. Descriptive articles focused on the strictly technical or 

economic aspects of 5G have been excluded from the presentation. This entry on 5G 

through this specific medium, which cannot cover the entire treatment of a public controversy 

by the academic community at a time of multiplication of public science communication 

media, nevertheless allows us to see the different arenas of treatment of the subject 

(countries and disciplines), as well as the thematic and critical framing operated by this 

community, over time.  
 
 

 

19 
 
 
 
 
 

 

7  
5 
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Figure 9: The Conversation corpus by number and date of publication of documents (n = 39) 
 

 

The authors who have spoken on The Conversation about 5G are initially Australian and 

British, and then, as of 2017, French, American, New Zealand and Canadian. They are 

mostly teachers and researchers in engineering sciences (electronics, network security, 

wireless communication, computer science) or in economics and management sciences, but 

also in social sciences (political science, sociology, law) and in information and 

communication sciences (see Figure 10). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Public consultation versionpage  50 / 241 March 
2021



Anses ● Collective expertise report Referral No. 2019-SA-0006 "5G 
    

 

   

 5 1  
   

 2 17  

   

 3   

 11   

 Engineering Sciences Economic and management sciences  

 Communication Law and Sociology  

 Political Science Neuroscience  
    
  

Figure 10: Distribution of the corpus of The Conversation articles on 5G by scientific fields of 
their authors (n = 39). 

 

 

The analysis of the articles published by these academics reveals, as in the press, a plurality 

of questions associated with 5G technology and an overall field that is structured by 

discourses where the theme of health risks is only one among others. This is initially 

addressed in 2017, but it will only be truly developed during the year 2020, especially in 

association with the issue of false information on 5G and conspiracy theories on the link 

between 5G and the Covid-19 pandemic. 
 
Thus, it is possible to distinguish four main themes around which the authors' positions are 

organized: (1) Health and Risks; (2) Intox and Conspiracy, 5G-Covid19 ; (3) The Huawei case 

and geopolitical issues; (4) Technological promise and the Internet of Things. Two other 

themes appear towards the end of 2020, in a very minority way: (5) Digital capitalism and the 

risk of surveillance; (6) 5G and energy consumption. A summary of the articles, presented by 

theme, author and date of publication, is given below69. 
 

2.2.7.1 Health and Risk 
 
From the very first articles, it is the theme of health that is highlighted by the authors. It is first 

cited among the many benefits expected from the deployment of 5G and ranks among the 

promise of new uses: "The best doctors and surgeons could then perform diagnosis and even 

surgery remotely using connected, tactile technologies" (Mischa Dohler, Professor of 

Wireless Communications, King's College London, 09/2014). 
 
The health risks related to the waves emitted and the multiplication of relay antennas, as for  

à They were first mentioned in 2017 as being, in a way, a mortgage to be lifted in the face of 

"the true digital revolution" and its promises of economic recovery and new jobs, "if, however, 

the conclusions are in the right direction  
 
 
 
69 Their presentation voluntarily takes the form of book reports to avoid the risk of misinterpretation or 
even overinterpretation of the authors' statements. 
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reduced impacts" (Hugues Poissonnier, Professor of Economics and Management, Grenoble 

E.M., 04/2017). 
 
Two years later, in Australia, Sarah Loughran (Director of the Australian Centre for 

Electromagnetic Bioeffects Research at University of Wollongong, 08/2019) tries to remove the 

doubt with an article with a very explicit title: "There's no evidence 5G is going to harm our health, 

so let's stop worrying about it. She bases her thesis on two technical explanations, the way very 

high frequencies work - which means that they are mostly absorbed by the skin instead of 

entering the body - and the type of radiation - non-ionizing - which characterizes all generations of 

cell phones and which does not damage our DNA as ionizing radiation from the sun or X-rays can 

do. The author also reviews research and regulation, one of which has failed to establish health 

effects from cell phone exposure, the other of which provides safety limits that - according to the 

author - are well below levels known to cause harm. The article concludes by pointing to the 

public misinformation around 5G and concerns about new frequencies and the multiplication of 

base stations, concerns that would be unfounded. Arguing that it has been proven that fear and 

anxiety can be detrimental to our health and well-being, the author ultimately challenges the 

scientific community to counter misinformation as being more dangerous than the technology 

itself. 
  
In January 2020, in England, it is the political opposition of people fearing that this technology 

could harm human health that is put forward in the competition between the two 

infrastructure systems that support on the one hand fiber and on the other hand 5G, this for 

the areas where there could be a choice between the two solutions. Mohamad S. Hasan 

(Senior lecturer in Computing, Staffordshire University, 01/2020), considers that it could be 

difficult to convince everyone of the harmlessness of this technology, although there is - he 

claims - no evidence of health effects of 5G. According to this author, the public's distrust of 

this technology could weigh in the trade-offs between fiber and 5G, especially in rural areas 

where 5G could be an advantageous replacement for fiber by avoiding the connection of all 

homes. 
 
In France, Delia Arnaud-Cormos and Philippe Lévêque (respectively lecturer in bio-

engineering, University of Limoges and director of research in electronics at the CNRS, 

10/2020) contribute to the discussion on 5G and health with an article that aims to review the 

state of knowledge in terms of exposure to electromagnetic waves, an article that is also 

reassuring, in the same vein as that of the Australian Sarah Loughran. After briefly recalling 

the imperatives behind the evolution of telecommunication networks, the authors describe 

the new frequencies that will be used by 5G as well as the evolutions compared to 4G to 

come to the exposure and interactions with the human body. They detail the thermal effect 

resulting from exposure to the waves and the reference levels that have been defined based 

on Icnirp recommendations. They note the proximity of the frequency band around 3.5 GHz 

with those used for 4G, and the consensus of scientists - without citing them - on the 

absence of proven health effects. Reassuring on this point, they consider that questions 

remain regarding the exposure of children and pregnant women, as well as chronic 

exposure. Further on, they also detail the main characteristics of the future frequency ranges 

(26 and 60 GHz), emphasizing the attention given to the potential risks to the skin, nerve 

endings and blood circulation associated with the lower penetration of the waves. 
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2.2.7.2 Intoxication and conspiracy, 5G-Covid19 
 
Tim Hill, (lecturer in marketing, University of Bath, 04/2020) and his two co-authors (Robin 

Canniford, University of Melbourne and Stephen Murphy, University of Essex ) focus on the 

growing number of groups in the UK, Australia and the US who believe that 5G is the real cause 

of the Covid-19 pandemic, and that disruption of the 5G network is needed to stop the spread of 

the virus. They offer an explanation for the popularity of conspiracy theories on the grounds of a 

contemporary spirit of distrust of governments and health organizations and a particular attraction 

to alternative explanations in times of crisis. But, unlike the "shadowy cabals and occult forces" 

that usually support conspiracy theories, they observe that the "5G-coronavirus" conspiracy can 

materialize in on-the-ground actions due to the characteristics of the 5G network, which is 

composed of easy physical infrastructure 
 
à to be identified and reached. For example, vandalism of antennas and telephone towers 

represents the possibility of exercising some control over disturbing events. The "infodemia" 

is intensifying under the combined effect of social media, growing distrust of the claims of 

science, and populist figures pitting an enlightened community of "common people" against 

corrupt elites. In the face of this, the authors place the challenge on governments and the 

media to restore public trust. 
 
Destiny Tchéhouali (Professor in International Communication at UQAM, 06/2020), extends 

this topic and positions herself on other themes developed in conspiracy theories, such as 

the link that is made between the epicenter of the Covid-19 pandemic in Wuhan and the 

numerous 5G towers in the city, even though the network would not be fully deployed there, 

or other theories that claim that the waves emitted by the 5G infrastructure would weaken our 

immune system. After describing the novelties of the infrastructure and the technological 

promise, the author questions the social cost of these new ultra-connected devices in light of 

the risks and their potential and actual effects on human health, while 5G is in the pre-

commercialization phase in Canada where it is considered by some as "The last beachfront 

property". He acknowledges the controversies surrounding the use of 5G, crystallizing 

societal concerns, which he attributes to "irrational fear generated by uncertainty about the 

risks of a perceived invasive technology." From this framework, he seeks a middle way 

between "the enthusiasm of technophiles" and "the skepticism of technophobes". He then 

recommends a third way, which he describes as "rational", for a peaceful relationship 

between society and technology. 
 
In June 2020, The Conversation Editorial Board chose to participate in the spotlighting of  
« The project "5G Conspiracy Theory" is based on the work of four academics, both British 

(Wasim Ahmed, Lecturer in Digital Business at Newcastle University; Joseph Downing, Fellow at 

the London School of Economics; Peter Knight, Professor of American Studies at the University 

of Manchester) and Dutch (Marc Tuters, from the Department of Media & Culture, University of 

Amsterdam), who have already carried out extensive research in the field. They question the 

origins, development and mutations of this theory in order to propose modes of action that could 

help stem the tide of fake news. Historically, they note that doctors first spoke of "radiophobia" in 

1903 and that, following the fears about power lines and microwaves in the 1970s, opponents of 

2G in the 1990s suggested that cell phones could cause cancer and that this information was 
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concealed. Regarding the coronavirus-5G conspiracy theory, they distinguish a variation "into 

several different strains of varying degrees of likelihood". One of the first versions of the 

theory noted the coincidence between the testing of 5G technology in Wuhan and the 

geographical origin of the pandemic. It later claimed that the pandemic was a deliberate 

creation to keep people at home while 5G was deployed everywhere, and in keeping with this 

narrative, that it weakened the immune system by making people vulnerable to infection, or 

else directly transmitted the virus.   
These authors note that 5G narratives and COVID-19 conspiracy theories often combine in "a 

toxic cocktail of misinformation" citing the theory that the pandemic is a plan by global elites (Bill 

Gates or George Soros), in league with Big Pharma "to institute mandatory global vaccinations 

that would inject carrier control chips that would be activated by 5G radio waves." Further on, they 

explain the specificity of the 5G coronavirus theories. Their first peculiarity is that they bring 

together people from both the far right and the antivax community, seemingly creating links 

across the political spectrum. Through a quantitative analysis of Twitter, they also show the role 

of social media influencers who strive to connect previously separate communities and that 

followers, those who believe in and propagate conspiracy theories, are now representative of a 

part of today's society. In an analysis of more than 10,000 tweets with the #5Gcoronavirus 

hashtag, conducted from March 27 to April 4, 2020, the four authors discovered an account that 

was spreading the conspiracy theory with more than 300 tweets in 7 days. Overall, more than 1/3 

of users believed the theory or shared views in its favor. 
 
Jaron Harambam, Postdoctoral Researcher in Sociology, University of Leuven (06/2020), 

uses 5G as a case study to approach conspiracy theories, arguing that to understand these 

theories one should focus on the meaning, diversity and context of each one, as well as on 

the people who subscribe to them. This, he argues, would avoid "collectively stigmatizing 

certain ideas and people - and prematurely excluding them from legitimate political debate. 
 
Michael Jensen (Senior Research Fellow, Institute for Governance and Policy Analysis, 

University of Canberra, 07/2020), first notes that people's trust in 5G has been undermined by a 

massive misinformation campaign, based on public fears, disseminated on the internet and 

presented as fact, and that this affects institutions and government. To support his thesis, he 

reports on research he conducted based on the analysis of 530 public submissions (questions 

and comments from citizens) to an Australian Parliamentary Committee on the launch of 5G. He 

argues that a significant proportion of these "submissions" made inaccurate claims about the 

health effects of 5G, using language from well-known conspiracy theory websites. Notably, he 

explains that he followed the feed from two conspiracy sites (CRG and Zero Hedge) to Facebook 

groups specifically targeting Australia, and identified 73 similarities in wording between the 

Facebook posts and the analyzed submissions. He also points out that 50% of the speech in the 

submissions matched word for word with the speech in the extreme conspiracy groups' Facebook 

posts. From this research, he argues that conspiracy groups are trying to influence how 

Australians think about 5G, aided by Facebook algorithms, trolls and online bots. He concludes 

this section by suggesting that governments be proactive in communicating technical and 

scientific information to the public and reminding us that "a public sphere without a trusted voice 

will 
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quickly fills with misinformation". He goes on to argue, based on the Antivax study, that 

people may be wrong but that this does not mean they are irrational, and that "rather than a 

lack of scientific fact, they lack trust in the institutions that produce and disseminate science." 
 
If discussions on misinformation are very often associated with those on health issues, this is less 

the case for other topics, which seem to be more a matter of debate between experts than of 

misinformation campaigns relayed on social networks. 
 
 

2.2.7.3 The Huawei case (+ZTE) and geopolitical issues 
 
The debate around the integration of telecom equipment from Chinese companies Huawei 

and ZTE on 5G networks in different countries has led to several articles in the English-

language version of The Conversation. 
 
As early as 2018, Sandeep Gopalan (Professor of Law at Deakin University, 06/2018) 

addresses the security risks associated with the inclusion of equipment manufacturers 

Huawei and ZTE in Australia's 5G mobile infrastructure. Citing various concerns about the 

two Chinese companies and after identifying numerous cases, suspicions, and accusations 

against Huawei or ZTE in the U.S. and other countries (Norway, Mongolia, Algeria, and the 

Philippines), he argues that in light of the past "it is difficult to justify a departure from the U.S. 

approach" and suggests that Australia should follow the U.S. example in dealing with the two 

companies. 
 
David Belgrave (Lecturer in Politics and Citizenship, Massey University, 02/2019) continues 

the discussion from the terrain of New Zealand. Following the New Zealand government's 

decision to block Huawei on security grounds, he questions New Zealand's position in an 

Asia-Pacific region transitioning to a system in which Chinese rules are slowly replacing 

American ones. He weighs values such as privacy, national security and freedom of 

expression against the need to trade with China, which poses a threat to the values that 

matter to New Zealanders. So, the author asks, how far should Beijing's interests be pushed 

back, and if not, how much will citizens be willing to pay for an easy trading relationship with 

China? 
 
Marina Yue Zhang (Associate Professor of Innovation and Entrepreneurship, Swinburne 

University of Technology, Melbourne, 06/ 2019) expands on the topic of 5G economic and 

geopolitical issues. She revisits the U.S.-China trade dispute that has halted 5G infrastructure 

from China in both the U.S. and Australia (August 2018). She de-centers the 5G topic from the 

smartphone and fast internet for the individual, to posing it as an issue of collaboration, 

innovation, and global commerce. In this space, China is determined to take the lead by imposing 

its 5G technical specifications through the markets it is conquering, mainly in Europe, Asia-Pacific 

and the Middle East. She clarifies one reason for the U.S. positioning vis-a-vis Huawei by noting 

that mid-band frequencies (around 3.5 GHz), which offer broader coverage and require less 

infrastructure investment, have limited access for commercial 5G in the U.S., as most of this 

spectrum is for defense. As a result, the U.S. developed its 5G technology for the high-band (26 

GHz) spectrums, in contrast to Huawei's 5G technology, which was developed for the medium 

band, the bulk of the global market. With the U.S. pushing its allies to exclude Huawei from their 

5G networks, she believes that it will take more money and a longer wait to have a 5G system 
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fully operational. She believes that the growth of 5G should "accelerate the development of 

an ecosystem in which different countries can coexist and grow together, supported by 

interconnected and interdependent supply chain networks... but this is likely to fail if the 

countries involved build their 5G infrastructures differently." 
 
Christopher Findlay (Honorary Professor of Economics, Australian National University, 

12/2019) follows suit. For him, 5G deployment is one of the most important potential sources 

for future productivity growth.   
Continuing the analysis, Greig Paul (Lead Mobile Networks & Security Engineer, University 

of Strathclyde, Glasgow, 01/2020) looks at the trade-off between allowing Huawei to equip 

35% of the radio access network in Britain, while prohibiting it from equipping the core, which 

deals with the security-sensitive aspects of the mobile network. For him, there is no doubt 

that the commercial interests of network operators are potentially at odds with the security 

interests of the UK regarding Huawei. 
 
Jamie Gaskarth (Senior Lecturer in Politics and International Relations, University of 

Birmingham, 02/2020) examines the implications of the U.K.'s decision to partially license 

Huawei despite U.S. opposition on the two countries' intelligence collaboration. 
 
The Frenchwoman Christine Dugoin-Clément (geopolitical analyst at IAE Paris Sorbonne and 

Saint Cyr Coëtquidan, 09/2020), regrets that the debate is crystallizing around environmental 

issues, depriving it of the geopolitical reading of the development of 5G, which is also - 

according to her - of great importance. For her, 5G will probably be a technological revolution 

that will lead to the mastery, or not, of tomorrow's world. 

 

2.2.7.4 The 5G promise, the Internet of Things in question 
 
In 2015, Australian Mark A. Gregory (Senior Lecturer in Electrical and Computer Engineering, 

RMIT University, 04/2015) did not expect the 5G network to be deployed before the end of the 

decade, but instead predicted the deployment of the Internet of Things. He expected 
 
à see, as we approach 2020, "more than 50 billion connected devices in the world" and that 

the Internet of Things will no longer be "something we think about, but will be all around us." 
 
A year later, David Glance (Director of UWA Centre for Software Practice, University of Western 

Australia, 02/2016) is skeptical about the marketing offensive of companies like Intel, Ericsson 

and Cisco, who claim that 5G can support the Internet of Things. Taking up the estimates of 

Gartner and Cisco, which respectively announced 21 and 50 billion connected objects by 2020, 

he notes that with  
« From such estimates, it is easy to see why telecom companies and governments see the 

importance of 5G networks." From his point of view, there are many challenges to be 

addressed before this technology will produce real benefits: "the main challenge to be 

overcome in order for Internet of Things devices to really deliver benefits is the development 

of software that will actually interpret the data produced by these devices and turn this data 

into knowledge that can be acted upon." 
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In 2020, Valérie Michaux (HDR Lecturer at Neoma Business School, 09/2020), confirms this 

"skeptical" perspective. According to her, "5G represents a  
« technological "potentiality"... which says nothing about what can happen. For example, in 

2013, 50 billion connected objects were expected in 2020, but by the end of 2019, there were 

only 7.6 billion connected objects, if we exclude computers and smartphones. She explains 

that if we overestimate the speed of diffusion of innovations in the short term, by fashion 

effects, we underestimate the transformations induced in society in the longer term. In this 

perspective, she predicts the peak of 5G for 2035, unless there is an unexpected 

acceleration, and believes that "the major brake on the development of 5G will be societal".  
 

2.2.7.5 Supervisory Capitalism 
 
Yannick Chatelain (research professor at Grenoble Ecole de Management, 09/2020) points 

out the risk of surveillance on privacy inherent to the overpowering 5G technology, which will 

be accompanied by an increase in the number of connected devices and will entrust our 

personal data to a single operator. Faced with an economy whose engine would be the profit 

generated by the orientation and knowledge of our personal preferences, the author invites 

France to adopt a master plan to prevent the evolution towards a generalized surveillance at 

the service of a few large companies: "a plan placing the citizen at the center of the design 

process of the related digital innovations enabled by 5G".   
2.2.7.6 5G and energy consumption 
 
Finally, Alain Cappy (Professor Emeritus in Electronics at the University of Lille, 11/2020), 

focuses his contribution on the consequences of the introduction of 5G on energy 

consumption. He first reminds us that we must necessarily cumulate the consumption of the 

data transmission part with that of the processing part of the transmitted data to have a 

complete view, as the processing alone represents more than 50% of the energy 

consumption. In this regard, he points to the processors that perform the processing,  
« we cannot expect any significant improvement in computing speed or energy consumption 

in the coming years". According to the author, this applies to all processors, the problem 

being their very poor energy efficiency: "a processor is above all an electric radiator". Using 

two examples, including that of the autonomous car, which would be "boosted" by 5G, he 

reveals the considerable computing power that is required for this autonomy and the 

significant amount of energy taken from the battery to process the information. He then 

compares the free processing of this information when the vehicle is driven by a human, to 

assert that "promoting an energy-intensive technology such as that of autonomous vehicles 

on a large scale is therefore an ecological nonsense". He concludes by denouncing the 

confusion between "intelligence" and "computing power" and proposes to add the constraint 

of a limited use of material and energetic resources to all innovation processes: "encourage 

frugal and parsimonious innovation". 

 

2.2.7.7 5G, between discussion of the promise and the problem 
 
Two clusters of discussion emerge from the set of articles reviewed. The first, since 2014, 

has been organized around the digital transition of society, which would continue its course in 

a new phase, with the deployment of the 5G technology system and the 
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the need to set up its technical and normative system. Like the 5G ecosystem under 

construction, the articles present a set of contributions, positions and questions concerning 

the technological promise (and its applications, including the Internet of Things), the technical 

issues to be resolved (network security), and the economic or geopolitical aspects.   
À From 2017, a second discussion is launched, this time around the "societal brake", mainly 

represented by the problem of electromagnetic waves and the fear of their effects on health. This 

question of fear is discussed in the articles of the corpus more than that of risks. Sometimes, this 

fear is considered more dangerous than the waves themselves and, in most cases, the authors 

take the position that there are no proven health effects, based on existing studies. These studies 

are not cited. It should be noted that only two articles deal with risk assessment and are written 

by specialists in exposure to electromagnetic fields70. 
 
From April 2020, in the context of the Covid-19 pandemic, the debate bifurcates on the 

proliferation of conspiracy theories, particularly those on the "5G-Covid19 " relationship, attributed 

to both lack of information and public anxiety. While most of the articles dealing with this topic 

focus on deconstructing false information, particularly around 
 
« 5G-Covid19 ", a minority invite to take the phenomenon seriously and to apprehend it from 

its dynamics of construction in order to understand it. This debate on "Intox and conspiracy" 

is mainly present in the English-speaking part of the corpus (only one article in the French-

speaking sub-corpus deals with the issue). 
 
In the French-speaking community, the discussion on "societal brakes" is more diversified. It 

is gradually developing, grafting onto the issue of health risks those of risks to privacy 

(surveillance capitalism) and risks to the environment (increased energy consumption). The 

articles published in the French version of The Conversation are equally divided between 

coverage of the business aspects of 5G and its implementation. The discussion on health, 

surveillance and energy crisis issues does not stop at the specific framework of 5G. It 

sometimes spills over into the questioning of a development model, reinforced by the 5G 

system, which would expose everyone to various risks in the name of growth, in the absence 

of real places of control and democratic arbitration of this dynamic. 

 

2.2.8 Conclusion 

 

2.2.8.1 A socio-technical controversy like no other 
 
5G is not a technology like the others. It is a combination of technical developments (antennas, 

media, data transmission modes, ..., frequency bands) and evolutions of uses that lend 

themselves to controversy. These different properties are indeed presented in the promoters' 

speeches as technical, economic and societal advances, while they take on new meanings when 

they enter the public arena. Here, they take place in the debates as sources of concern on the 

health, environmental, social and political levels. 
 
 

 
70 The article by Sarah Loughran, from the Australian Centre for Research on Electromagnetic 
Bioeffects - University of Wollongong, and the article by the French authors Delia Arnaud-Cormos and 
Philippe Lévêque, respectively Lecturer in Bioengineering at the University of Limoges and Director of 
Research in Electronics at the CNRS. 
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The 5G is frightening and is generating an unprecedented mobilization against it. The 

absence of scientific literature on the subject, due to the lack of hindsight on a recent and 

evolving situation, has introduced the need to rely on the study of media corpus (press, social 

networks, scientific popularization) to report on it. 
 
The analysis of these corpora shows first of all the multidimensional character of the public 

contestation of this new technological complex that represents 5G. Three dimensions are 

targeted by the criticism: (1) the technical system itself, whose intrinsic properties (the 

infrastructure, its components and its externalities) are the subject of controversy as sources 

of potential risks - health, environmental and security; (2) the decision-making process, with 

the denunciation of a deployment launched in the absence of citizen consultation and without 

waiting for the results of the expert risk assessment ; (3) the societal dimension of the 

deployment program, with regard to which the opponents express their skepticism, both in 

terms of uses and energy efficiency, particularly in relation to the evolution of uses 

themselves.   
The analysis also highlights some major specificities of this socio-technical controversy. If the 

5G controversy is part of the meta-controversy on electromagnetic waves or fields, of which it 

represents a subsequent stage after those of "pre-5G" relay antennas, Wi-Fi and Linky 

meters, it nevertheless differs from it by the irruption of the ecological question. This is 

centered on two issues, that of energy consumption - which is associated with both the 

transmission and processing of data - and that of the replacement of obsolete terminals and 

infrastructures, with the consequent exploitation of natural resources and the production of 

waste, which is detrimental to the environment. This issue, which is unanimously supported 

by all the actors of the critique, is also discussed in different arenas (media, politics, science). 
 
A second specificity of this controversy is given by its eminently public character. This is 

supported both by the media coverage of the subject "5G and risks" - which is growing in size 

in a short time (from 837 press articles in 2019 to 2,400 in 2020) after a period of latency (the 

year 2018) - but also by forms of collective mobilization that are developing particularly in the 

digital public space, and by important political positions. 
 
Finally, the analysis of the media also reveals the political dimension of this controversy. To the 

question of the risks for health and the environment, which are requested to be evaluated by 

independent experts, the contestation associates that of the possibility to choose - or to refuse - 

the deployment of the technology in question. Public debates, moratoriums, decisions of 

municipal councils are indeed widely discussed in the media, in connection with the themes of 

risk and health and ecological impact of 5G. 
 
This question of free choice cannot be reduced to the deployment of 5G as a specific technology, 

nor to the health and environmental risks alone, insofar as this technology is often presented - by 

both its advocates and opponents - as a step towards a broader program of generalized 

digitization of society. With 5G technology, it is a type of society that is at stake, the all-digital and 

all-connected society, with its implications in terms of saturation of living spaces by an 

accumulation of exposure to electromagnetic fields, increased energy consumption due to the 

multiplication of uses, but also generalized surveillance. The source of conflict in the field of 5G is 

therefore most likely due to the fact that 
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Many people feel that all these changes are being imposed on them without any possibility of 

choice or participation in their construction. 

 

2.2.8.2 The nodes of the informal assessment of 5G health issues 

 
5G is still in its infancy, but there are major health concerns. The analysis  
of different media corpuses, specifically questioned on the health framing of the   
5G issue, reveals a variety of concerns and questions raised about it and, more specifically, 

about "5G waves." 
 
These concerns and questions are  the nodes of  an evaluation  
In this section, we will conclude with a discussion on the controversy. Therefore, they are 

presented here, to conclude this section on the controversy, as so many  
questions addressed by civil society to scientific expertise. The list below gathers the most 

frequent ones: 
 

• What do the new antennas imply for people's exposure?  
• Will the population be exposed to more intense radiation with 5G cell phones?  
• What are millimeter waves? Are they risky for health? 

• What about the superposition/accumulation of radiofrequencies? 

• Why are the exposure limits different between countries? 

• Shouldn't the standards on limit values be revised?  
• Does exposure to electromagnetic fields reduce the immune system?  
• What are the effects of 5G exposure on children and pregnant women? 
• What about chronic exposure? 

• Risk studies: where is the evidence?  
• Why are there no studies on the new waves? What should be the conditions for producing 

these studies?  
• Why is there no scientific consensus on the danger of electromagnetic waves?  
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 3International institutional positions  on the 
health effects of 5G  
 

 

The development of 5G has raised concerns about the health effects that could accompany 

this new generation of communication technology, through the publication of a large number 

of commentaries and/or position papers, but very few of which come from health agencies or 

expert groups. However, several countries have published the positions of their 

administrative or health entities on the possible health effects of 5G deployment. Among 

these countries, as noted in a recent report by a group of experts from the General Council 

for the Environment and Sustainable Development, the General Inspectorate of Social 

Affairs, the General Inspectorate of Finance and the General Economic Council71 , some 

rely on the conclusions of national experts or working groups (Sweden, Australia, Spain, the 

United States, the Netherlands and Switzerland), while others rely on the conclusions of 

international agencies or those of other countries. 
 
Some of these positions are listed below and their conclusions briefly summarized. 

 

3.1 International bodies 
 
 

The World Health Organization (WHO - Western Pacific Division), published on its website in 

February 2020, a short question/answer dedicated to the health effects of 5G72. In it, the 

WHO states in part, "To date, and after extensive research, no adverse health effects have 

been causally linked to exposure to wireless technologies. Health-related findings are derived 

from studies conducted across the entire radio spectrum, but to date only a few studies have 

been conducted at the frequencies that will be used by 5G." The WHO adds that the main 

mechanism of interaction between electromagnetic fields and the human body is a thermal 

effect, and that as frequency increases, penetration into tissues is reduced, with energy 

absorption confined to the body surface (skin and eye), but that no health consequences are 

expected if exposure remains below international limits (see section 4.1 of this report). 
 
The European Commission (EC) "has not yet conducted a study on the potential health risks 

of 5G technology." In response to the European Parliament's question about the safety of this 

technology, the EC responded on December 7, 2018, that "Current scientific evidence has 

not associated exposure to electromagnetic fields (EMFs) below the limits recommended by 

Council Recommendation No. 1999/519/EC3 with adverse health effects. ». However, the 

EC "agrees that there is a need for continuous updating of scientific knowledge". 73
  

 
 
 
 
71Deployment of 

5G in France and worldwide: technical and health aspects. September 
2020. https://www.igas.gouv.fr/spip.php?article794. 
72https://www.who.int/westernpacific/news/q-a-detail/radiation-5g-mobile-networks-and-health. 
73https://www.europarl.europa.eu/doceo/document/E-8-2018-005128-ASW_EN.pdf. 
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The need for further research on "potential adverse biological effects of electromagnetic fields 

(EMFs) and 5G" is cited in a document (briefing) entitled 

« Les effets de la communication sans fil 5G sur la santé humaine", available in French on 

the European Parliament website. 74 This is a summary written by a member of the European 

Parliament's research department to facilitate the work of MEPs. The document presents the 

advantages and disadvantages of 5G in a jumbled fashion and highlights several syntheses 

and studies that suggest harmful biological and health effects in connection with 5G. The 

document recalls the resolutions of the Parliament and the Council of Europe drawing 

attention to the potential dangers and calling for a re-evaluation of exposure limits. The 

studies are referenced and some of them are accessible by hypertext links. The quality of 

these studies is not described, nor is the method of literature search and analysis and critical 

evaluation, as the document is intended for internal use to inform parliamentarians. Unlike 

other national reports, the document presents the differences between 5G technology and 

previous technologies and states in particular that "the current European Union provisions on 

exposure to radio signals, contained in the Council Recommendation on the limitation of 

exposure of the general public to electromagnetic fields (from 0 Hz to 300 GHz), were set out 

20 years ago and therefore do not take into account the specific technical characteristics of 

5G. It also emphasizes the security problem posed by wireless networks, especially in 

comparison with wired transmission and fiber optics in particular.   
Finally, this document cites Council of Europe Resolution 1815 (2011)75 which: "...stresses 

the crucial importance of the independence and credibility of scientific expertise carried out to 

ensure a transparent and objective assessment of possible harmful effects on the 

environment and human health. "and recommends "to take all reasonable measures to 

reduce exposure to EMFs (especially from cell phones), and to protect especially children 

and young people for whom the risk of head tumors appears to be highest; to review the 

scientific basis of the current standards for exposure to electromagnetic fields set by the 

International Commission on Non-Ionizing Radiation Protection, which have serious 

weaknesses ; Disseminate information and awareness campaigns about the risks of 

potentially harmful long-term biological effects on the environment and human health, 

especially for children, adolescents and young people of childbearing age; Give preference to 

wired internet access systems (for children in general, and especially in schools and 

classrooms) and strictly regulate the use of cell phones by students on school grounds; 

Increase public funding for independent research, to assess health risks. ».  
 
 
 
 
 
 
 
 
 
 
 

 
74https://www.europarl.europa.eu/thinktank/fr/document.html?reference=EPRS_BRI%282020%29646 
172  
75http://assembly.coe.int/nw/xml/XRef/Xref-XML2HTML-FR.asp?fileid=17994&lang=FR 
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3.2 Foreign National Bodies 
 
 

3.2.1  United States  

 

The Food and Drug Administration (FDA) devotes a page on its website to cell phone 

safety76 . Recalling that the current energy absorption limit set by the Federal 

Communications Commission (FCC) remains acceptable for the protection of public health, 

and based on a review of the scientific literature 2008-2018 (carried out by its own specialists 

and reviewed by external experts)77 , the FDA states, among other things, that "there is no 

strong or credible scientific evidence to date of health problems caused by exposure to 

radiofrequency energy emitted by cell phones. Looking specifically at 5G, FDA's position is 

that there are no new consequences with 5G: "although many specifics of 5G remain ill-

defined, it is known that 5G cell phones will use frequencies covered by the current FCC 

exposure guidelines (300 kHz-100 GHz), and the conclusions drawn based on the current 

body of scientific evidence cover these frequencies." 
 

 

The US Government Accountability Office (GAO) produced a report on 5G78, commissioned 

by members of the Senate and House of Representatives. To do so, GAO staff conducted 

extensive hearings with stakeholders and scientific and health institutions and convened a 

meeting of 17 experts. The report focuses on opportunities, challenges, network security, 

privacy, and policies for the deployment and use of 5G networks. It does, however, include a 

chapter dedicated to concern about the possible health effects of exposure to radio 

frequencies emitted by 5G. "The deployment of 5G technology, including the numerous 

antennas needed to transmit and receive high frequencies, may exacerbate public concerns 

that exposure to radio frequency energy may cause cancers or endanger human health, 

although there is only limited evidence to support these concerns." Drawing on the analyses 

and positions of US agencies (FCC, FDA, NCI) to argue that "there is currently no strong 

evidence of health risks associated with exposure to 5G radio frequencies in humans," the 

report emphasizes the need to address public concerns about the possibility of as-yet-

unknown long-term health effects because the technology is still very new. In particular, the 

chapter points out the high frequencies of 5G, active antennas, effects on vulnerable 

populations and non-cancer effects. In conclusion, the report suggests the measurement of 

radio frequency exposures of populations and the regular production of research summaries 

for decision makers and the public. 
 
The New Hampshire State House of Representatives has established a thirteen-member 

Commission79 to study the environmental and health effects of 5G technology 

developments: 3 representatives, 2 senators, 3 members of state government (Attorney 

General, Economic Affairs, Health), 2 academics, 2 representatives of  
 
76https://www.fda.gov/radiation-emitting-products/cell-phones/scientific-evidence-cell-phone-safety 

77 https://www.fda.gov/media/135043/download.  

785G 
Wireless: Capabilities and Challenges for an Evolving Network. GAO-21-26SP: Published: Nov 

24, 2020. Publicly Released: Nov 24, 2020. https://www.gao.gov/products/GAO-21-26SP.  
79www.gencourt.state.nh.us/statstudcomm/committees/1474/reports/5G%20final%20report.pdf. 
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telecommunications industries and 1 citizen, with expertise in physics, electromagnetic 

engineering, epidemiology, biostatistics, occupational health, toxicology, medicine, public health 

policy, business and law. The Commission's mandate was to respond to  
à 8 questions. It met between September 2019 and October 2020, did not evaluate scientific 

publications itself, but heard from 10 scientific experts in physics, epidemiology, toxicology, and 

public policy who contributed selected literature references. "All of them, with the exception of the 

telecommunications industry representative, acknowledged the large amount of peer-reviewed 

research that shows that the type of RF radiation generated by wireless devices can have a 

deleterious effect on humans and especially children, as well as on animals, insects and 

vegetation." The Commission's majority report is not limited to the  
5G but considers all mobile radio frequencies and is against a mass deployment of 5G in the 

state of New Hampshire. The report itself is very brief, limited to a summary and 15 

recommendations, including the revision of exposure limits, the conduct of objective studies 

without conflict of interest, the monitoring of exposures, the protection of vulnerable 

populations (children, pregnant women), the implementation of exposure signs. It is 

completed by voluminous appendices, including transcripts of the Commission's meetings 

and hearings. Three members of the Commission (one senator and two members of 

industry) considered that the Commission had "neglected its mandate to study the benefits 

and risks associated with 5G technology", that "the entire scientific literature on wireless 

technology had been ignored" and that "the Recommendations were not based on scientific 

fact and were irresponsible" wrote a minority report that stated, among other things, that 

"numerous independent analyses of peer-reviewed studies by national and international 

organizations conclude that there are no known health risks to humans from RF energies 

emitted by wireless devices and infrastructure."  

 

3.2.2 Australia and New Zealand 

 

The Australian Radiation Protection and Nuclear Safety Agency (Arpansa) posted a brief 

communication on its website in March 201980 stating, in part, "The Australian Radiation 

Protection and Nuclear Safety Agency (ARPANSA) safety standard sets limits for exposure 

to electromagnetic-radiofrequency fields (EMF-RF). These limits are set well below levels 

that could pose a risk to human health. The operating frequencies of the 5G network are 

within the limits set by the ARPANSA safety standard. 5G infrastructure and devices emitting 

RF-EMC are regulated by the Australian Communications and Media Authority (ACMA), and 

emissions must comply with the limits set by the ARPANSA safety standard." And: "At 

exposure levels below the limits set by ARPANSA and international organizations such as 

the WHO and Icnirp [see section 4.1 of the report] assess that there is no established 

scientific evidence of deleterious health effects from very low population or individual RF-

EMF exposures.  
 
 
 
 

 

80 https://www.arpansa.gov.au/news/5g-new-generation-mobile-phone-network-and-health 
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The New Zealand Ministry of Health has published several documents on its website,81 

including a "5G and Health" document (January 2021) reporting on recent measurements in 

New Zealand that suggest exposures to 5G signals are similar to or lower than those from 

existing sites. This paper further refers to positions of international bodies to conclude that 

research has not demonstrated health effects below [exposure] limits of the type used in New 

Zealand.    
3.2.3 Europe 

 

3.2.3.1 Germany 
 
The Federal Office for Radiation Protection (Bundesamt für Strahlenschutz, Bfs) 

recommends a cautious expansion of 5G82 on its (very brief) website. The Bfs notes that 

"initially, the frequencies used for the 5G mobile communication standard will be those we 

already use today for mobile communications. The effect of electromagnetic radiation from 

mobile radio communications on humans has been well studied. Below the limit values, no 

health effects have been proven. The limit values are respected. The Bfs adds that in a few 

years, 5G will use higher frequencies whose effects have not yet been well studied, advises 

cautious development and will study the effects of new frequency bands. The BfS further 

notes that the development of 5G will likely result in more antennas with less transmission 

power and says it will need to be studied whether human exposure to radiation increases 

during the various stages of 5G development. 

 

3.2.3.2 Spain 
 

The Comité Cientifico Asesor en Radiofrecuencias y Salud (CCARS)83 does not present a 

review of studies on the health effects of 5G, but refers to the EMF Portal database 

(www.emf-portal.org) (705 references, 263 of which are in English, on the subject) and 

concludes: "Can we rest easy? Yes, depending on the scientific evidence available. It can be 

expected that the foreseeable exposure levels will not change significantly and, in any case, 

will not exceed the maximum permissible limits that guarantee public health with regard to 

electromagnetic emissions" (see § 6.2.4 for more details). 

 

3.2.3.3 Italy 

 
A paper from the National Center for Radiation Protection and Computational Physics of the 

Higher Institute of Health (Rome) briefly discusses the possible health risks of 5G.84 The paper 

notes, "Not only will population exposure levels be well below the thresholds for short-term 

thermal effects, but the 'proliferation of antennas' will be a major factor in the development of 5G. 

This paper notes "Not only will population exposure levels be well below short-term thermal effect 

thresholds, but the "proliferation of antennas"  
 
81https://www.health.govt.nz/your-health/healthy-living/environmental-health/radiation-environment/cellsites-and-5g 
82https://www.bfs.de/SharedDocs/Stellungnahmen/BfS/EN/2019/0320-5G.html  
83http://ccars.org.es/attachments/article/229/5G%20y%20Salud.pdf 
84https://www.iss.it/documents/20126/2265547/5G_e_rischi_per_la_salute.pdf/d50f25e6-25e4-48c8- 
b8c3-  
7da28cc57827?t=1575725274470. 
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However, it is important that the introduction of this technology is accompanied by careful 

monitoring of exposure levels (as is already underway for current cell phone technologies) 

and that research continues into possible long-term effects.  
 

3.2.3.4 The Netherlands 
 
The Health Council of the Netherlands published a report "5G and Health" in September 

2020, at the request of Parliament85. In this report, the experts note that the health effects of 

5G have not yet been fully studied, but note that 5G will to some extent use frequencies 

already used in 3G and 4G mobile telecommunications and whose effects have already been 

evaluated. The expert panel says it is unable to say whether exposure to 5G frequencies 

actually causes a risk to human health. The experts re-evaluated their previous conclusions 

on the relationship between exposure to radio frequencies and the occurrence of effects on 

biological processes or diseases such as cancers, reduced fertility in males, pregnancy 

problems and neonatal malformations, and conclude that there is no proven or even probable 

risk but that it is not possible to exclude a relationship with RF exposure (the only exception 

being that the experts consider the effect of RF on the electrical activity of the brain as 

probable) (cf. 6.2.3 for more details on the articles reviewed and the conclusions). Finally, the 

experts recommend to the Parliament to deploy 5G with the lowest frequency bands (3.5 

GHz) that have already been used for years for telecommunication applications and Wi-Fi 

without proven adverse health effects, to monitor population exposure with the introduction of 

5G, and to wait before deploying 5G with the higher frequencies (26 GHz bands and above). 

 

3.2.3.5 United Kingdom 
 
Public Health England (PHE) devotes a (very brief) page on its website to 5G technologies, 

radio frequencies and health86. Regarding the higher frequencies planned for 5G, PHE 

notes that these frequencies are not new and have been used for years for various 

transmissions, and that the main change is that these radio waves penetrate less into tissues 

and that any heating would be confined to body surfaces. In summary, PHE states that "it is 

possible that there is a  
 

 
85https://www.healthcouncil.nl/documents/advisory-reports/2020/09/02/5g-and-health  
86https://www.gov.uk/government/publications/5g-technologies-radio-waves-and-health/5g-technologiesradio-

waves-and-health 
 
https://www.gov.uk/government/publications/5g-technologies-radio-waves-and-health/5g-
technologiesradio-waves-and-health 
 
https://www.gov.uk/government/publications/5g-technologies-radio-waves-and-health/5g-technologies 
radio-waves-and-health 
 
https://www.gov.uk/government/publications/5g-technologies-radio-waves-and-health/5g-technologies 
radio-waves-and-health 
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slight increase in overall exposure to radio waves when 5G is added to an existing network or 

in a new area. However, the overall exposure is expected to remain low relative to the 

guidelines and as such, there should be no adverse public health consequences."  
 

3.2.3.6 Sweden 
 
In 2020, the Swedish Radiation Safety Authority (SSM) published on its website the 14th 

report of its Scientific Council on Electromagnetic Fields87 , which covers all electromagnetic 

fields (static, low frequency, high frequency). This report, written by a group of international 

experts, concludes that "no causal relationship between exposure to electromagnetic fields 

and health risks has been identified" (see § 6.2.2 for more details on the analysis of the 

articles and the conclusions). Specifically regarding 5G, the Authority mentions that "although 

there is no established mechanism for health to be affected by low RF exposure, there is a 

need for more research covering the new frequency domains used for 5G. The Authority also 

encourages researchers to undertake cohort epidemiological studies in this area." 

 

3.2.3.7 Switzerland 
 
The Federal Department of the Environment, Transport, Energy and Communications (DETEC) 

set up a multidisciplinary working group that produced a Report "Mobile Telephony and Radiation 

"88 in November 2019. It should be noted that the mandate of this working group was to "draw up 

a report with recommendations for future steps in mobile telephony, in the short and long term, 

taking into account the interests of protection and use [...]( and) to examine whether the current 

ILVs (immission limit values) and ILVnsts (installation limit values) for mobile telephony antennas 

still comply with the criteria of the precautionary principle in the event of their further 

development, or whether adaptations are necessary. It was not, however, the task of the 

committee to comment on the deployment of 5G in Switzerland or to carry out studies on the 

effects of cell phone radiation on health." "The survey of knowledge regarding the health effects 

of cell phone radiation is based on the report Hug et al, (2014), prepared for the report on cell 

phone networks adapted to future requirements published by the Federal Council [....]. This  
report was supplemented with new studies selected from the newsletter of the Non-Ionizing 

Radiation Expert Advisory Group (Berenis) [1,757 publications published between January 1, 

2014 and the end of November 2018, of which 189 were reviewed in detail and 83 were 

summarized and evaluated in a newsletter]. Other international evaluation reports published 

since 2014 were also considered." 
 
The group noted that "only a few studies have been conducted on the acute effects of 5G 

technology on cells and animals. The working group's risk assessment was therefore based 

on studies conducted on 2G, 3G and 4G technologies and focused on frequencies in the 

same range as those used for 5G." 
 
The working group updated the knowledge in light of publications since the Hug report (with the 

exception of cell biology data) and found that "until 
 
 

87 https://www.stralsakerhetsmyndigheten.se/en/publications/reports/radiation-protection/2020/202004/  

88 https://www.bafu.admin.ch/dam/bafu/fr/dokumente/elektrosmog/fachinfo-daten/bericht-mobilfunk-
undstrahlung.pdf.download.pdf/Rapport_TelephonieMobile-Rayonnement.pdf 
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At present, no health effects have been solidly proven below the VLIs set in the NIRP 

[Ordinance on Protection against Non-Ionizing Radiation] for the cell phone frequencies 

currently in use" (see § 6.2.4 for complements). 
 
Finally, noting that "health effects can never be scientifically ruled out with absolute certainty," the 

working group described which potential effects require further research (e.g., effects of the 

"millimeter" waves specifically used by 5G, effect of signal modulation, electrohypersensitivity, 

further study of Schwann cell sensitivity to high-frequency nonionizing radiation). 
 

 

3.2.4 Conclusion 

 

Thus, the positions expressed by different countries or their health authorities all conclude, 

on the basis of current data, that there is no additional health risk with the introduction of 5G 

(with the exception of the European parliamentary document and the Commission's report 

prepared by the New Hampshire State House of Representatives). With regard to the 

European Parliamentary Paper, this document, which does not represent a collective 

expertise, was prepared by the European Parliament Research Service (EPRS)89 for the 

attention of Members and staff of the European Parliament as reference material to assist 

them in their parliamentary work. The contents of the document are the sole responsibility of 

the author and the opinions expressed therein do not reflect the official position of the 

Parliament. As for the report of the New Hampshire Parliamentary Committee, it was 

intended to provide arguments in favor of a revision of the FCC standards, and the 

Committee based itself on the positions expressed by the persons interviewed and did not 

conduct a critical analysis of the documents and references collected during the hearings. 

The positions expressed by certain states (Germany, Italy, United Kingdom) on the websites 

of their health authorities devote little space to health considerations. 
 
However, some countries, such as Germany and the Netherlands, recommend a cautious 

development of new frequency bands  
« millimetre band". Most countries issue recommendations for research, particularly on the 

biological effects of high frequencies in the band around 26 GHz, and for monitoring 

population exposure.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

89 https://www.europarl.europa.eu/at-your-service/fr/stay-informed/research-and-analysis. 
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4 5G exposure data  
 

 

4.1 Normative and regulatory framework 
 
 

In this section, we provide an overview of international regulatory limit values. 

 

4.1.1 Introduction  to Icnirp Guidelines 

 

The International Commission on Non-Ionizing Radiation Protection is an organization that 

publishes guidelines defining exposure limits based on scientifically established thresholds 

for health effects. These limits are defined in guidelines available on the Icnirp website 

(https://www.icnirp.org). 
 
As its name indicates, Icnirp's expertise is related to the effects of non-ionizing radiation covering 

the frequency range from 0 Hz to 3000 THz. These frequency ranges include static fields (0-1 

Hz), low frequency fields (up to 100 kHz), radio frequencies (100 kHz to 300 GHz), infrared (300 

GHz - 385 THz), the visible spectrum (385 to 790 THz) and ultraviolet (up to 3000 THz). By 

definition, non-ionizing radiation cannot ionize living matter. However, this does not exclude the 

possibility that other biological effects (deleterious or not) may occur, as the human body is a 

complex organism made up of many different types of tissues and molecules that may interact 

with electromagnetic fields. 
 
The frequencies allocated to mobile telephony are part of the radio frequency range 

(between 100 kHz90 and 300 GHz) which covers all radio type applications. The Icnirp has 

published two documents as guidelines for radio frequencies. The first was published in 1998 

(Icnirp, 1998) and serves as a reference for exposure limits in many countries. These 

guidelines were updated in 2020 (Icnirp, 2020). However, this recent version of the 

guidelines has not yet been transposed into national and international regulations. 
 
The limit values defined by the Icnirp are based on the thresholds at which deleterious effects 

are considered to be proven. In the radiofrequency range, from 100 kHz91 , the proven 

effects of exposure to the body are thermal. At these frequencies, the electromagnetic field 

produces, by Joule effect, a heating of the tissues through which it passes. Harmful effects 

can therefore occur above certain exposure thresholds. Thus, the objective of the exposure 

limits proposed by the Icnirp is to avoid a rise in the  

 

90 This lower limit is the convention chosen by the Icnirp among others. There are others, taking 
into account the possibility of transmitting telecommunication signals at frequencies lower than  

100 kHz. For example, radio frequencies can be defined as the range of frequencies from  
3 kHz to 300 GHz. The International Telecommunication Union sets the lower limit of radio frequencies 
at 8.3 kHz (see Anses reports 2009, 2013).  
91 Up to 10 MHz, Icnirp guidelines define limits to prevent non-thermal effects, such as induced currents in 
the body, from exceeding the recommended levels. Between  

100 kHz and 10 MHz, so non-thermal and thermal effects can coexist and limits for both types of 
effects should be respected. Cell phone frequencies are above 10 MHz, so only the limits for thermal 
effects apply. 
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body temperature of more than one degree Celsius in the case of whole body exposure, as 

well as a local increase in tissue temperature above 41°C when exposure is localized to a 

part of the body. 
 
Icnirp defines two types of limits: 
 
The basic restrictions are determined by the exposure thresholds at which adverse effects 

may occur, to which an additional safety factor is applied. At this level, the Icnirp 

distinguishes between public and worker exposure. Workers are defined as adults exposed 

under known conditions, informed of possible risks and able to take appropriate precautions. 

The public, on the other hand, includes individuals of all ages, in varying states of health, and 

may include groups of people with particular sensitivities. In any case, members of the public 

do not know a priori the levels to which they are exposed and do not necessarily take 

precautionary measures to minimize or avoid exposure. For this reason, the exposure limits 

are stricter for the public, the reduction factor chosen by the Icnirp being 50 for public 

exposure and 10 for worker exposure. We will limit ourselves to public exposure in the 

following.  
 

The basic restrictions, however, relate to physical quantities that are not always directly 

measurable, such as the specific absorption rate (SAR) expressed in watts per kilogram 

(W/kg) or, in the case of the 2020 recommendations, the power density absorbed by tissues 

expressed in watts per square meter (W/m2). In particular, SAR assessment generally 

requires the use of simulations based on biophysical models of exposed parts. 
 
Reference levels are based on directly measurable physical quantities, including the 

electromagnetic field, expressed in volts per meter (V/m). They are established in such a way as 

to ensure that compliance with the reference levels implies that the basic restrictions will not be 

exceeded. The converse is not true: exceeding the reference levels does not necessarily imply 

that the basic restrictions will not be exceeded, but it must be verified that the latter are not also 

exceeded, particularly if it is not possible to reduce exposure below the reference levels. 
 
The Icnirp guidelines define limits between 0 Hz and 300 GHz, which is also the lower limit of 

the infrared range. As this report is devoted to radio frequencies, the limit values will only be 

described in the following from 10 MHz, the frequency above which established non-thermal 

effects cannot occur. 

 

4.1.2 Icnirp guidelines published in 1998 

 

As mentioned above, the guidelines published by the Icnirp in 1998 are the basis for 

European legislation to limit public exposure, which is why they are discussed in this 

paragraph. The basic restrictions are listed in Table 5 below. SAR limits are 6-minute 

averages, with localized SARs to be assessed on 10 grams of tissue. Between 10 GHz and 

300 GHz, the power density should be evaluated over an area of 20 cm2 (over 1 cm2, the 

limit is multiplied by 20) and averaged over a frequency-dependent period of time according 

to the formula 68/f 1.05 where f is expressed in gigahertz (GHz). For example, at 26 GHz, the 

duration is 2 minutes 13 seconds). 
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Table 5: Reference levels as a function of frequency from 10 MHz 

 (Icnirp 1998 and European recommendation 1999/519/EC)   
       

  DAS DAS DAS Density of  
  

body power  

Population Frequencies head and 
trunk 

members  

integer incidental  

  
(W/kg) (W/kg)  

  
(W/kg) (W/m2)  

     

Workers From 10 MHz to 10 GHz 0,4 10 20 -  

From 10 GHz to 300 GHz - - - 50  

  

Public From 10 MHz to 10 GHz 0,08 2 4 -  

From 10 GHz to 300 GHz - - - 10  

   

 

 

The values of the reference levels depend on the frequency. They are shown in Table 6 

where f is the frequency expressed in megahertz (MHz). 
 

Table 6: Reference levels for workers and the general population 
 

Population Frequencies Field Induction Density of 

   electric E magnetic B power 
   (V/m) (µT) equivalent 
     in plane wave 
     S 
     (W/m²) 
      

 From 10 at 400 MHz 61 0,2 10 
      

Workers From 
400 

at 2000 MHz 
3 f 1/2 0,01 f 1/2 f / 40 

 From 2 to 300 GHz 137 0,45 50 
      

 From 10 at 400 MHz 28 0,092 2 
      

Public From 
400 

at 2000 MHz 1,375 f 1/2 0,0046 f 1/2 f / 200 

     

 From 2 to 300 GHz 61 0,20 10 
      

 

 

It should be remembered that the reference levels are frequency-dependent, not technology-

dependent: for example, the limit in the 2100 MHz band is the same for the three mobile 

telephony technical standards to which it is allocated, i.e., 3G, 4G and 5G, i.e., 61 V/m 

(averaged over 6 minutes), and therefore also applies to the latter technology. 
 
Conversely, there is no single limit for all frequency bands that can be used by 5G, nor is 

there a single limit for 2nd, 3rd and 4th generation mobile networks. Table 7 shows examples of 

frequencies used by different generations of mobile telephony in France and the associated 
reference levels. 
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Table 7: Reference levels for frequencies used in mobile telephony (Icnirp, 1998) and European 
recommendation (1999/519/EC) 

 
Frequency  Level of 

Technology reference 
(MHz) 

 
(V/m)   

   

700 4G, 5G 36,4 
   

800 4G 38,9 
   

900 2G, 3G 41,3 
   

1800 2G, 4G, 5G 58,3 
   

2100 3G, 4G, 5G 61 
   

2600 4G 61 
   

3600 5G 61 
   

26000 5G 61 
   

 

 

 

For compound fields or in cases of simultaneous exposures to several RF sources, the guidelines 

propose that the sum of the squares of the ratios of the calculated and measured physical 

quantities at the different frequencies to the corresponding basic restrictions (reference levels) 

should remain below 100%. In this form, the limit on radiation accumulation is the safest 

assumption. 

 

4.1.3 Icnirp guidelines published in 2020 

 

The latest version of the Icnirp recommendations makes a few changes. Without claiming to 

be exhaustive, the main ones are the following: 
 

only the average whole body SAR value is taken into account for whole body exposure of 6 

minutes or more. In addition, it is evaluated over a period of 30 minutes instead of 6 minutes. The 

value of the limit is unchanged but it also applies to frequencies between 10 GHz and 300 GHz; 

for localized exposure to a part of the body, the head and trunk SAR as well as the limb SAR 

remain the relevant quantities for assessing compliance with the basic restrictions at frequencies 

below 6 GHz (and no longer 10 GHz as in the 1998 recommendations)  At higher frequencies and 

up to 300 GHz, the relevant quantity is no longer the incident power density but the power density 

absorbed by the tissues (incident power density minus reflected power density). This must now 

be evaluated over an area of 4 cm2, with an additional constraint from 30 GHz: the power density 
 
absorbed locally must not exceed twice the limit over an area of 1 cm2 ; reference levels 
have been defined when exposure is localized;  
Basic restrictions and reference levels have been defined for exposures of less than 6 

minutes duration. In this case, the limits depend on the duration of the exposure. 
 
These limits are shown in Table 8 to Table 12 where t is the duration in seconds and f is the 

frequency in megahertz (MHz). 
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Table 8: Basic restrictions (average values over 6 minutes) as a function of frequency from 10 
MHz (Icnirp, 2020) 

 

     Density of 

  DAS DAS DAS power 
Population Frequencies whole body head and 

trunk 
members absorbed 

  (W/kg) (W/kg) (W/kg) locally 
     (W/m2) 

Workers From 10 MHz to 6 GHz 0,4 10 20 - 

From 6 GHz to 300 GHz 0,4 - - 100 
 

Public From 10 MHz to 6 GHz 0,08 2 4 - 

From 6 GHz to 300 GHz 0,08 - - 20 
  

 

 

Table 9: Basic restrictions for exposure of less than 6 minutes as a function of frequency from 
10 MHz (Icnirp, 2020) 

 

  Absorption Absorption Energy density 

Population Frequencies specific specific absorbed 
head and trunk members locally   

 
 (kJ/kg) (kJ/kg) (kJ/m2) 

 From 10 to 400 
MHz 

- - - 

 From 0.4 to 6 GHz 3,6[0,05+0,95(t/3 7,2[0,025+0,975(t/3 - 

Workers 60)0,5] 60)0,5] 
  

 From 6 to 300 GHz - - 36[0,05+0,95(t/360 
 

)0,5]     

 From 10 to 400 
MHz 

- - - 

 From 0.4 to 6 GHz 0,72[0,05+0,95(t/ 1,44[0,025+0,975(t/ - 

Public 360)0,5] 360)0,5] 
  

 From 6 to 300 GHz - - 7,2[0,05+0,95(t/36 
 

0)0,5]     

 

 

Table 10: Whole body exposure reference levels (30-minute average) 
frequency-dependent from 10 MHz (Icnirp 2020) 

 
Population Frequencies Field Field Density of 

   electric E magnetic power 
   (V/m) (A/m) incidental 
     (W/m²) 
     

 From 10 to 30 MHz 660/f 0,7 4,9/f - 

Workers From 30 at 400 MHz 61 0,16 10 
     

From 
400 

at 2000 MHz 3 f 0,5 0,008 f 0,5 f / 40 
 

 From 2 to 300 GHz - - 50 
     

 From 10 to 30 MHz 300/f 0,7 2,2/f - 

Public From 30 at 400 MHz 27,7 0,073 2 
     

From 
400 

at 2000 MHz 1,375 f 0,5 0,0037 f 0,5 f / 200 
 

 From 2 to 300 GHz - - 10 
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Table 11: Reference levels for localized exposure (6-minute average) 

 as a function of frequency from 10 MHz (Icnirp, 2020)   
       

Population Frequencies Field Field  Density of  
  electric E magnetic  power  

  (V/m) (A/m)  incidental  

     (W/m²)  
       

 From 10 to 30 MHz 1504/f 0,7 10,8/f  -  

 From 30 to 400 MHz 139 0,36  50  
       

Workers From 400 to 2000 
MHz 

10,58 f 0,43 0,008 f 0,43 
 

0,29 f 0,86 
 

From 2 to 6 GHz - - 
 

200 
 

   
       

 From 6 to 300 GHz - -  934/f 0,177 
 

 300 GHz - -  100  
       

 From 10 to 30 MHz 671/f 0,7 4,9/f  -  

 From 30 to 400 MHz 62 0,163  10  
       

Public From 400 to 2000 
MHz 

4,72 f 0,43 0,0123 f 0,43 
 

0,058 f 0,86 
 

From 2 to 6 GHz - - 
 

40 
 

   
       

 From 6 to 300 GHz - -  186,8/f 0,177 
 

 300 GHz - -  20  
       
 

 

 
Table 12: Reference levels for localized exposure of less than 6 minutes as a function of frequency from 

10 MHz (Icnirp, 2020) 
 

Population Frequencies Incidental energy density 

   (kJ/m²) 
    

 From 10 at 400 MHz - 
    

 From 
400 

at 2000 MHz 0.29 f 0.86 × 0.36[0.05+0.95(t/360)0.5] 

Workers From 2 to 6 GHz 200 × 0,36[0,05+0,95(t/360)0,5] 

 From 6 to 300 GHz 934/f 0.177 × 0.36[0.05+0.95(t/360)0.5] 

 300 GHz 100 × 0,36[0,05+0,95(t/360)0,5] 

 From 10 at 400 MHz - 
    

 From 
400 

at 2000 MHz 0.058 f 0.86 × 0.36[0.05+0.95(t/360)0.5] 

Public From 2 to 6 GHz 40 × 0,36[0,05+0,95(t/360)0,5] 

 From 6 to 300 GHz 186.8/f 0.177 × 0.36[0.05+0.95(t/360)0.5] 

 300 GHz 20 × 0,36[0,05+0,95(t/360)0,5] 

 

 

In the European Union 
 
Directive 2013/35/EU concerns exposure in the workplace and had to be transposed in the 

Member States by July 1, 2016. The limits adopted are based on those of Icnirp 1998, with 

the basic restrictions being called "exposure limit values" or ELVs and the reference levels 

being called "action values" (AV). As in the Icnirp 1998 guidelines, the limit values for the 

public (Recommendation 1999/519/EC and national and regional regulations) are lower than 

those for workplace exposure. 
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The Council of the European Union has also adopted the limit values, basic restrictions and 

reference levels of the Icnirp guidelines published in 1998 in Recommendation 

1999/519/EC92 to limit public exposure (see Table 5 and Table 6).  
 
In addition, the RED93 directive (Radio Equipment Directive) defines the conditions for 

placing radio equipment on the market (including cell phones), which must meet essential 
standards relating in particular to the protection of human health. 
 
In Europe, several countries, including France, have adopted the reference levels of 

Recommendation 1999/519/EC as limits for public exposure to mobile telephony. For other 

countries of the Union (namely Austria, Denmark, Latvia, the Netherlands and Sweden), 

these limits are not binding. 
 
Recommendation 1999/519/EC allows Member States to set stricter limits. Some countries 

and regions in Europe have set limits below the reference levels for exposure from cell phone 

masts. 
 
Belgium 
 
In Belgium, each of the three regions has defined its own limit for public exposure to 

electromagnetic fields generated by transmitting antennas. 
 
The Brussels-Capital Region sets a limit94 on the cumulative radiation between 100 kHz and 

300 GHz from all antennas present on a site. The standard stipulates that in places 

accessible to the public, the power density may at no time exceed the limit value of 0.096 

W/m2 (equivalent to 6 V/m in the far field) for a reference frequency of 900 MHz, which 

means that the limit values are obtained from the 1998 Icnirp reference levels with an 

additional safety factor of 46. The limit is therefore equal to 0.043 W/m2 between 100 kHz 

and 400 MHz, equal to f / 9375 between 400 MHz and 2 GHz, f being expressed in MHz and 

0.22 W/m2 (or, for information, 9.1 V/m) between 2 and 300 GHz, a range that includes the 

5G 3.4-3.8 GHz frequency band. 
 
In the Flemish Region, two limits are applied95 : one is the cumulative exposure generated 

by the different transmitters present (one quarter of the Icnirp 1998 reference levels), the 

second, lower limit is applied to each individually counted antenna (3 V/m at 900 MHz, i.e. a 

ratio of 196 with respect to the Icnirp) in the residential areas. These are shown in Table 13.  
 
 
 
 

92 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). Official Journal of the European 
Communities - 30.7.1999.  

93 Directive 2014/53/EU of the European Parliament and of 16 April 2014 on the harmonization of 
the laws of the Member States relating to the making available on the market of radio equipment and 
repealing Directive 1999/5/EC.  

94 Ordinance of the Brussels-Capital Region of March 1, 2007 on the protection of the 
environment against the possible harmful effects and nuisances caused by non-ionizing radiation 
(M.B. of 14.03.07).  

95 Decree of the Flemish Government of November 19, 2010 amending the decree of the 
Flemish Government of June 1, 1995 laying down general and sectoral provisions on environmental 
health, with regard to the standards for fixed and temporary transmitting antennas for electromagnetic 
waves between 10 MHz and 10 GHz (M.B. 13.01.2011). 
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Table 13: Reference levels for localized exposure (6-minute average)   

frequency-dependent from 10 MHz (Flemish authority, 2011) 
 

Frequencies Limit Limit per antenna 

  on (V/m) 
  accumulation  

  (V/m)  
    

From 10 at 400 MHz 13,7 2 
    

From 
400 

at 2000 MHz 0,686 f 1/2 0,1 f 1/2 

From 2 at 10 GHz 30,7 4,48 
    

 

 

In Wallonia, the decree of April 3, 200996 sets a limit of 3 V/m per antenna in living areas. 

The standard also requires that the contributions of transmitters in different frequency bands 

of the same network (GSM, UMTS, LTE) in a geographical area be cumulated97. 
 
Bulgaria 
 
As in Wallonia, the limit is unique in the frequency range where it applies.  
It is 0.01 W/m2. 
 
Croatia 
 
The limit values are contained in the Ordinance on Protection against Electromagnetic Fields 

(ordinance of the Ministry of Health). The prescribed limit values are based on those of 

Recommendation 1999/519/EC: 
 
90% of the power density (95% of the electromagnetic field in V/m) in public places; 
 

in "sensitive areas" (homes, offices, schools, playgrounds, kindergartens, maternity wards, 

hospitals, homes for the elderly and disabled, and tourist accommodations): 40% of the field 

strength reference levels 
 
and magnetic field and 16% for the power density. 
 
Grand Duchy of Luxembourg 
 
The grand-ducal regulation98 stipulates that "the operator must install his antennas in such a 

way as to guarantee a maximum electric field strength of 3 V/m per radiating element in any 
place where people may be present. »  
 
 
 
 
 

 

96 Decree of 3 April 2009 on the protection against possible harmful effects and nuisances 
caused by non-ionizing radiation generated by stationary transmitting antennas (M.B. 06.05.2009)  

97 As stated in Article 4 of the decree, "so-called multi-band antennas designed to radiate the 
signals of N networks simultaneously are considered equivalent to N separate antennas. "When 
multiple antennas installed on the same support are used to radiate the signals of the same network in 
a geographic area, they are considered to form a single antenna. »  

98 Operating conditions for high frequency electromagnetic wave transmitters.  

Standard safety requirements. Inspection du Travail et des Mines, ITM-SST 1105.1 (formerly ITM-CL 
179). 
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Greece 
 
In Greece, the public exposure limits in the vicinity of base stations99 are equal in all cases 

to 70% of the basic restrictions and reference levels of Recommendation 1999/519/EC and 

to 60% of these values for base stations located within 300 meters of the perimeter of 

schools, kindergartens, hospitals and care facilities for the elderly.  
 

Italy 
 
Italy applies the basic restrictions and reference levels of Recommendation 1999/519/EC 

when the sources are not fixed telecommunication systems including radio and television 

broadcasting. For these systems, the limit is 20 V/m and 1 W/m2 between 3 MHz and 3 GHz. 
 
In addition, an "attention value" applies in homes, schools, playgrounds and places where 

people may stay for more than four hours, the "attention value" for the electric field strength 

is 6 V/m at 900 MHz and 0.1 W/m2. The "quality objective" for heavily used outdoor areas is 

identical to the attention value. 
 
Lithuania 
 
À In and around residential and public buildings, the power density shall not exceed 10% of 

the reference level of Recommendation 1999/519/EC at 900 MHz. 
 
Poland 
 
In places accessible to the public, the electromagnetic field strength and power density may 

not exceed 17% and 2% respectively of the reference level of Recommendation 

1999/519/EC at 900 MHz. 
 
Slovenia 
 
For frequencies above 10 kHz and in "sensitive areas" such as homes, schools and 

hospitals, the exposure limits for the electric and magnetic fields are 31% of the reference 

levels of Recommendation 1999/519/EC, which corresponds to 10% for power density. In all 

other locations, the reference levels of this recommendation are used. 
 
Outside the European Union 
 
Australia 
 
The basic restrictions and reference levels are identical to those of Recommendation 

1999/519/EC. 
 
China 
 
The national standard GB 8702-2014 defines different limits than the Icnirp guidelines. In 

addition, according to the environmental standard HJ/T 10.3-1996, for each site, a safety factor 

equal to √5 is applied for new antenna installations. 
 
The Environmental Protection Act sets exposure limits for the general population that do not 

apply to wireless communication terminal equipment. The  
 
99 Law No. 4070, Act. No. 82/A/10.04.2012: Regulations on electronic communications, transport, 
public works and other provisions 
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limits are below the reference levels of Recommendation 1999/519/EC, but the percentage 

varies with frequency. At 900 MHz, for example, the limits for electric field strength and 

power density are 29% and 9% of the reference level in the recommendation respectively. 

The standard also cites the precautionary principle and encourages owners of facilities and 

equipment to take effective measures to reduce public exposure.  
 

For cell phones, a separate standard defines a limit that is identical to the basic restrictions of 

Recommendation 1999/519/EC. 
 
United States 
 
The federal legislation applies the basic restriction of Recommendation 1999/519/EC but 

higher reference levels (+15% for the electric field, +14% for the magnetic field and +33% for 

the power density at 900 MHz), because a different calculation model is used to obtain them. 

The reference levels are used as limits for exposure to non-portable equipment. 
 
For portable near-body devices, the limits are the same as the basic restriction of this 

guideline for exposure of the extremities (hands, wrists, ankles, feet, external ears) and 80% 

of the basic restrictions for the head and trunk. 
 
India 
 
The SAR limit for local head exposure from cell phones is 80% of the corresponding basic 

restriction. 
 
The limit for public exposure from base stations is 33% of the reference levels of 

Recommendation 1999/519/EC for electric and magnetic field strength and 10% for power 

density. 
 
Japan 
 
The limits for exposure from base stations are almost identical to the reference levels in 

Recommendation 1999/519/EC. The SAR limit for exposure from cell phones is the basic 

restriction of the recommendation. 
 
Russia 
 
The exposure limit for power density for frequencies between 300 MHz and 300 GHz in and 

around residential buildings and in public and industrial premises is 2% of the reference level 

of Recommendation 1999/519/EC. The stated objective is to avoid biological effects that are 

generally not considered to be a health risk in Western countries. 
 
The limit for exposure to cell phones is not related to SAR but also to power density and is 

equal to 22% of the reference level of the said recommendation. 
 
Switzerland 
 
In Switzerland, an ordinance100 regulates "the limitation of emissions of electric and 

magnetic fields generated by stationary installations in the frequency range from 0 Hz to 300 
GHz (radiation)". The limit value applies to installations  
 

 

100 Ordinance on protection against non-ionizing radiation. NIO, 814.710, 23 December 1999 
(Status as of 1 June 2019) 
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transmitters of cellular mobile telephone networks and transmitting installations for wireless 

telephone connections with an equivalent radiated power (ERP, equal to 1.64 times the 

equivalent isotropic radiated power) greater than 6 W (or with an ERP less than or equal to 6 

W but located within 5 meters of other antennas such that the total ERP of these transmitters 

is greater than 6 W). The ordinance defines the limit on the rms value of the electric field 

strength as follows:  
 

« a. 4.0 V/m for installations transmitting exclusively in the frequency range around 900 MHz 

or in lower frequency ranges; 
 
« b. 6.0 V/m for installations transmitting exclusively in the frequency range around 1 800 

MHz or in higher frequency ranges; 
 

« c. 5.0 V/m for all other facilities. » 
 
The limit must be respected in sensitive areas (apartments, schools, workplaces ... where 

people may stay for extended periods of time) when the maximum power is emitted. 
 
In Switzerland, the exposure limits depend on the frequency, the strictest limit being 4 V/m in 

the 700 MHz band. In the 3.4-3.8 GHz band, it is 5 V/m. 

 

4.1.4 Comparison of exposure limit values 

 

As a reminder, the limits established by Icnirp and other non-European organizations such as 

the Institute of Electrical and Electronics Engineers (IEEE) are based on the proven effects of 

electromagnetic fields. Icnirp, in particular, and the resulting Recommendation 1999/519/EC, 

however, point out that Member States may adopt lower limits. 
 
The choice of a safety factor additional to the basic restrictions or reference levels, or even of 

a single limit significantly lower than the reference levels, results from the application of a 

precautionary principle or from the desire to reduce exposure or at least to guarantee that it 

will not exceed a certain level defined by the regulatory limit in the places concerned. 
 
While the use of low limits helps to limit exposure from conventional transmitting antennas 

(which do not use massive MIMO or beamforming101 ) to levels below the chosen limit 

values, it can be seen that the average exposure levels in publicly accessible locations such 

as streets, parks or public buildings are of the same order of magnitude as in countries where 

the limits are those of Recommendation 1999/519/EC102 . This is mainly due to the 

directionality of the transmitting antennas and the fact that the radiated powers of the base 

stations are comparable in the different countries for the same technology. 
 
Even though exposure limit values can be expressed as percentages of a common reference 

value (e.g. the reference levels of Recommendation 1999/519/EC at 900 MHz, as above), 

even when the reduction factor varies with frequency, comparing exposure limits from 

different countries or regions  
 

101 See paragraph 4.2.  
102 See in this regard and despite the existence of atypical points, the results of measurements ordered by 
the ANFR and the values measured by the ISSeP during controls carried out in Wallonia or in the Grand Duchy of 
Luxembourg. 
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and in doing so, determining which are the most stringent can be complex. For example, the 

locations where the limits apply may be different: places accessible to the public or only 

places where people may stay; the limit may cover all the transmitters present or a part of 

them. In addition, the calculation and measurement methods, as well as the legal 

requirements for carrying out the controls (either at specific points or all around the emitters) 

may vary. Other factors have to be considered as well, such as possible minimum powers at 

the entrance of the antennas under which the limits do not apply.  

 

4.1.5 The application and evolution of limit values in the context of 5G deployment  

 

As noted earlier, exposure limits for electric field, magnetic field and power density are 

generally frequency dependent even when they apply only to certain radio frequency sources 

such as telecommunication systems, including cell phone base stations. 
 
The reference levels of Recommendation 1999/519/EC correspond to a 6-minute average 

value up to 10 GHz. On-site measurements can be performed in two ways: 
 
a campaign of one-off or continuous measurements in accessible locations, including on the 

road, in order to estimate the average exposure of the population. The average levels 

measured in the vicinity of a 5G antenna depend in particular on the size of the downloaded 

files, the duration of transmission during transfer increasing when the size of the data 

increases at constant rate; 
 
boundary control measures which in many cases consider the maximalist assumption that 

the antennas transmit at full power continuously. 
 
These two types of in-situ measurements can lead to very different results, because the ratio 

between maximum and average exposure levels is larger than for 4G. As a result, the 

measurement of maximum exposure levels leads to a clear overestimation of the actual 

average exposure of 5G antenna users in the 3.4 - 3.8 GHz band and probably in the 

"millimeter wave" range. This observation raises the difficulty for some countries and regions 

of the world to enforce exposure limits that are significantly lower than those of 

Recommendation 1999/519/EC as it stands. 
 
In addition, when the antennas discussed above use massive MIMO and beamforming 

techniques, this results in more localized exposure and radiation from the relay antenna 

directed towards the user generating traffic, which is a different exposure pattern than 

antennas used by previous generations of cell phones (and by 5G in the 700 to 2100 MHz 

bands) where the direction of the antenna radiation is fixed. In this case, the exposure is less 

localized. 
 
These innovations have motivated the development of measurement methods specific to smart 

antennas, including how to deduce maximum exposure levels from available or acquired field 

data. These measurement methods are included in the document, which describes two 

conservative approaches, one deterministic and the other statistical. The choice of one or the 

other method may be dictated, depending on the country and the region, by possible legal 

requirements of limit values 
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exposure limits and their enforcement, but in both cases the operator must show that the limit 

is never exceeded. 
 
It is up to EU member states as well as other countries outside the EU to determine to what 

extent the limits need to be reviewed or the legal requirements for the application of the 

standard need to be changed in anticipation of 5G deployment.  

 

4.2 Technological developments leading to 5G in the sub-6 GHz 

frequency band  
 

4.2.1 Review of  the main characteristics of the 4G signal and its successive 
versions 

 

To improve the performance of the links between a base station (hereinafter called  
« BS", for "base station") and user terminals (then called "UE", for "user equipment"), 4G 

technology has been successively amended, leading to the following names: "Long Term 

Evolution", "LTE-Advanced", and finally "LTE-Advanced Pro", which prefigures 5G. As the 

objective of this report is focused on human exposure, the most recent characteristics of the 

transmission-reception techniques that can have an impact on exposure modalities will be 

briefly summarized, while retaining the generic term 4G to simplify the presentation. 
 
All the specifications related to these various technologies are described in detail in 

successive versions of the documents, freely available on the Web, produced by the  

« 3rd Generation Partnership Project" (3GPP)103 . This organization brings together 7 

organizations involved in the development of telecommunication standards and is supported 

by numerous technical groups. 
 
In this section, only the modulation and coding of the radio channel will be briefly presented 

because, on the one hand, they play an important role on the level and spatial distribution of 

the field strength radiated by the antennas, and thus on the exposure, and on the other hand, 

many of their characteristics are common to those of 5G. 
 
OFDM (Orthogonal Frequency Division Multiplexing) modulation has been chosen for 4G, 

given its great flexibility in terms of parameterization and which allows to adapt to the 

characteristics of the propagation channel and to optimize the link rate to each UE. This 

modulation has been widely published and used over the last 15 years. A complete 

presentation is given by Ergen (Ergen 2009). 
 
The available bandwidth, between 1.25 and 20 MHz, is divided into a multitude of sub-bands 

called sub-carriers. From a conceptual point of view, each data symbol, associated with a certain 

number of bits, modulates in amplitude and phase a different sub-carrier, which amounts to 

transmitting in parallel, and therefore simultaneously, a large number of symbols, the whole of 

which forms the "OFDM symbol" (Ergen 2009). For 4G, the frequency spacing between each 

subcarrier is fixed at 15 kHz. This modulation would therefore require a very large number of 

sources generating these subcarriers, which is impossible to implement in practice. It is therefore 

achieved through an inverse Fourier transform. This leads to a signal whose components have a 
 
 
 

103 https://www.3gpp.org/ 
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The signal has a temporal aspect similar to that of "noise", and therefore presents random 

and substantial variations over time, in terms of amplitude, phase and instantaneous 

frequency. An example from the recording of such a signal is given in Figure 11. 
 

 
 
 
 

 
 

 

TOFDM 
 

Figure 11: Example of the time profile of an OFDM symbol of TOFDM duration: amplitude 
(arbitrary scale) versus time. 

 

 

The total signal will thus be formed by a temporal sequence of OFDM symbols with an overall 

appearance similar to that of Figure 11. This signal is then transposed around the central 

transmission frequency (1.8 GHz or other) and its power is thus distributed in the band allocated 

to the BS. To ensure a duplex link between the BS and each UE, thus allowing the information to 

be transported in both directions, 4G uses a frequency division technique in France and in the 

rest of the European Union, known as "Frequency Division Duplex" (FDD). This consists of 

separating the available frequency spectrum into two parts: one assigned to so-called "downlink" 

links, from the BS to the EU, and the other to links 
 
« This approach allows the duplexing to be done simultaneously. With this approach, 

duplexing can be done simultaneously. 
 
The most significant evolution during the development of 4G was the introduction of the MIMO 

(Multiple Input Multiple Output) technique. To show its interest, let's first consider the simple case 

of a link between the BS and a single UE. If, on the one hand, the BS has an antenna array and, 

on the other hand, the UE has at least 2 antennas, the MIMO processing allows to realize parallel 

channels on which different information can be transmitted. This "spatial" diversity thus allows 

multiplexing (resource allocation) and thus an increase in throughput. However, it should be 

noted that its performance depends on the characteristics of the propagation channel, i.e. the 

environment between the BS and the UE and the number of antennas in the network. This 

concept can be generalized to the case of a number of users distributed in the coverage area of 

the BS. For an FDD link, the knowledge of the channel characteristics by the terminals is complex 

since the uplink and downlink frequencies are different. Other signal processing approaches have 

therefore been developed but have often retained the name 
 
« MIMO". To improve the quality of the reception, for example, it is possible to increase the 

power received by the UE at constant transmission power, thus in a way to  
« This is especially true in the case where the BS and the UE are not in line of sight. In a first 

phase of development, the antennas forming the MIMO network were located at a single BS, 

thus co-located. This concept can be generalized by considering not a single BS but a set of 

BS that communicate with each other through a high speed communication network 

supporting data exchanges. We thus realize a network which is no longer co-localized on a 

BS, but whose antennas are "distributed" between the BS, and thus of larger size. This leads 

to  
to a so-called "virtual" network. This method is known as the "Coordinated MultiPoint" or 

"Distributed MIMO" technique, with many variations. 
 
 
 

 

Public consultation version page 82 / 241 March 
2021



Anses ● Collective expertise report Referral n° 2019-SA-0006 "5G"  

 

It is these various signal and radio link coding approaches, developed and implemented for 

4G, that were then transposed to 5G. The following paragraph will therefore only focus on the 

important differences between 4G and 5G.  

 

4.2.2 Introduction  to 5G 

 

A very general presentation of 5G is given in an ANFR document104 (ANFR, 2019a). 

Compared to 4G, the information processing software has been modified in order to, among 

other things, decrease latency and data processing time, thus leading to an increase in 

throughput. The modulation chosen is OFDM, identical to that of 4G. In addition to the 

frequencies already used by 2G, 3G and 4G mobile technologies, which 5G can reuse, a 

new specific frequency band has been allocated to 5G, centered around 3.5 GHz, with a 

maximum bandwidth of 100 MHz. For this frequency range, duplexing is provided by Time 

Division Duplex (TDD) mode, with the same frequency band used alternately in time for the 

downlink and the uplink. This TDD mode of operation and the FDD mode for 4G are 

illustrated in Figure 12.  

 

 
 

 
Figure 12: Operating principle of the FDD and TDD duplexing technique 

 

 

The main difference between 5G and previous generations having an impact on human 

exposure, is essentially related to the use, at the BS level, of a large antenna array able to 

ensure a focus of energy towards the user, and this thanks to the techniques called "massive 

MIMO" and noted hereafter  
« mMIMO". As noted earlier, MIMO was already in the 4G specification, but with a smaller 

number of antennas, hence the current name of "massive" for a network with a large number 

of radiating elements, 64 or 128 for example. 
 
Figure 13 shows, in a very schematic way, the difference between 4G and 5G on the 

coverage technique of an area from the BS.  
 
 
 
 
 
 
 
 

 
104 

ANFR, 2019a. Assessment of public exposure to 5G electromagnetic waves. Component 1: 
general presentation of 5G. ANFR report available online. 
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Figure 13: Coverage of an area from the base station in 4G and 5G. 

 

4.2.3  5G deployment methods 

 

4.2.3.1 Reuse of 4G infrastructure by 5G 
 
In a preliminary stage of 5G implementation, a solution called "refarming" consists of  
à use existing 4G BS to enable faster and less expensive development. The associated 

frequencies, therefore between 700 and 2100 MHz, are reallocated  
à transmission between UEs and this BS, but following the 5G communication protocol. The 

4G spectrum can either be fully dedicated to 5G or dynamically shared between 4G and 5G 

traffic. The latter technology, known as "dynamic spectrum sharing" (DSS), allows, among 

other things, to increase the link's capacity. As 4G links use FDD duplexing, 5G links in this 

refarming configuration will also use FDD duplexing to avoid synchronization problems 

between BS. From a performance point of view, this solution is obviously much worse than 

the one associated with full 5G deployment. We can therefore expect the exposure to a BS 

following 4G/5G refarming to be of the same order of magnitude as that of 4G BS, with 

identical antenna gain and transmitted power, the frequencies being the same, but this point 

will have to be verified during the 5G deployment. 

 

4.2.3.2 5G "standalone" versus "non-standalone 

 
The implementation of 5G, called "standalone" (SA), consists in deploying the base stations 

and the network following all the required specifications, the dedicated frequency band being 

around 3.5 GHz. A first step for the implementation of the network, called "non-standalone" 

(NSA), is to send data between the UE and the antennas of a 5G BS following this 5G 

protocol, thus at 3.5 GHz. However, this 5G BS is not connected to a 5G "core", which would 

be developed in a later stage, but to the existing 4G "core". As a result, all control signals and 

possibly additional data pass through a 4G BS as shown in Figure 14 (a). However, it should 

be noted that other architectures are possible. Figure 14 (b) corresponds to the SA case, with 

the mobile connected to the entire 5G network or possibly to the 4G network, in the absence, 

for example, of an available 5G network in the mobile area. 
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Figure 14: Difference in architecture between NSA and SA 
 

 

The NSA approach obviously has the advantage of faster and less expensive deployment, 

the trade-off being slightly lower performance than 5G SA, especially in terms of throughput 

and latency. 

 

4.2.4 Beams  generated by the 5G base station and time allocation of the 
transmit-receive links 

 

4.2.4.1 Beams generated by the BS 
 
We distinguish 2 successive phases during the establishment of a link between BS and UE: 

i) the "signaling" and ii) the "traffic" i.e. the data exchanges. 
 
In the first phase, called signaling, the 5G antenna scans its environment to identify the users 

to be served. The geographical area dedicated to the BS will be covered by up to 8 

successive beams with a periodicity typically equal to 20 ms. Each beam sent successively 

by the BS in a given direction carries a signal characteristic of it, as well as synchronization 

and control signals, noted SB. All of these signals (SSB - Synchronization Signal Block) are 

sent in a time interval of 5 ms maximum as shown in Figure 15. Each UE informs the SB of 

the beam for which the received power is the most important. In a clear environment and in 

case of line of sight between the BS and the UE, the beam chosen will obviously correspond 

to the one directed towards the UE. 
 
 
 

 
 
 
 
 
 
 
 

 

Figure 15: Example of the temporal distribution of synchronization signals 
 

« L" successive synchronization signals, SB#0 to SB#L, over a time interval of 5 ms, each of these 
signals being associated with a beam of given direction (right part of the Figure)105.  
 
 
 

105 http://www.techplayon.com/5g-nr-cell-search-and-synchronization-acquiring-system-information/. 
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In a second phase, the "traffic" signals are exchanged between BS and UE. The telecom 

operator has a large freedom of choice for the downlink transmission mode. He will be able 

to use the signal processing he considers the most adequate and different antenna radiation 

patterns leading to a more or less important focusing of the signal, thus to a possible 

increase of the power received by the UE. To give an order of magnitude, the powers 

received in the "signaling" phase and in the "traffic" phase, which plays the greatest role for 

exposure, could, for example, differ by 5 to 15 dB.   
À As a guide (Franci, 2020a), the various types of beams to establish the downlink in the 

traffic phase are as follows: 
 
a set of fixed beams, having a predetermined angular coverage and direction, as in the initial 

signaling step, the link being established in the lobe maximizing the power received by the 

UE ; 
 
a beam whose orientation is variable, so that the maximum power is directed towards the 

UE, this technique is often called "beam steering";  
beams generated by "adaptive" antennas that allow, for example, to ensure the best 

compromise between maximizing the power sent to the UE and minimizing the interference 

with other UEs;  
the application of MIMO technology with adequate data pre-coding. Thanks to an appropriate 

signal processing, this MIMO technique, as we have already explained, means the realization 

of independent channels on which different information can be transmitted during the same 

time interval, thus increasing the channel capacity. 
 
The choice between these various techniques, some of which can coexist, depends on many 

factors such as the density of users, the characteristics of the environment, the quantities of 

information to be transmitted, etc. Various temporal recordings of the transmitted signals 

illustrate Franci's article. 

 

4.2.4.2 Time assignment of transmitted information blocks 
 
Questions are sometimes raised about the evolution of the pace or shape of signals, from GSM to 

5G, and in particular about its transient or non-transient aspects, which may play a role from a 

health perspective. To illustrate these notions, we will focus on 4 examples: GSM (2G), 4G, 5G 

with "refarming" on 4G, and 5G at 3.5 GHz. 

 

4.2.4.2.1  GSM mode 
 
In GSM (Global System for Mobile, 2G technology), and in the initial phase of implementation 

of 2G networks around a central frequency of 900 MHz, 2 frequency bands, each with a 

width of 25 MHz, are assigned respectively to the uplink and downlink, the duplexing being in 

FDD. 
 
Each band is divided into 124 sub-bands, corresponding to 124 possible transmission 

channels, each of which is about 200 kHz wide. 
 
As shown in Figure 16, the time is divided, for each channel, into successive packets of 8 

slots, each of which is assigned to a user. 
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Figure 16: Allocation of the different channels and shares in the time domain 
 

 

Let us consider for example channel 1 which will be used as a base to communicate with 8 

UEs. In downlink, the BS transmits successively the data for UE1, then for UE2, until UE8, 

and then restarts the transmissions with the same periodicity. As shown in Figure 17, the BS 

illuminates in GSM the whole cell to be covered. The UE1 will thus receive the message 

(modulated signal) which is intended for it but also, progressively of time, the messages 

intended for the other UE. From a telecommunication point of view, UE1 will only retain its 

own. On the other hand, as regards exposure, the UE1 (like the other UE) will be subjected 

to a practically "continuous" signal, formed of a succession of modulated signals. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 17: Sending data from the BS (Downlink) 
 

 

In uplink, the configuration is different since the 8 UEs must transmit in the same channel. To 

avoid message collisions, the UEs will transmit their data successively (see Figure 18). 
 
 
 
 
 
 
 
 
 
 
 

Figure 18: Sending data from the UE1 mobile 
 

 

For GSM, all frame structures are perfectly defined. Each UE, thus UE1 in particular, will 

send successive "modulated data packets", each having a duration of 577 µs and with a 

periodicity of 4.61 ms, corresponding to a frequency 
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of 217 Hz. The total duration of these "intermittent" transmissions obviously depends on the 

amount of information to be transmitted. 

 

4.2.4.2.2  4G Mode  (FDD) 
 
The principle of time allocation of the different links is different from that of GSM, with a much 

greater flexibility of implementation, thanks, among other things, to a large frequency band 

available and especially to OFDM modulation. If we consider the uplink (knowing that the 

same approach applies to the downlink), the total frequency band and time slots are divided 

into a number of "resource blocks" (RB). The size of an RB in the frequency domain is 12 

subcarriers of 15 kHz, i.e. 180 kHz, and 0.5 ms in the time domain, corresponding to the 

duration of 7 successive OFDM symbols.   
A certain number of RBs in this time-frequency space will be assigned to each UE, but it is 

the management process at the BS level that decides this assignment over time. An 

extremely simplified example, given the small number of RBs drawn, is given in Figure 19. 
 
 
 
 
 
 
 
 
 
 
 
 

 

(a) (b) 
 

Figure 19: Illustration of RBs assignment to 3 users 
 

an RB is represented by an elementary square 
 

 

In Figure 19 (a), the 3 UEs transmit in the same frequency band but at different times, while 

in Figure 19 (b), the time-frequency distribution chosen by the BS is totally different. To give 

a brief explanation, if the propagation channel for UE1 becomes better for "high" frequencies 

in this drawing, the BS will assign RBs in this band to it (Figure 19 (b)). If, in another case, 

the data stream of UE1 is large and needs to be transmitted quickly, the BS will assign it a 

large frequency band, thus many blocks along the vertical axis, but possibly over a shorter 

time (Figure 19 (a)). With this approach, we notice that the notion of data packets sent 

intermittently but with a perfectly defined periodicity as in GSM, no longer applies. Within 

each RB, the waveform is the one shown in Figure 11, transposed around the carrier 

frequency. It should also be noted that in these FDD links, there is no longer a predefined 

time interval in which a transmission or reception must take place, since the uplinks and 

downlinks are simultaneous. 
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4.2.4.2.3 5G mode but with reuse of existing 4G infrastructure, known as 

"refarming  
 

One of the main parameters of OFDM is the bandwidth of each subcarrier. For 4G, it has 

been set to 15 kHz. In 5G, for frequencies below 6 GHz, this value can be chosen equal to 

15, 30 or 60 kHz. This results in various possible sizes of RBs in the time-frequency space, 

but the general concept described for 4G remains the same. In "refarming", the duplex mode 

being FDD as in 4G, the previous conclusion on "data packets" remains valid.  
 

4.2.4.2.4  5G mode  at 3.5 GHz (NSA or SA). 
 
In this mode of operation of 5G, the duplex is done in TDD. It is therefore necessary to divide 

the time into different intervals, called "slots", reserved either for uplinks, noted U (for 

"Uplink"), or for downlinks, noted D (for  
« Downlink"). The duration of a slot is identical to that of an RB. For 4G, as previously 

mentioned, this duration is fixed, equal to 500 µs. However, for 5G, it can be chosen between 

these different values: 1 ms, 500 µs, 250 µs, or even 125 µs. During a frame, a series of D 

and U slots will be distributed. If the downstream traffic is much greater than the upstream 

traffic, which is often the case, the number of D slots will be favored to increase the 

transmission time in this direction. However, a large number of combinations are possible 

depending on the traffic and the applications, such as DDDSU, DDDDDDDDSUU. We note 

that between the last D slot dedicated to the downlink and the U slot for the uplink, a slot 

marked "S" is introduced. This is an intermediate slot to take into account the changeover 

time necessary for the UE to go from reception to transmission, but especially the 

propagation times between BS and UE. The ratio between the times allocated to the downlink 

and uplink respectively is ¾, or 75%, or 8/10, or 80%, for the previous 2 examples. Some 

slots may eventually be unoccupied by data, in the case of very low traffic. Depending on 

usage, this ratio can be modified to favor one link or another. Within each slot, the RBs are 

assigned by the BS to different users as in 4G (see Figure 19). 
 
The times at which a UE transmits or receives are therefore not fixed, as they depend on 

traffic density, usage, amount of information to be transmitted, link quality, etc. Finally, in 

downlink, an additional degree of freedom exists due to the possible focus on the UEs. The 

data to be transmitted are thus distributed in a 3 dimensional set: space, time, frequency. It is 

difficult in this case to introduce the notion of signals sent intermittently but perfectly 

periodically106.  
A statistical study of the distribution of transmission and reception intervals for a given UE 

could possibly be carried out from measurements made on an operational network. However, 

these would have to be carried out in very large numbers, taking into account all the 

parameters, such as usage, that play a role in this distribution. 
 
In the following chapter, after presenting some aspects related to exposure to emission 

sources close to the body, as is the case for cell phones, the results of the literature review 

on fields radiated by base stations  
 

 
106 

In France, ARCEP has issued a decision establishing a harmonized frame format to ensure the 
synchronization of terrestrial networks in the 3.4 - 3.8 GHz band. Decision No. 2019 0862. 
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will be summarized. However, it should be noted at this point that, given the current state of 

5G development, the number of articles or reports describing measurement results with 

finesse is very limited.  

 

4.3 Exposure assessment in frequency bands below 6 GHz 
 
 

4.3.1 Considerations on exposure to nearby sources (cell phones) 

 

The optimization of 5G radiating structures (antennas) and associated radio frequency 

electronics is an important issue for the design of cell phones, given the number of antennas 

that need to be integrated to cover a large frequency band, even if broadband planar 

antennas have been developed over the years. Indeed, Wi-Fi, Bluetooth, 2G to 5G 

connections must be ensured. In addition, to make the best use of MIMO techniques, the 5G 

cell phone antenna, like the 4G antenna, must have at least 2 radiating elements. The 

exposure of people to electromagnetic waves radiated by all these antennas is regulated. In 

particular, the specific absorption rate (SAR) for each model of phone must be below the 

regulatory limits, in conditions of standardized measurement for uses near the head, trunk 

and limbs. The maximum SAR is 2 W/kg for the head and trunk and 4 W/kg for the limbs (see 

paragraph 4.1.3). 
 
The work carried out on cell phone exposure by many research teams, including universities, 

whether for 4G or 5G, has focused on the definition of different antenna structures to 

minimize the SAR and ensure maximum radiation from the antenna to free space. Three-

dimensional numerical modeling allows the calculation of SAR at any point of the body close 

to the source depending on the position of the phone and its orientation. For a MIMO 

configuration, the SAR is calculated for all phase combinations of the signals feeding the 

different antennas in order to evaluate the worst case and to verify that this SAR remains 

below the applicable limit values. 
 
As with 4G, it will be interesting to compare the SAR of different 5G cell phones when a 

sufficient number of them are brought to market. Moreover, when the 5G network is fully 

operational, in-situ measurements will allow to assess the variation of exposure depending 

on the type of cell, micro or macro107 , and on the usage such as voice or data exchange. 

This aspect has been addressed for 4G, for example by Mazloum (Mazloum et al., 2019).  
 
 
 
 
 
 
 
 
 

 

107 As an order of magnitude, a micro cell in an urban environment covers an area less than 500 m 
around the BS and a macro cell beyond this distance. However, there is no precise definition of cell sizes 
because it strongly depends on the type of environment (dense, semi-rural or rural for example). 
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4.3.2  General principles  of exposure measurement at base stations 

 

In the presence of several radiation sources, which can range for example from FM radio to 

5G, two approaches are possible to assess the corresponding exposure level.   
1st procedure: measurement of the total electric field 
 
The Etotal total electric field is measured directly by a sensor associated with a  
« A very wide band "exposimeter", covering the entire frequency band in which the emission 

sources are located, for example between 700 MHz and 2.4 GHz. In some documents and in 

particular in the protocol published by the ANFR, this type of measurement is referred to as 

"case A108".  
2nd procedure: detailed exposure assessment 
 
In this approach, known as the "B case", the Ei fields are measured separately in the 

different transmission bands associated with the "services", such as the E1 field due to FM, 

then E2 due to 2G around its carrier frequency, etc. The bandwidth of the measuring device 

is successively adjusted to correspond to the band used by each of these services. If we 

want to obtain the total power due to all the transmitted bands, we sum the received powers 

and thus the square of the measured fields: 
 

(Etotal)² = (E1)²+ (E2)²+ (E3)²+... (1) 
 
This measurement procedure first verifies that a particular emission does not exceed the 

maximum allowed value El,i, a value that depends on the frequency as shown in Figure 20. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 20: Regulatory exposure limit values in France - Decree no. 2002-775 of May 3, 2002 109 

 

In addition, to ensure compliance with regulatory limits, for emission frequencies above 100 

kHz, it is also necessary to ensure that inequality (2), based on the sum of the normalized 

powers, is verified. 
 
 

108 ANFR, Measurement Protocol, DR 15-4.1, Oct. 2019.  

109 Figure taken from the ANFR report Study of public exposure to radio waves (May 2020).  

110 https://www.anfr.fr/fileadmin/mediatheque/documents/expace/Protocole-mesure-15-4.1.pdf. 
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(2)  
 
with = 87/√ , the frequency fi being expressed in MHz, the quantity c having as unit the V/m.   
As specified in the ANFR measurement protocol, this detailed exposure assessment must be 

carried out especially if the result of a direct broadband measurement is greater than or equal 

to 6 V/m, this value having been chosen because it substantially exceeds the average field 

strength observed at the French national level (of the order of 0.8 V/m). The corresponding 

measurement point is called "atypical" by the ANFR. 

 

4.3.3 Regular measurements of exposure from base stations in France 

 

At particular points, chosen outdoors or inside buildings, fixed point measurements allow 

recordings to be made over periods of 6 minutes. At the national level, such measurements 

are carried out by the ANFR, and the results are published on a website111 . The Cartoradio 

site, which is also accessible in a mobile version, allows in particular  
« to identify the location of radio antennas, to obtain information on the services they carry, 

and to know, for given locations, the results of electromagnetic field measurements 

synthesized in a measurement sheet". 
 
With the arrival of 5G, it is important to know the impact of it on the total field strength according 

to its deployment, but especially according to the evolution of the number of cell phones 

connected in 5G. At the end of 2020, the ANFR has set up in the cities of Bordeaux, Marseille, 

Nantes and Paris a measurement device with sensors located in busy places, in height, placed at 

about 100 m from 5G antennas not yet activated. This system will be extended to other cities. 

The broadband sensors measure, about ten times a day, the total electric field level in a band 

extending from 80 MHz to 6 GHz, thus including FM radio, Wi-Fi and all cell phone technologies. 
 
Real-time measurement results have been available since the end of December 2020 on the 

ANFR website112. An example is shown in Figure 21. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 21: Example of a recording of the total field strength measured at a fixed point in Nantes  
 
 
 
 

 

111 https://www.cartoradio.fr.  

112https://www.anfr.fr/controle-des-frequences/exposition-du-public-aux-ondes/la-mesure-de-
champ/observatoire-des-ondes/. 
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4.3.4 Measurements of exposure due to base stations on operational 5G networks 
(United Kingdom and South Korea) or networks under deployment (France) 

 

4.3.4.1 Measurements in the UK  
 

Measurements were carried out by the Office of Communications (Ofcom) at 22 sites in the 

United Kingdom, including London, Belfast and Cardiff. The objective was to assess the level 

of exposure in the vicinity of the BS, and a brief summary has been published (OFCOM, 

2020). The selected areas are those where high cell phone usage can be expected, such as 

transport hubs or shopping centers. In these areas, 5G is under development and coexists 

with 2G, 3G and 4G networks. 
 
The measurements were made in the frequency range 420 MHz - 6 GHz, using a field strength 

meter connected to an omnidirectional probe placed at a height of 1.5 m above the ground, the 

measurement technique being indicated in the Ofcom report (OFCOM, 2020). From these 

readings, averaged over a period of 6 minutes, in accordance with Icnirp recommendations 

(Icnirp, 1998), the average electric field strength was calculated, either for each of the potential 

radiation sources, or over the entire bandwidth. It should be noted that only one period of 6 

minutes was considered, which obviously does not allow to know the evolution of the exposure 

over time, like a day. 
 
The results in this report indicate that the major contribution to public exposure comes from all of 

the previous generations' networks. The exposure due to  
à all transmitters do not exceed 1.5% of the Icnirp recommended limits (10 W/m2). If we 
consider the 5G band alone, this relative maximum level is only 0.04%. 
 
It should be noted that this measurement report does not provide information on the possible 

number of UEs in these areas, nor on the characteristics of the 5G BSs. It is indicated that the 

measurements were made "in the vicinity" of BS, but without any further details on the distance 

interval between the measurement points and these BS. The values mentioned above can 

therefore only give an order of magnitude of the average fields in an urban area, and only in the 

current state of 5G deployment. Once the rollout has been completed, Ofcom plans to carry out 

further measurements in order to obtain more representative results. 

 

4.3.4.2 Measurements in South Korea 
 
In early April 2019, the three incumbent operators KT, SKT and LGU+ activated their 5G 

network in South Korea. In order to have an overview of the exposure in urban and rural 

areas, measurement campaigns were carried out by Cetim, at the request of Ineris113 

(Institut national de l'environnement industriel et des risques), following a prior consultation 

with the ANFR to develop the measurement methods. The measured field strength values 

and all the information that is indicated below are taken from the Cetim report (Cetim, 2019). 
 
The transmission frequencies for 5G are between 3.42 and 3.70 GHz and the bandwidth 

allocated to operators is 100 MHz, except for LGU+, which is  

 
113 the Ministry of Ecological Transition and Solidarity commissioned Ineris to conduct a study to 
characterize the exposure of people to radiation emitted by the new 5G networks, in a context of 
already effective commercial operation. 
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80 MHz. The number of KT 5G stations deployed nationwide is 38,999, of which 9,878 are in 

Seoul (outside the metropolitan area) as of the date of the report. 
 
Measurement campaigns, including in Seoul and Naji, have been conducted in various types 

of environments: 
 
a dense urban commercial zone, including a business zone and an underground section; 
 
an urban area with a commercial district, a park and a residential area; a rural area with 

commercial, administrative and residential parts. 
  
In addition, other recordings were made either on urban roads, in this case covering the 

entire center of Seoul, or on an extra-urban road, connecting the center of Seoul to the 

airport. 
 
Moving within these various areas, the recordings were made for about 2 h, with a sampling 

rate of 1 point every 3 or 5 s. For this purpose, 2 exposimeters covering the 88 MHz - 5 GHz 

band were used and programmed to differentiate the types of emissions and measure the 

average received field strength due to each of them, from FM to 5G. The results below were 

obtained with the Fields at Work / ExpoM-RF meter. Table 14 summarizes the levels 

measured either on 5G alone in the 3.4 - 3.6 GHz band, or on the whole frequency band 

taking into account all services: GSM, UMTS, LTE, 5G, etc. ("Overall average level"). 

("Global average level"). The maximum field strength levels specified by the Icnirp for all the 

bands are shown in Figure 20, with a level of 61 V/m for the 3.4 - 3.6 GHz band. 
 

Table 14: Electric field values obtained in different areas or on the routes concerned 
 

 Medium level 5G Overall average level Maximum level 5G 

 (V/m) (V/m) (V/m) 
    

Dense urban area 0,14 1,8 2,1 
    

Urban area 0,02 0,5 0,3 
    

Rural area 0,02 0,3 0,8 
    

Urban travel 0,05 0,8 1,5 
    

Extra urban travel 0,02 0,3 0,5 
    

 
The zones are defined according to the built-up area and not according to the population density. 

Source : Cetim report. 
 
Cetim's report also provides results concerning the distribution of measured fields according 

to the services, which show that the contribution of 5G to the total exposure is far from being 

the majority. Finally, it should be noted that other recordings have been made on railroad 

lines or on car and bus journeys. The results are of the same order of magnitude as those 

described above. 
 
However, it must be emphasized that these results give only an order of magnitude of the fields 

measured in the various zones and cannot be extrapolated to other sites. Indeed, the power of 

the transmitters, their distribution, the relative distances between the different BS and the 

measurement points on the route followed by the recording system, are not specified. Moreover, 

the average 5G level is much lower than that due to 4G and GSM, 
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but no comments or explanations, based for example on a comparison between 4G and 5G 

traffic densities, are included in the report. 

 

4.3.4.3 Measurements on 5G sites not yet fully operational in France  
 

As part of the pilot experiments for the deployment of 5G authorized by the French 

Communications and Postal Regulatory Authority, exposure measurements were carried out 

by the French National Frequencies Agency (ANFR 2019b, ANFR 2020c) on a number of 

radio sites with various operators, manufacturers, and antenna types. They were conducted 

in the cities of Pau, Marseille, Lille, Douai, Bordeaux, Lyon, Nantes, Rouen, Saint-Ouen and 

Toulouse and in which Orange, Bouygues Telecom and SFR are conducting the first pilot 

deployments in the 3.4 GHz - 3.8 GHz band. BS antenna arrays often allow for 64 transmit 

(T) and 64 receive (R) antennas, and are noted as 64T64R. A few 32T32R arrays and a 

single 8T8R have also been deployed. 
 
In all cases, the field levels were evaluated as an average value over 6 minutes. The 

following configurations will be considered successively:   
traffic-free configuration ;  
configuration with continuous traffic in a blocked beam ;  
file transfer configuration in a given direction. 
 

The results mentioned below are taken from the ANFR report (ANFR 2020c)114. 
 
4.3.4.3.1Configuration  without traffic 
 
It should first be noted that before the 5G antennas were put into operation, no emissions in 

the band were detected: the levels were indeed measured at less than 0.01 V/m, well below 

0.05 V/m, the threshold set in the ANFR protocol to define a significant emission. 
 
After start-up but without traffic, the only signals emitted during this phase of  
« The "signaling" correspond to the SSB blocks sent periodically by the BS, as well as some 

reference signals. The number of beams generated by the BS in this preliminary phase is 

between 1 and 8, this number being variable according to the operators and the sites. The 

total scan of the coverage area is performed in less than 2 ms and with a periodicity of 20 

ms. 
 
The average electric field level measured over 6 minutes, at distances varying from 35 m  
à 200 m from the BS on the 100 MHz frequency band of the transmitters, is between 0.01 

V/m and 0.6 V/m depending on the site.  
 
 
 
 
 
 
 
 
 
 
 
 
114 ANFR, 2020c. "Assessment of public exposure to 5G electromagnetic waves. Component 2: 
first results of measurements on 5G pilots in the 3400-3800 MHz band." ANFR report available online 
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4.3.4.3.2Configuration  with continuous traffic in a blocked beam 
 
At the time of testing, as 5G BS was not open to operator subscribers, traffic was generated 

through the use of a BS test mode and, in particular, a Customer Premises Equipment 

(CPE). 
 
In this first configuration, the BS sends a constant data stream continuously in a given 

direction where field measurements are performed. Note that for an operational 5G network, 

the probability of occurrence of this configuration is very low because it would imply that all 

the time-frequency resources of the BS are continuously used for a maximum rate downlink 

in a single beam. This implies that there is only one user, or a group of users close enough to 

each other that the BS cannot use different beams to communicate with each of them.   
Because the link is in TDD mode, there are time slots provided for the uplink, even if these 

are not used, and thus during which no signal is sent by the BS. In the various configurations 

that have been tested, about ¼ of the time is reserved for these links. 
 
- Field strength in the immediate vicinity of the receiving terminal 
 
At all the sites considered, except for one configuration where the PBS terminal was inside a 

building, the electromagnetic field measurements performed by ANFR were conducted 

outdoors, at a height of 1.5 m above the ground, with the BS in direct view of the receiver. 

Full details of the geometric configuration of the tests are given in (ANFR 2020c). As a rough 

guide, the BS antennas are located at heights between 8 m and 45 m, the distance between 

the CPE and the BS being, in most cases, of the order of 120 m. 
 
For the spot measurements that have been made, the electric field levels measured outside 

and near the CPE and at different sites are between 6 V/m and 9 V/m, for a 100 MHz 

bandwidth transmission and a maximum power injected into all the antennas of an array of 

about 200 W. To determine the power emitted in a particular direction, the power must be 

multiplied by the gain of the array in that direction. At a particular site, lower levels have been 

obtained and this can be explained by the characteristics of the traffic beam, such as the 

array gain, which is at the discretion of the operator. 
 
- Variation of the field around the CPE 
 
As the PBS terminal is fixed, the field was measured at different distances from it. Local 

fluctuations of the field strength are observed, due to reflections on the ground or on nearby 

buildings. In general, the field strength obviously decreases when moving away from the PBS 

terminal on which the power is focused, but the shape of this decrease, which reflects the 

"ground spot", depends strongly on the environment and the characteristics of the traffic 

beam. 
 
- Configuration with file transfer in a given direction 
 
In this configuration, the CPE or the receiving modem triggers a download of files ranging in size 

from 150 MB to 10 GB. The tests were performed at 3 sites. As an example, the field strength 

averaged over 6 minutes in the vicinity of the receiving CPE and during the reception of a single 

file of 1 GB is 1.1 V/m. The loading time of this file is 15 s, which corresponds to an average 

downlink speed of 
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of 530 Mbits/s. During the remaining 345 s, no data signal is sent by the BS. 
 
If we extrapolated this result to a continuous download, we would find an estimated 6-minute 

electric field strength value of 5.4 V/m. This last value is close to the one measured at this 

site, equal to 6.5 V/m, in the configuration with continuous traffic in a blocked beam.  

 

4.3.5 Introduction  to the concept of exposure indicators 

 

The use of mMIMO networks for 5G leads to significant spatial and temporal fluctuation of the 

signals received at any point in space. As a result, papers or reports dealing with BS exposure 

levels present a great diversity in their approaches depending on the objective. As previously 

mentioned, the exposure level may correspond, for example, to the average value of the electric 

field or to its maximum value when the measuring device moves in various areas of a city. 
 
During the test phases of a BS before its integration into the network, the exposure level can 

also be measured, as described in the previous paragraph, in the most critical case leading 

to a maximum exposure value, and corresponding to the configuration of a single user or 

several very close users, located in direct visibility of the BS, with all the frequency and time 

resources of this BS assigned to a single beam. This results in a deterministic indicator 

associated with the field strength measurement in an extreme "worst case" configuration that 

has been highlighted in particular by Pawlak et al, (Pawlak 2019) and Foster et al, (Foster 

2019). 
 
To estimate exposure in the situation where many users are connected to the BS, and thus 

to better characterize fluctuations in received power, statistical approaches are more 

appropriate. These two approaches define two different "exposure indicators", each 

representing two "realities" of exposure. 
 
A first possibility to define an appropriate indicator for the complexity of exposure situations 

generated by 5G technology is to rely, for example, on the foreseeable use of 5G expressed 

in size of files that would be downloaded in a traffic bundle. This approach, initiated by 

ANFR, will be described first. Others, proposed for 4G and transposed for 5G, will then be 

indicated. They are based either on statistical modelling using appropriate parameters, or on 

the distribution functions of field strength measured in a given geographical area and over a 

given period of time. These distribution functions make it possible to deduce the exposure 

corresponding to a given percentile, for example the 95th. Recall that the 95th percentile 

value means that in 95% of cases the field strength is below this value. 

 

4.3.6  Exposure indicator  based on estimated file size to be transmitted 

 

4.3.6.1 Principle of calculation of the indicator proposed by ANFR and example of 
application 
 
The indicator proposed by ANFR is based on a predictable use of 5G that would correspond, for 

the downlink, to a downlink data sending of 1 GB over a total time window of 6 minutes, in a given 

traffic beam. Since this can be done in 15 s at an average downlink rate of 530 Mbps, the power 
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received in the beam during this 6 minute window is reduced by a factor of 22.5 (13.5 dB) 

compared to the case of a permanent emission during the 6 minutes. This leads to a 

reduction factor of 4.7 on the average amplitude of the electromagnetic field, the power being 

proportional to the square of this field. 
 
In order to evaluate whether this file size assumption is representative of current usage, a 

coverage of the area using 8 beams is considered, i.e., a transmission by the BS of 8 GB 

over a total time window of 6 minutes. This assumes that the users are, on average, 

distributed over the whole area and that the data flows to be transmitted from the BS in each 

of the beams are of similar sizes.   
Based on the number of 4G SIM cards and the number of 4G sites across the country, the 

ANFR estimates that there are, on average, 1,000 users, professional or private, per site. 

ANFR indicates that the previous assumptions would lead to a monthly consumption per 5G 

user of 28 GB per month. This value could be compared to the average consumption for all 

4G mobiles, which is 7 GB per month, so there is a margin, according to ANFR. It should be 

noted, however, that these consumption levels will certainly evolve as new uses emerge with 

the development of 5G, and represent only average consumption levels. Continuous 

monitoring of exposure values is therefore necessary, and an initial approach proposed by 

ANFR was presented in paragraph 4.3.3. 
 
The 13.5 dB reduction factor mentioned above, which may therefore evolve according to 

statistics related to the number of terminals and new 5G uses, is applied to the value of the 

field strength that could be received over a period of 6 minutes in the "worst case" 

configuration and is deduced either from measurements or simulations. Recall that this 

electric field value is the one corresponding to the case where the BS uses all its space-time 

resources to focus the maximum power available in a single beam, as described in the 

previous paragraphs. In practice, this assumes that the BS does not carry any other traffic in 

the area it covers. Moreover, in this worst-case assumption, with data transfer occurring 

continuously for 6 minutes and with an average data rate of 530 Mb/s, the size of the files 

downloaded via this beam would exceed 20 GB. 
 
A first example, given in the ANFR report (ANFR 2020c), concerns the electric field level, 

averaged over 6 minutes, measured at 100 m from a base station and inside a building, but 

just behind a window. A comparison of open and closed windows shows that the attenuation 

due to glazing is 2 dB, although this value can be much higher depending on the type of 

glazing (e.g. athermal), the frequency and the angle of incidence of the radiation with it. 

Taking into account the above-mentioned reduction factor of 13.5 dB and an antenna gain of 

24 dBi, the exposure indicator for this 5G link would be 1.1 V/m and 1.8 V/m, respectively for 

a transmission power of 80 W and 200 W. 
 
This method of calculating an exposure indicator has been included in the "National 

guidelines on the presentation of simulation results of exposure to waves emitted by radio 

installations" published by the ANFR (ANFR 2019c). However, it should be emphasized that 

the parameters introduced in this calculation may be modified according to the results of field 

strength measurements carried out on operational networks and which will reflect, in 

particular, the likely changes in usage, given the possibilities that 5G links will offer. 
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4.3.6.2 Another example of application based on a numerical simulation of the propagation of 
electromagnetic waves in a dense urban area (Paris 14th) 
 
To assess the impact of the commercial development of 5G on exposure levels, various 

numerical simulations were conducted by the ANFR in collaboration with the Centre 

Scientifique et Technique du Bâtiment (CSTB), and are presented in an ANFR technical 

report (ANFR 2020a). The analyses described therein concern the electromagnetic fields 

created by mobile telephony in a very dense urban area, the 14th arrondissement of Paris. It 

should be noted that this area has the advantage of having a large number of relay antennas, 

as nearly 140 cell phone radio stations are listed there.   
After a quick presentation of the simulation method, the different scenarios corresponding to 

various network deployment states will be mentioned and the exposure levels for each of 

these scenarios will then be compared. All the results presented below are extracted from 

this ANFR report. 
 
Simulation method 
 
Electromagnetic propagation modeling software was combined with a building model from the 

Institut Géographique National (IGN), taking into account the exterior structure of each building, 

including the roof slopes. The characteristic data of the transmitters come from the four cell 

phone operators and include the height, gain and radiation pattern of the antennas as well as the 

maximum emitted power. The simulation only considers cell phone antennas, excluding other 

radiation sources such as FM transmitters, TV and Wi-Fi. 
 
The total number of simulation points over the entire calculation area is about 3,200,000 (of 

which 2,100,000 are near the facades, outside or inside buildings, and 1,100,000 are 1.5 m 

above the ground). It is on this number of points that the field strength distributions presented 

in the following paragraph have been calculated. 
 
Scenarios studied 
 

The 1st scenario, called "initial state", consisted of modeling the current state of mobile 

networks in the borough, which is a combination of 2G, 3G and 4G technologies and whose 

frequency bands range from 700 MHz to 2.6 GHz. 
 

The 2nd scenario, "optimized 4G", is based on the assumption of an ultimate optimization of 4G, 

i.e. a conversion of most 2G and 3G transmitters to 4G technology, and this on all current 

frequency bands, except on the 900 MHz band which would continue  
à to host 2G and 3G. In addition, it is assumed that for all transmitters currently operating in 

a band between 1.8 and 2.4 GHz, the total power is increased to 160 W in order to increase 

the available data rates. 
 

For the 3rd "5G only" scenario, only exposure due to 5G in the 3.5 GHz band is considered. 

The injected power is 160 W in 80 MHz of band and the antenna gain of each BS is 24.3 dBi. 

The value of the field strength in this 5G band, deduced from the electromagnetic 

propagation model, is reduced by the 13.5 dB reduction factor explained above and by the 

additional 1.2 dB reduction factor to account for the percentage of time dedicated to a TDD 

downlink (75%). The calculated field strength thus corresponds to the exposure indicator 

defined by the ANFR. 
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The 4th scenario "Majoring 5G" would assume a concomitance of the 2 previous scenarios. 

This situation is unlikely because it assumes that operators continuously optimize their 4G 

networks while deploying 5G. However, this scenario allows us to obtain an exposure 

majorant. 
 
Synthetic results of the simulations  
 

First of all, it must be emphasized that numerical results, even based on realistic models, 

cannot be used to find with certainty the amplitudes of the field at a given point, taking into 

account, on the one hand, the great geometric complexity of an urban environment and, on 

the other hand, the many possibilities offered, in particular by 5G, to manage the beams 

generated by BS. However, these models allow us to draw information on the average 

evolution of the field in a given area. 
 
Table 15 compares the field strength due to 5G alone with that of the initial state or optimized 

4G. It specifies the average level measured but also the percentage of "atypical" points for 

which the exposure level exceeds 6 V/m. 
 

 

Table 15: Comparison of field strength values, calculated at the facade level for various 
scenarios. 

 

 Average level (V/m) Percentage of points 

  above 6 V/m 
   

Initial state 1,1 0,6 % 
   

Optimized 4G 1,8 3,2 % 
   

5G only 1,4 1,1 % 
   

 

 

À Unlike Table 15, Table 16 considers the case of the 5G majorant for which 5G coexists 

with optimized 4G. The right column of the table gives the field strength value that could be 

equal or exceeded on 1% of the measurement points. 
 
 

Table 16: Calculated field strength levels for various scenarios. The two successive values 
shown in the table correspond to points located at a height of 1.5 m above the ground and at 

the front of the facades, respectively.  
 Median level (V/m) Average level (V/m)  Level for the 99th 

      percentile (V/m) 
       

Initial state 0,6 - – 0,8 0,8 - – 1,1 2,9 - – 4,8 
      

Optimized 4G 1–1,3 1,3 -1,8 4,8 - – 8,6 
      

Major 5G 1,5 – 1,8 1,7 - – 2,3 5,6 - – 10,4 
       

 

 
In Table 16, the predicted median "baseline" value of 0.6 V/m is comparable  
à The value of 0.52 V/m which was measured in urban areas on different zones of the territory 

(ANFR 2018). It is further noted that the calculations performed for reception points located on all 

facades lead to values 20-30% higher than those calculated in the vicinity of the ground. This is 

explained by the presence of a more open space when rising above the ground, as transmitters 

are generally located on high points. 
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If we compare the average or median levels predicted in the "initial state" and "optimized 4G" 

scenarios, we see an increase in levels in the latter case, of around 50%. The so-called "4G 

optimization" technique would therefore lead to an increase in exposure in dense areas, 

which is obviously closely linked to the desired increase in downlink speeds.   
Assuming the addition of 5G transmitters to the optimized 4G deployment ("5G Majorant"), 

the average exposure level in the entire mobile telephony band would increase by about 30% 

and would become equal to 1.7 V/m at ground level. Finally, it should be noted that in this 

case, the levels exceeded at 1% of the measurement points would be 2.9 V/m in the initial 

state and 5.6 V/m for the 5G majorant. This would result in an increase in the number of so-

called "atypical" points. 
 
All the values shown in Table 15 and Table 16 remain well below the regulatory exposure 

limit value (61 V/m), as shown in Figure 20, but will have to be confirmed by measurements 

carried out periodically during network deployment. This will also allow us to define scenarios 

that are as close as possible to reality. Note that except for scenarios with 5G signals only, 

the simulations are multi-frequency. In this case, it is necessary to consider the lowest 

exposure limit value in the whole frequency band considered, i.e. 36 V/m for the cell phone 

bands.    
4.3.7 Exposure indicators based on a statistical approach 

 

4.3.7.1 Statistical numerical model for 4G and possible application for 5G 
 
A statistical approach to assess exposure to fields due to 2G, 3G and 4G networks, both for 

uplinks and downlinks, is described in particular in the papers by Varsier (Varsier 2015) and 

Huang (Huang 2017). This work was conducted in the framework of the European project 

LEXNET115 (Low EMF Exposure Networks). The statistical variations of the field strengths were 

calculated by introducing a stochastic model of the cities, and then the results were fed into a 

simplified 4G network traffic simulator. The evaluation of an exposure index involves various 

parameters such as a weighting between uses, depending, for example, on the age group of the 

individuals and whether they are significant data consumers or not. This approach, developed for 

4G, could eventually be transposed to 5G but is relatively complex to implement, given the large 

number of parameters in the model. 

 

4.3.7.2 Exposure index extracted from the distribution function of the field strength in the 
considered band. Value for a given percentile. 
 
The exposure indicator used by Thors et al, (Thors 2017) and also specified in an IEC 

technical report (IEC 2018)116, is that corresponding to the 95th percentile of the measured 

(or calculated) power considering all possible scenarios. In his paper, Thors proposes a 

statistical model to calculate the exposure indicator at points within the line of sight of the 

mMIMO network, in order to derive the perimeters of  
 
 

115 http://www.lexnet.fr/projet-presentation.html  

116 IEC 2018. "Methods for the assessment of electric, magnetic and electromagnetic fields associated with 
human exposure." IEC TR 62669 ED2 Technical report. 
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security around the antennas. The model is based on probability functions associated with, 

among other things, the number of users, their spatial and temporal distributions, the power 

emitted to each of them, the connection times and the duration of these connections. 
 
The simulation results show that for the highest network loading configuration, the exposure 

index, as defined in this paper, reaches only 22% of the value that would have been 

calculated assuming that the maximum power is transmitted in a single beam for several 

minutes. However, these findings need to be validated by measurement campaigns 

conducted at different sites when 5G is sufficiently deployed.   
Similar percentile-based approaches had been conducted for 4G by Werner et al, (Werner 

2019) on an operational system in Australia to also predict the dimensions of the safety 

perimeter around antennas. The fields were measured at a distance of 6 m from an mMIMO 

array with 192 radiating elements. The radiation pattern of this array has a maximum of 8 

beams which can be used partially or simultaneously depending on the position of the UEs. 

The transmission is in TDD mode with the downlink occupying 75% of the available link time. 

The statistical approach shows that, for the 95th percentile and for the maximum traffic load, 

the average exposure level varies between 7 and 16% of the level calculated assuming that 

all BS power is concentrated in a single highly directional beam ("worst case"). This 

difference is obviously due to the fact that the power radiated by the BS is distributed among 

different beams, the number of which depends on the relative position of the users and thus 

varies with time. 
 
This work was then replicated by Colombi et al, (Colombi 2020) for 5G. The measurements were 

made on 25 BS of the commercial 5G network "Telstra" in Australia and on which more than 

100,000 users are connected. The frequency band ranges from 3.3 to 3.8 GHz, with a bandwidth 

between 40 and 80 MHz. If we are interested in the field strength radiated in the traffic beams, the 

solution that has been chosen is to characterize these beams thanks to the information stored by 

the system (Ericsson) performing the network supervision. The average powers in the coverage 

area and the temporal evolution of the gain of the antennas in the directions of the different users 

allow to analyze, over time, the spatial distribution of the power transmitted by the BS. Also 

introducing the notion of the 95th percentile, the results of the statistical analysis show that the 

assumption of constant emission in a beam with maximum power leads, as in 4G, to an 

overestimation of 8 to 10 dB of the exposure levels. 

 

4.3.7.3 Use of this exposure index in an optimization calculation of base station locations 
(Ghent, Belgium) 
 
A theoretical study, to jointly optimize the BS power consumption and exposure level, was 

conducted by Matalatala (Matalatala, 2018). In this simulation, the exposure index is defined 

using a weighting between the median value of the field and the 95th percentile value. The 

constraint imposed by the Flemish regulator is that the field strength at any point due to all 

BS must not exceed 4.48 V/m. 
 
The planned network will cover an area of approximately 7 km2 of the suburbs of Ghent 
(Belgium)  
à Using mMIMO antennas with a center frequency of 3.7 GHz and a transmit band of 20 

MHz. The number of BS antennas can vary between 16 and 256. A system-level simulation 

was conducted using network deployment tools, with the signal attenuation at any point 

calculated from classical statistical models. 
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Two scenarios are considered, either a very dense area in terms of number of users, such as 

a stadium, for which an average throughput of 20 Mb/s is sufficient, or an urban area of 

offices requiring a throughput of 300 Mb/s. The results show that judicious planning of BSs 

could reduce the exposure level, but with an increase in the number of BSs. However, it 

should be noted that the various hypotheses made to reach this conclusion are restrictive 

and should be validated through experimental work. A more exhaustive complementary study 

is necessary. Note that a similar study has been conducted for a 60 GHz band emission 

(Matalatala, 2017).   
 

4.3. 8Exposure indicator  based on extrapolation of the results of 
measurements made on the signalling blocks 

 

When the 5G network is fully operational, the only signals that are independent of traffic and 

always transmitted at constant power and beamwidth are those of the signaling (SSB 

blocks). Work has therefore been carried out to extrapolate the measurements made on 

these signals to exposure values during traffic. This requires taking into account the large 

spatial fluctuation of the field strength in the area covered by the BS when "reconfigurable 

antennas "117 are used, as illustrated by Migliore (Migliore 2019). Note that for a 4G 

network, results detailed by Exposito et al, (Exposito, 2018) indicate that the field strength 

increases with network loading and its fluctuations can reach 10 dB. This influence of 

network loading is also a critical point for 5G, considering the beam management techniques 

and links between BS and UE. 
 
For 5G, Aerts (Aerts 2019) and Keller (Keller 2019) propose a methodology also based on 

this technique of extrapolating measurements made on SSBs, and some examples describe 

the implementation of the proposed approach. Adda (Adda 2020) presents a similar 

exposure assessment technique, emphasizing that an important factor is the beam gain. This 

reflects the increase in field strength at the receiving point during traffic due to beam forming 

towards the user. Its theoretical evaluation from the antenna radiation pattern is tricky, 

because the 5G technical specifications have foreseen a very open beam management by 

the BS. This point is also highlighted by Franci et al, (Franci 2020b). 
 
In conclusion, the different techniques proposed to calculate an exposure indicator still need 

to be validated on operational networks, thus on large coverage areas served by a set of BS. 

 

4.3. 9Special environments : distribution of the electromagnetic field within a 
confined environment 

 

In order to highlight the work carried out on exposure to 5G in other environments, some 

results concerning field strength distributions in confined environments and in particular in an 

industrial hall and in a tramway are described in this paragraph. In these 2 cases, we are not 

interested in the radiation from a BS located in  
 
 

117 The generic term "reconfigurable antennas" covers all technologies, such as mMIMO, that allow 
beamforming and associated signal processing to be adapted to maximize link performance. 
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The field level is not the same as that caused by an external source covering a large area, 

but rather that caused by a source located in the confined environment itself. Indeed, the 

propagation in such an environment is subject to numerous reflections on the walls and 

obstacles that can cause a local increase in field strength. In the case of the hall, the 

emission is generated by an array of 5G antennas covering the surface of the hall, and acting 

as a kind of local BS, while for the tramway, we are interested in the uplink, the emission 

being assumed to come from the antenna of a cell phone.  
 

4.3.9.1 Industrial hall 
 
The configuration addressed through numerical simulation, by Shikhantsov et al, (Shikhantsov, 

2019), is that of a 40 m x 20 m x 5 m industrial hall in which a 5G mMIMO transmission is 

implemented. Obstacles, parallelepipedic in shape, are randomly distributed in this hall but at a 

maximum distance from the walls of 3 m. The presence of an individual occupying successive 

positions in the central aisle is simulated by a "phantom" for which the specific absorption rate 

(SAR) at the head for a downlink is calculated. Remember that the concept of SAR and the basic 

restrictions concerning the exposure of the whole body are specified in paragraph 4.1. For this, 2 

methods are associated, one based on "ray tracing" and the other on a method using "finite 

differences in the time domain". This combination allows to deal with the problem of the 

propagation of the field emitted by the antenna in the presence of obstacles and the penetration 

of the waves in the "ghost". For a transmission power normalized to 1 W, the SAR varies from 1 

to 2 mW/kg at a distance of about 10 m from the BS depending on the orientation of the 

"phantom", if it is in direct visibility of the BS or not. The paper (Shikhantsov, 2020) is an 

extension of the one published in 2019, but introduces a different data coding technique, focusing 

the power more on the UE. Thus, these papers show the value of numerical simulation to 

calculate SAR when the person and their smartphone are in a complex environment, but the SAR 

values given in this paper are difficult to extrapolate to another configuration. 

 

4.3.9.2 Tramway 
 
The electric field distribution in a tramway, the transmitter being a cell phone located in the 

train, has been conducted by numerical simulation by Celaya-Echarri et al., (Celaya-Echarri 

2020). 2G to 5G transmissions are studied successively, and for 5G, the 3.7 GHz and 26 

GHz bands were considered. The calculation of the fields at any point in space has been 

obtained thanks to a simulation software taking into account the precise geometry of the tram 

structure as well as the presence of people, simulated by realistic models. The tramway 

occupancy density is either low with 33 passengers or very high with 101 passengers. 

Measurements have also been performed for some configurations in a tramway of the Bilbao 

agglomeration, in order to validate the simulation results for current emissions, thus 

excluding 5G. 
 
In 5G, directional or omnidirectional antennas are envisaged. The terminal is assumed to be held 

by a user sitting in the middle of the train. The average transmit power value chosen in this 

example is 10 dBm (10 mW), knowing that the maximum value allowed when transmitting a 1 ms 

data subframe is 23 dBm, or 200 mW118. The results exclude the very "close" area of the 

antenna (5 wavelengths, 
 
 
118 ETSI Standards, User Equipment (UE) radio transmission and reception, ETSI TS 138 101-2 V15.9.1 
(2020-04). 
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8 cm at 3.7 GHz) for which the assumptions of the numerical simulation are not verified. 
 
With an omnidirectional transmitting antenna and a frequency of 3.7 GHz, the average field 

strength calculated on all points located at a distance of less than 1.5 m from the antenna is 

1.2 V/m or 1.1 V/m, respectively for a low or high passenger density. The field strength then 

decreases with distance and, beyond 2.5 m, its average value does not exceed 0.1 V/m. For 

the whole tramway, the average field strength is 0.5 V/m if the transmitting antenna is 

omnidirectional and, with a directional beam, the field strength would become equal to 0.8 

V/m for points located in the beam but would decrease to 0.2 V/m elsewhere. Similar results 

were obtained at 26 GHz.   
The estimated field strengths are therefore well below the regulatory exposure limits (1-2% of 

the limit at 61 V/m). The highest field strengths are obviously obtained in an area of less than 

a few meters from the antenna, and this point will require attention if highly directional 

antennas are used in the 26 GHz band. It would be important to continue this work with 

measurement campaigns to statistically quantify the increase in field strength associated with 

a large number of users simultaneously connected to the 5G network.  

  
4.3.10 Summary of the literature review and conclusion 

 

4.3.10.1 Exposure in the vicinity of cell phones 
 
The exposure data available so far comes from the SAR values of 5G compatible devices 

appearing on the market, provided by the manufacturers in order to certify their compliance 

with the regulatory limit values and which are listed in the technical specifications of the 

devices. SARs of 0.4 to 1 W/kg for the head are mentioned, the maximum authorized level 

being 2 W/kg. It seems that these SARs are slightly higher than those of 4G devices. 

However, it is difficult to draw conclusions about the increase in SAR due to the 

implementation of 5G because these smartphones have to cover the whole band, from GSM 

to 5G, and SARs are never specified for a particular band (only the maximum value 

measured on all bands is provided). When many smartphones will be in use in a fully 

operational 5G network, it will be necessary to know the statistical variations of the exposure 

level according to the uses and the network load. 

 

4.3.10.2 Exposure due to 5G base stations but with reuse of existing 4G infrastructure 
 
For this first step of 5G, the radio links between BS and UE are established through 4G antennas, 

thus on the corresponding frequencies, the duplexing mode chosen being the same as for 4G. 

The main difference with 4G is related to the signal processing software techniques. At the same 

level of total power emitted, we can therefore expect  
à a level of exposure close to that which existed with 4G, but no measurement results are yet 

available. 

 

4.3.10.3 Exposure from 3.5 GHz base stations 
 
- Notion of "worst case" and maximum field 
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Recall that the "worst case" situation corresponds to a configuration such that the received 

field strength in the vicinity of a BS, averaged over a 6-minute period, takes on the maximum 

possible value. This assumes that the maximum possible data rate sent by the BS is 

dedicated to a single UE or to a group of UEs in close proximity to each other. This requires 

that all available bandwidth and power resources at the antennas are allocated to a single 

UE and that the BS network gain for this UE takes its maximum value.   
In practice, "worst case" measurements can only be performed during the test phases of a 

BS not yet connected to the 5G network. It should be remembered that such tests carried out 

by the ANFR lead to an electric field of the order of 6 to 9 V/m at a distance of about 100 

meters from the BS and in direct visibility of it. The amplitude of the field measured in this 

"worst case" remains well below the regulatory limits. For a duration of 6 minutes, the size of 

the files thus downloaded by the intermediary of this beam is of 24 Gb, with a flow of the link 

of the order of 500 Mb/s. 
 
The working group did not find any other measurement results published in open access articles 

or technical reports. It would therefore be interesting to continue this type of test when 

implementing new BS, and to measure this "worst case" field over a large area. 
 

- Concept of exposure indicator 
 
To take into account the spatial and temporal fluctuations of the received signal, in the 

presence of a large number of connected UEs, and therefore in a configuration where the 5G 

network is fully operational, a statistical approach seems adequate. Various authors or 

organizations in the telecommunications field have proposed to extract from this approach a 

field strength value that could characterize an exposure, sometimes called  
« exposure indicator". The notion of exposure indicator, more broadly, refers to the 

integration of one or more physical quantities, instantaneous or averaged over time, which 

can also combine modulators to best represent the exposure sought. The different indicators 

defined in the literature to represent exposure specifically to 5G are briefly outlined below. 
 
1) The indicator proposed by ANFR (ANFR, 2019b) is based on the measurement of the 

electric field corresponding to the "worst case" but weighting this value by a factor taking into 

account, among other things, an estimate of the average size of the data packets sent by the 

BS to the UEs. The ANFR considers that, statistically, in a time interval of 6 minutes, each of 

the beams formed by the BS antennas sends a data flow of 1 GB. Compared to the "worst 

case", the average field strength over this time would be reduced by a factor of about 13 dB, 

which leads to a value of 1 to 2 V/m, thus similar to the case of a 4G link that would transmit 

the same amount of data. This is because the increase in power within a narrow 5G beam is 

compensated for by a shorter transfer time from BS to UE. Similar results were obtained by 

theoretical modeling of the urban propagation of a wave generated by a 5G BS. This 

modeling also shows that the percentage of points where the calculated field strength 

exceeds 6 V/m (so-called atypical points) would be 1.1% for 5G against 0.6% for 4G. 
 
2) Indicators based on a probability of exceeding a given field strength level have also been 

proposed. From intensive field strength measurements in a given area, an exposure indicator 

could be defined as the 95th percentile value of the field strength distribution function, with the 

probability that the received field strength is below this value being 95%. This definition has also 

been introduced in some standards such as 
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that proposed by the IEC (IEC, 2018). Preliminary measurements made on traffic beams at a 

grid-connected BS show that the field strength corresponding to the 95% percentile is 8-10 

dB lower than that measured on a single beam at full load.   
- Conclusion 
 
If we first consider the "worst case" situation in which, for 6 minutes, all the power available 

from the base station is concentrated in a single beam as narrow as possible, and this taking 

into account the size of the antenna network, the field strength measured by ANFR at a 

distance of 70 to 100 m from different stations in the test phase, is between 6 and 9 V/m, 

values that remain well below the regulatory limit of 61 V/m. 
 
While the 5G network was not yet operational in France, theoretical models were carried out 

to assess the average field strength in various environments, such as urban areas. Taking 

into account the assumptions made concerning the data flows exchanged and based on an 

extrapolation of current 4G consumption, this average field strength would be around 1.5 

V/m, thus comparable to that due to 4G. Measurements made in various countries where 5G 

is already implemented tend to confirm this result, but these measurements are few. 

Moreover, in this early stage of deployment, the number of users is still limited. 
 
5G will enable a wide variety of innovative applications such as augmented reality, the 

Internet of Things, communications between industrial machines or robots or autonomous 

cars, to name just a few. These applications may lead to an increase in the size of the files to 

be transmitted and therefore in the exposure for the general public and the professional 

population, but which is currently difficult to quantify. 
 
The powers received at any point, during the 6-minute duration indicated in the guidelines 

and test standards, due to all sources of radiation, from FM radio to 4G and then to 5G, are 

cumulative. This problem is obviously not new and this is why, following the decree n°2013-

1162 of December 14, 2013 on the system of monitoring and measuring electromagnetic 

waves, systematic measurements are carried out by the ANFR to locate the so-called 

"atypical" points for which, in practice, the electric field is greater than or equal to 6 V/m119.  
In order to assess the impact of the arrival of 5G on the level of exposure, the ANFR plans, 

by the end of 2021, to conduct a national measurement campaign on 4,800 points spread 

over the territory. 
 
In addition, it is also important to monitor the evolution of the exposure level in real time in 

order to assess the impact of the increase in terminal density and the role of the new uses 

offered by 5G. An initial monitoring system, described in section 4.3.3, has been developed, 

but this could evolve to better assess the contributions of each of the mobile communication 

networks.  
 
 
 
 
 
 

 

119 Atypical points are defined by Law No. 2015-136 of February 9, 2015 as locations in which the 
level of exposure to electromagnetic fields substantially exceeds that generally observed nationwide, 
in accordance with criteria, including technical criteria, determined by the National Frequencies 
Agency and revised regularly. In this initial approach, the ANFR retained as a criterion an overall level 
of exposure of 6 V/m. 
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4.4 Assessment of the exposure level in the (24-60) GHz band in the far 
and near field 
 
 

As exposure data in the 26 GHz band are not available, the working group wished to initiate 

a reflection on the biophysical aspects of the interaction between electromagnetic waves and 

living organisms, in order to have an initial qualitative assessment of exposure in this 

frequency band.   
These aspects are presented in chapter 5.2. 
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5Elements of  reflection on the interactions of 
electromagnetic waves with the living in the new 

frequency bands of 5G technologies   
 

 

5.1 Biophysical aspects of electromagnetic field-living interactions in the 
3.5 GHz band   

5.1.1 Absorption of electromagnetic energy in the frequency band  
around 3.5 GHz 

 

This chapter outlines the differences in the interactions between electromagnetic fields and biological 

tissues for exposures to radiation at frequencies 0.9-2.5 GHz on the one hand and 3.5 GHz on the 

other. Indeed, the following question can be asked: is there a difference in the absorption of 

electromagnetic power (SAR) in human tissues at 3.5 GHz compared to the frequency bands 

previously used in mobile communications, i.e. between 1 and 2.5 GHz approximately? The dielectric 

properties of tissue, such as conductivity, depend on the composition of the tissue and the distribution 

of water molecules, ions and other molecules. These properties influence the level of field absorption 

in different tissues. High conductivity, for example due to high water or salt content, increases the 

absorbed electromagnetic power and also increases the interaction of the field with the tissue. The 

absorption characteristics of electromagnetic fields by biological tissues at 3.5 GHz are similar to those 

at frequencies between 1 and 2.5 GHz. Even in the case of plane wave exposure (a simple exposure 

model, e.g., in a distant source situation), a high percentage of the RF energy is absorbed by the skin 

and surface tissues. However, the distribution of the energy deposited in the tissues, at depth, can be 

heterogeneous, because of the discontinuities between the different tissue layers. This is because 

each tissue in a biological system has a different complex permittivity120 , so there will generally be 

reflections of energy between the various tissue interfaces during RF exposure (RF Dosimetry 

Handbook, 5th edition, 2009). 
 
Under near-field exposure conditions (e.g. near cell phones), this heterogeneity can be even more 

complex. 
 
On the other hand, the wavelengths in the tissues are considerably reduced compared to  
à free space (outside a material medium), due to the high dielectric constants of the tissues. This 

reduction is quite large, by a factor of 6.5 to 8.5 for tissues with high water content (such as skin, 

muscle, brain), and by a factor of 2 to 2.5 for tissues with low water content (such as bone, fat, hair). 

Typical wavelengths in tissues with high water content are about 1.4 cm 
 

 

120 The dielectric permittivity of a material relates the response of the material medium to its exposure to an 
electromagnetic field. Biological structures are most often inhomogeneous, non-isotropic and lossy dielectric 
media (linked to a certain conductivity). The complex permittivity, in the mathematical sense (real and imaginary 
part), is the quantity used to represent these phenomena. 
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à 3.5 GHz and 1.75 cm at 2.45 GHz (e.g., Wi-Fi), while the wavelengths in air at the same 

frequencies are 8.6 cm and 12 cm, respectively. In addition to this significant reduction in 

wavelengths, strong energy absorption is observed in the tissues in these frequency bands. 
 
In summary, there is no scientific argument that the main characteristics of exposure of 

biological tissues to electromagnetic fields, on a macroscopic scale, in the new frequency 

band around 3.5 GHz of 5G technology, could be different compared to other wireless 

technologies used so far (2G-4G, Wi-Fi), both in far field and near field exposure conditions. 

Nevertheless, few dosimetry studies have been published specifically at 3.5 GHz in different 

exposure situations, either in the near or far field.  

 

5.1.2  Penetration depth  and reflection coefficient of electromagnetic waves 

 

The depth of penetration of electromagnetic waves into exposed material media is the 

distance where the absorbed power is reduced by a factor of 1/e2 compared to the surface, 

i.e. the absorbed power in the tissues has decreased to 13%. 
 
The penetration depth is strongly dependent on the frequency of the radiation (RF Dosimetry 

Handbook, 5th edition, 2009). The penetration depth of waves into human tissue also 

depends on the properties of the biological tissue, with greater penetration in tissues with low 

water content such as fat and bone than in those with high water content, such as muscle or 

skin. For example, the penetration depth in tissues with low water content is up to 10 times 

greater than in tissues with high water content (see Figure 22). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 22: Penetration depth of RF fields into body tissue as a function of frequency and tissue 
type 

 
Logarithmic scales - Source: https://www.emf-portal.org/en 

 

 

The average penetration depth of RF fields is, for example, about 1.1 to 0.4 cm into muscle 

or skin tissue in the 
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from 0.9 to 3.5 GHz used in wireless or mobile communications, while above 10 GHz it is 

only about 0.2 mm or less (Wu, 2015, Hirata, 2018). This means that at 3.5 GHz, the 

penetration depth is reduced by about 40% compared to the 900 MHz frequency used by 

mobile systems since their early development (GSM). Therefore, at 3.5 GHz, the interaction 

between radio frequencies and biological systems is limited to the superficial layers of 

tissues, to a depth of about 0.4 cm. The physics of interactions between electromagnetic 

radiation and the dielectric properties of biological tissues implies that the higher the 

frequency of electromagnetic waves, the more the waves are absorbed by the superficial 

layers of the skin and the more the depth of penetration of these waves in the body 

decreases.   
For this reason, at higher frequencies, the basic restrictions that protect against the proven 

health risks of radio frequencies are no longer expressed in terms of specific absorption rate 

(SAR in W/kg) but in terms of power flux density (in W/m²). For the Icnirp, the boundary 

between energy absorption at the depth or surface of tissues was around 10 GHz in the 

guidelines published in 1998 (Icnirp 1998); it was reduced to 6 GHz in their update published 

in 2020 (see details in chapter 4.1), considering that beyond about 6 GHz, heating occurs 

mainly at the skin level. However, no further justification is provided by the Icnirp for this 

change. 
 
It is also important to consider the reflection coefficient of the air-tissue interface, which depends 

on the frequency of the radiation and the water content of the tissue. Since skin and muscle 

tissue have a high water content, the reflection coefficient can be high (Rani, 2015). For example, 

this coefficient is 0.77 at 900 MHz and 0.74 3.5 GHz. This means that 74-77% of the incident 

power is reflected from the body surface and therefore cannot be absorbed by the human body 

(Christ, 2006, Johnson, 1972). 

 

5.1.3 Role of  communication signal characteristics (temporal shape, 
modulation) in biophysical interactions 

 

5.1.3.1 Effects related to the temporal forms of the communication signals? 
 
One of the questions raised in the context of research on the possible effects of radio 

frequencies on health concerns the distinction between, on the one hand, effects that would 

be linked to the quantity of energy conveyed by the radiation, independently of the temporal 

distribution with which this energy is transmitted to the biological structures, and on the other 

hand, effects that would be linked precisely to the temporal structure of the emission of 

radiation, in other words, to the modulation of the signals over time. With the successive 

evolution of communication technologies, research teams have been interested in the effects 

of GSM type signals, the first ones used in the field of mobile communications, and then later 

on UMTS signals, for example, whose temporal modulation characteristics are different from 

GSM. The results of the studies conducted by some teams are often disparate: effects on 

cellular biological functioning can be found, for example, for exposures to GSM signals, but 

not UMTS, and vice versa (e.g. Tillmann, Ernst et al. 2010; Danker-Hopfe et al., 2011; Zeni 

et al., 2012; Smith-Roe et al., 2019). 
 
In addition, specific studies have focused on the hypothesis of signal demodulation that could 

be performed by biological structures (e.g. Sheppard et al., 2008; Davis and 
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al. 2010; Kowalczuk et al. 2010). These studies have not demonstrated any ability of 

biological entities, either small or large scale, to demodulate the signals, and thus potentially 

respond to the temporal shape of the signal rather than the energy carried. With the 

exception of the study by Carrubba et al (2010), whose authors put forward the possibility of 

the emission of an electrical signal by the brain (cerebral evoked potential) linked to the 

exposure to a low frequency signal 217 Hz (fundamental frequency of temporal repetition of 

the GSM frames).   
As a matter of principle, non-linear processes such as "rectification" can transpose low frequency 

modulated radio frequency signals into the frequency band where physiological systems are 

capable of operating. Almost all uses of radio frequency technologies, including cell phone 

systems, use modulated signals rather than continuous wave (CW) signals. Demodulation by 

non-linear electronic circuits is well known and essential in these processes. Some form of 

demodulation may be involved in biological effects in connection with intermittent, sinusoidally 

amplitude-modulated fields or with a combination of frequency, amplitude and phase 

modulations, where microscopic tissue components can "follow" for example the intensity 

variations of electromagnetic fields. The question of whether biological structures in the human 

body can respond nonlinearly to telecommunication signals has therefore been investigated in 

several publications, such as those reviewed by Sheppard et al (2008). The main results of the 

models suggest that nonlinear demodulation or subharmonic frequencies may exist at the cellular 

level, but that the level of demodulated signals or subharmonic energy is very low in the low 

frequency band where biological effects could be initiated. The order of magnitude of a 

demodulated electric field generated by a nonlinear mechanism could be estimated and it was 

shown that demodulation of the envelope of a radio frequency carrier attenuates the amplitude of 

the modulating signal (Foster and Rephacholi, 2004). For a hypothetical ideal detection process, 

this power attenuation may be 90-100 dB. For example, an extremely low-frequency incident 

electric field modulated in amplitude by 100 V/m would not cause a voltage greater than about 

3x10-11 V across a cell membrane in the low-frequency band (Sheppard, 2008). This very small 

signal is about 107 times smaller than the noise level of the low-frequency membrane potential, 

which limits physiologically significant events in excitable cells, and would also be significantly 

lower than the noise of the membrane potential in cells. Furthermore, the efficiency of this 

hypothetical demodulation decreases when the signal modulation depth is less than 100%. 
 

 

5.1.3.2 Specificities of 5G signals 

 
Sections 4.2.1 and 4.2.2 of this report outline the main characteristics of the communication 

signals used by 4G and 5G technologies, as well as their differences. The signal modulation 

used is the same for both technologies (OFDM). However, while uplinks - from the phone to 

the base station - and downlinks can be operated simultaneously in a 4G communication 

(these links are indeed separated in different frequency channels), the 5G uplink and 

downlink signals in the 3.5 GHz frequency band are separated in time, in time blocks sent 

alternately (for more details see paragraph 4.2.4.2). 
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Concerning the exposure to distant sources, it is possible to estimate the characteristics of 5G 

signals (temporal distribution and average intensities) in a theoretical case: 
 
a single beam, emitted by a base station, illuminating a user for a long time (more than 6 

minutes for example); 
 
a "worst case" exposure situation as presented in 4.3.5 and 4.3.6.1. Recall that this assumes 

that the base station sends all available energy in this single directional beam to download a 

data stream to a single user (or a group of users in close proximity to each other), and that 

this user is only receiving (not transmitting or very little). In TDD, the cell phone will therefore 

receive an "intermittent" signal for a duration Tem when the base station is transmitting in this 

beam, and then nothing more for Trepos (the mobile does not transmit). The envelope of this 

signal is therefore rectangular and periodic (signal "on - off" or in French "tout ou rien").   
During Tem the signal emitted is an OFDM modulation signal whose temporal aspect is that of 

a "noise", located in a wide frequency band around 3.5 GHz (see paragraph 4.2). Taking a 

much larger time scale and assuming that, during Tem, the tissues are illuminated by an 

electric field of average value Emoy, average power Pmoy, and assuming for simplicity that the 

signal is purely sinusoidal at 3.5 GHz (cf. Figure 23), the question that could be asked would 

be what are the possible health effects (other than the rise in temperature) with such an 

intermittent signal? 
 
3.5 GHz sinusoidal signal  
Emoy, Pmoy 

 

Tem Trepos 
 

Figure 23: Time shape of a 5G signal in TDD mode 
 

 

Measurements carried out by the ANFR and detailed in paragraph 4.3.4.3.2 show that, in this 

highly unlikely "worst case" situation, at a distance of about 100 m from the base station, Emoy is of 

the order of 6 to 9 V/m, and therefore Pmoy of the order of 0.1 to 0.2 W/m2.  
The Tem and Trepos durations can vary, depending on the 5G technical specifications, for 

example according to pairs of values as follows: Tem = 3 ms, Trepos = 1 ms, or/and Tem = 1.5 ms 

and Trepos = 0.5 ms and finally or/and Tem = 0.75 ms and Trepos = 0.25 ms. (see paragraph 

4.2.4.2.4). 

 

5.1.4 Molecular absorption, microthermal effects and "hot spots 

 

Due to the high and rapid absorption of electromagnetic power, rapid thermal diffusion can 

increase significantly at the cellular, subcellular and molecular levels, e.g., during radio 

frequency exposure, which is usually modulated (e.g., "all or nothing"). This intermittence and 

the unvarying duration of the exposure can lead to transient thermal effects in the tissues due 

to heat being passively (or actively, e.g. through the bloodstream) redistributed into the 

tissues and the surrounding environment. At the cellular level, this "heating/cooling" process 

generates a "thermal signal" in the exposed tissue. The molecular absorption mechanism 

emphasizes that all energy can be 
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« It is important to note that the temperature of the tissue can "thermalize" rapidly and not be 

stored selectively in a single mode. Some biophysical models have shown that excessive 

thermal exposures can interact with cellular systems, depending on their duration, specific 

temperature, and tissue type. There has been interest in rapid, localized temperature 

gradients that could lead to "microthermal effects" and "hot spots" (Sheppard, 2008). These 

speculations have emerged recently in connection with certain exposure conditions to 3.5 

GHz band 5G-type radiofrequency and millimeter frequencies. The term "hot spots" is also 

used in cellular and subcellular dosimetry models where it refers to regions where an 

increase in energy absorption is observed, but without an increase in temperature. The term  
« Microthermal" can also be used to refer to effects that occur when the temperature change 

is very small (e.g. 10-3 K). A biological effect observed under certain conditions is also well 

known: radar systems, pulsed radio frequency energy delivery systems or exposure to 

millimeter wave frequencies of very short duration and high intensity can induce a 

thermoelastic shock wave in the auditory system, which can produce temperature variations 

of the order of 5x10-6 K, exceeding the threshold of hearing (Lin, 2007). This effect has 

sometimes been referred to as "microwave click".  
Foster et al. (2018) proposed a model describing tissue interactions for realistic waveforms used 

in 2G mobile systems. Transient temperature fluctuations produced by a simulated GSM-like 

waveform were considered with a single occupied "slot" (pulse duration of 0.57 ms, repetition rate 

of 217 Hz, duty cycle of 0.125). In this study, the applied power flux density was 100 W/m2, which 

is more than 10 times higher than the regulatory limit values set at 1.9 GHz. The peak power 

density during the pulse was  
800 W/m2, which is extremely high, unrelated to common exposure conditions. Under these very 

high exposure conditions, however, the resulting temperature transients were extremely small 

(4x10-6 K) (Foster, 2018). The same waveform at millimeter frequencies (see next paragraph) 

could, however, produce larger temperature transients. But it seems unlikely that any waveform 

used in communication systems, including 5G, would have modulation characteristics such that 

the thermal transients produced would be significant (Foster, 2020).  

 

5.2 Reflections on possible future exposure characteristics in the 26 
GHz band 
 
 

5.2.1 Introduction 

 

In addition to the frequency bands between 0.7 and 2.1 GHz and the band around 3.5 GHz, 

the deployment of 5G is also planned, in the longer term, in the band known as  
« millimeter wave around 26 GHz (also called FR2 "Frequency Range 2" or 5G Ultra 

Wideband, or 5G mmWave), i.e. between 24.25 and 27.5 GHz. 
 
According to the promoters of 5G, this band is intended to offer "ultra" high speeds comparable to 

optical fiber (up to 10 Gbps) and low latency in 
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communications, for specific needs: high urban density, connected ports, factories and 

autonomous vehicles121 or indoor communications, in buildings. 
 
The use of the term "millimeter" comes from the fact that the wavelengths in the vacuum 
around 26 GHz are close to 10 mm. In France, the use of this band is not new since it is 
already used in several applications: satellites, microwave links between fixed sites, by the 
National Center for Space Studies (CNES), or the Ministry of the Army. As stated by Arcep, 
"the entire 24.25 to 27.5 GHz band should be made progressively available, subject to 
conditions of coexistence with radio astronomy and earth exploration services, and work is 
underway to evaluate the shared use of the 26 GHz spectrum between 5G systems and 
satellite earth stations in the 25.5 to 27 GHz-band so as to avoid a significant impact on 
coverage and 5G deployment in this band. 
 
It is in this context of coexisting uses that Arcep has consulted the various players in this 

market (operators and manufacturers) to better assess the relevance of this new 5G band 

among existing applications. The outcome of these discussions is that, for the time being, 

only the 26.5 - 27.5 GHz frequency band (i.e., 1 GHz wide) will be allocated, firstly to be 

consistent with the first national and European deployment (EU implementing decision 

2019/784122), and secondly to be compatible with American (United States and Canada) 

and Asian (South Korea and Japan) legislation and industrial developments, which have 

opted for the 28 GHz band (26.5 - 29.5 GHz) instead. Arcep has therefore authorized 14 

experimental sites over a period of three years; the first results associated with measurement 

protocols are expected by 2022. 
 
At the European level, a number of innovative projects on 5G in the  
« These projects have contributed to the technological development of 5G in the 26 GHz 

band, as well as to the associated standardization work. Whether for base stations or cell 

phones, the dimensioning and design of 5G antennas at frequencies around 26 GHz are 

indeed complex, since these antennas must be miniaturized while offering optimal reception 

and transmission performance. 
 
Among the specific exposure issues associated with millimeter waves are the possible 

propagation of radiation through the ear canal, which has a radius of 3.0 to 4.5 mm, but also 

the absorption of energy mainly in the skin or cornea of the eye, and thus a potential increase 

in the temperature of these tissues. 
 
Regarding the first question, it has been shown by Vilagosh et al. that the ear canal behaves 

like a waveguide operating below its cutoff frequency and thus preventing waves in the 18-30 

GHz band from entering it (Vilagosh et al., 2020).  
 
 

 

121 The use of the 24.25-26.65 GHz sub-band for short-range radar for automotive autonomy 
should be phased out by January 1, 2022. These applications will migrate to the 77-81 GHz frequency 
band, which is harmonized at the European Union level. (UIT-R M.1452-2)  

122 Commission Implementing Decision (EU) 2019/784 of 14 May 2019 on the harmonization of 
the 24.25-27.5 GHz frequency band for terrestrial systems for the provision of wireless broadband 
electronic communications services in the Union. 

123 https://metis-ii.5g-ppp.eu/.  

124 https://5g-mmmagic.eu/. 
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The second issue is related to the fact that, for frequencies around 26 GHz, the penetration depth 

of radiation is close to 1 mm for human skin or the cornea of the eye125 , which leads to an 

almost total attenuation at about 3 mm depth. Whether for the eye or the skin, even when rapidly 

attenuated to depth, the penetration of the waves results in a transformation of electromagnetic 

energy into thermal energy.   
The mechanism that describes the heat transfer between exposed tissue and blood can be 
modeled using the bio-heat diffusion equation (called the Pennes bio-heat transfer equation), 
which is based on the assumption that all heat transfer between tissue and blood occurs in the 
capillaries. To relate concentrated electromagnetic energy to temperature, the source term in the 
Pennes bio-heat scattering equation is defined as = SAR × (W/m3) for a continuous field, where is 
the bulk density (kg/m3) (Foster et al., 2016, Foster et al., 2020).  

The use of SAR with its standard definition 2⁄2 (where is the peak value of the electric field 
and conductivity in S/m ) beyond 6 GHz is subject to question, since as the new guidelines 
published by the Icnirp (Icnirp, 2020) remind us, for frequencies beyond 6 GHz, the main 
indicator for exposure assessment is no longer SAR but absorbed power flux density, 
because energy absorption by tissues is much more superficial. Therefore, SAR is best 
rewritten as follows (Gandhi et al., 1986; Foster et al., 2020):   

DAS = (  )T  −  /  ⁄    (3) 
   

 
with incident power density, T the transmission coefficient, energy penetration depth and distance (Foster et al., 2020). It should be noted that in the case of 
 

from a far field exposure, the incident power density can be extracted since the relationship 

between the electric and magnetic field components is simple. 
 
On the other hand, in the case of the near field, a part that will be discussed later, in the so-

called Rayleigh zone, these components are linked in a complex way and the question of the 

influence of the reactive field on the absorbed power density may arise (Colombi et al., 2018; 

Carrasco et al., 2019). 

 

Research has been initiated on the link between power density and temperature in humans: 

for example, there are a number of experimental studies in the millimeter band, but outside 

the 26 GHz band (Foster 2016). On the other hand, on the multiphysics modeling side 

(coupling between thermal and electromagnetic), there are a number of recent studies in the 

literature (Hirata et al., 2017; Laakso et al., 2017; Hirata et al., 2020; Yinliang Diao et al, 

2020; Wu et al., 2015) that highlight local temperature variations when a numerical phantom 

(realistic head and body or simplified homogeneous or multilayer models) is subjected to an 

electromagnetic excitation source ranging from 24 to 30 GHz. Most of these studies are 

based on electromagnetic simulations performed with software (commercial or in-house) 

using rigorous numerical methods called "full-waves", i.e. solving Maxwell's equations in their 

entirety (method of moments MoM, method of finite elements FEM, method of finite 

integrations FIT, method of finite differences in the time domain FDTD) Knowing that the 

dielectric properties  
 
125 The penetration depth of waves is related to their frequency, but also to the dielectric properties of 
the tissue. http://niremf.ifac.cnr.it/tissprop/htmlclie/htmlclie.php. 
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of the skin or the cornea of the eye vary very little (cf. Niremf op. cit.) in the 24 - 30 GHz 

band, the results integrating this band are included in the present analysis around the 26 

GHz frequency. 

 

In all cases, during numerical simulations, the mesh size must be sufficiently dense, fine, and 

small with respect to the wavelength to account for layers of a few millimeters (Laakso et al., 

2017; Yinliang Diao et al., 2020; Poljak et al., 2019). Otherwise, the obtained electromagnetic 

field levels are either overestimated or underestimated, due to numerical errors (Laakso et 

al., 2017). Moreover, it is also important to note that one of the difficulties related to 

multiphysics numerical simulations concerns on the one hand the control of value jumps 

between dielectric properties of the fabrics (Samaras et al., 2019; Wu et al., 2015) and on the 

other hand the control of thermal properties of the fabrics (Hirata et al., 2020; Yinliang Diao et 

al., 2020). Without the use of a mesh smoothing method, least deviations can lead to 

significant variabilities in the results (Yinliang Diao et al., 2020).  

 

The following section is divided into two parts. The first part deals with far-field exposures to 

electromagnetic fields around 26 GHz, while the second part focuses on near-field sources, 

and more specifically the influence of the reactive field in the numerical simulation results. 

The following Table 17 and Table 18 present the exposure limits recommended by the Icnirp 

(Icnirp, 2020) specifically at 26 GHz (see 4.1). 
 

Table 17: Basic Icnirp restrictions at 26 GHz Type of exposure (at 
Power density 

normalize on a surface Average time absorbed maximum  
of 4 cm²) 
 

Workers 100 W/m². 6 min 
   

Public 20 W/m². 6 min 

 

 

Table 18: Icnirp reference levels according to the type of exposure (local or whole body)  
Type of exposure Power density Averaged time 

maximum incident   
   

Workers on body 50 W/m². 30 min. 

integer 
  

   

Public on whole body 10 W/m². 30 min. 
   

Workers for a 
275 0.177 = 154.5 W/m². 

6 min 

surface of 4 cm². at 26 GHz * 
 

  

   

Public for a surface of 
55 0.177 =30.9 W/m². 6 min 

4 cm². at 26 GHz * 
 

  

   

is the frequency of the signal  
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5.2.2  Far field exposure 

 

In practice, the transmission capacities and dimensions of 5G base stations in the "millimeter" 

band (generally called "small cells") will depend on where they are integrated in urban areas 

(inside or outside a building), and may even be integrated into urban furniture (e.g., street lamps 

or bus station signs). In this context, "small cells" are divided into three sub-categories (see Table 

19) (Despoisse, 2020):   
Table 19: Characteristics of Femo-Pico-Micro-Cells 
 

 Transmitted power Coverage-Rayon Users Places 

 (W) (m)    
      

Femto- 0,001 à 0,25 10 à 100 1 à 30 Interior 

Cells      
      

Pico-Cells 0,25 à 1 100 à 200 30 à 100 Indoor/outdoor 
     

Micro- 1à10 200 à 2 000 100 à 2 000 Indoor/outdoor 

Cells      
      

 
 

Pico and micro-cell tests carried out in American cities have shown high data rates (100 Mbps over 5 

km in Janesville, Wisconsin (Ericsson126 ) or 2 Gbps over a hundred meters at MetLife Stadium in 

New York127 ). Nevertheless, they cannot be generalized because, on the one hand, in free space, 

losses are accentuated in rainy, foggy or snowy weather and, on the other hand, they were performed 

in a desert plain without any obstacle for the test in Wisconsin and without any public in the stadium in 

New York. In both cases, it is probable that the maximum power allowed between the transmitter and 

the receiver was used. Indeed, many experimental studies show that the losses by propagation and 

absorption in urban or forest areas, or in biological environments, are significant. For example, 

concerning losses in public places, we can refer to the study by Edmond et al. which shows a 

penetration loss of at least 5 dB (i.e. 70% power loss) for signals at 28.8 GHz passing through a 

hollow wall made of plasterboard a few millimeters thick (Edmond et al. , 1988), or to those of Wang et 

al. and Haneda et al. who confirm loss levels of at least 5 dB through a wooden door or even a single 

or tinted window pane a few millimeters thick (Wang et al. , 2017; Haneda et al., 2016). Regarding the 

mode of propagation and diffusion in urban environment (outdoor) or inside buildings (indoor), we can 

refer to  
à Recent studies (Kim et al., 2020; Khalily et al. , 2018; Medbo et al. , 2017; Azpilicueta et al. , 2020) 

that show through numerical modeling the complexity of field mapping and attenuation depending on 

the location of sources in the area of interest (outdoor or indoor). In the indoor case studied in (Kim et 

al., 2020), the results that took into account the propagation loss models proposed by the 3rd 

Generation Partnership Project (3GPP) consortium show that at 28 GHz, transmission losses can 

reach 73 dB depending on the arrangement of rooms and obstacles, i.e. in a non-line-of-sight (NLOS) 

propagation configuration. 
 
 
 

 

126 https://mb.cision.com/Main/15448/3195339/1307411.pdf.  

127 https://www.verizon.com/about/news/verizon-5g-ultra-wideband-service-live-13 nfl-stadium. 
 
 
 
Public consultation version page 118 / 241 March 2021



Anses ● Collective expertise report Referral n° 2019-SA-0006 "5G"  

 

Concerning the exposure of the human body to a horn antenna type radiation source, distant 

from d, in the far field, we can refer to the effective illumination surface illustrated in Figure 

24. The radius of the circular surface is then estimated by : 

r = tan (  
) (4) 

 

2    

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 24: Effective area of illumination on a plane from a radiation 
 

 

In order to estimate the illumination area of a 26 GHz wave, let us take as an example the 

experimental data used in the study by (Wang et al., 2018) shown in Figure 25 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 25: Measurement at 26 GHz and characteristics of the horn antenna used 
 

Source: Wang et al. 2018 

 
The distance between the source and the measurement point is 7.5 m ,and the horn antenna employed has an angle θ at -3 dB (cf. HPBW 
parameter in the table on the right of Figure 25) equal to 10°. Thus, according to equation (4) we obtain a radius of 65 cm, i.e. an effective circular 

illumination area 2 of 1.34 m2. Given this result and knowing that the width of a human trunk is on average 50 cm, we can conclude that a person 
will be illuminated by the plane wave over a good part of the trunk. 
 

From these experimental data, one can also estimate the incident electric field (peak value) 

as well as the equivalent incident power density using the following formulations: 
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=  √60     
= 8.5 V/m (5) 

   

        

 

= | |2 
= 0.2 W/m2 (6) 

 

        
       

According to the table in Figure 25, the gain of the horn antenna is = 24.3 dBi (i.e. 
 

= 269.15) and the supply power is 24 dBm (i.e. = 0.25 W), which is the maximum power for a femto-cell.  
= √ represents the characteristic impedance of the propagation medium, i.e. 120 Ohm 
for air ( = 1, = 1, = 8.8510−12  /  , = 4  10−7   /  ). 
 

These results suggest that the incident power density from a femto-cell antenna, under these 

experimental conditions, will be well below the recommended exposure limit value of 10 

W/m2 for a 30 min whole body exposure duration. 

 

5.2.2.1 Estimation of skin surface temperature rise 
 
As previously mentioned, the shallow penetration depth of the wave means that the 

electromagnetic energy is absorbed at the skin or eye membrane. Thus, due to the mechanism of 

convective cooling by blood flow in the skin and thermal conduction, the electromagnetic energy 

transformed into thermal energy will generate a rise in the surface temperature of the skin, which 

can be estimated analytically using the following relationship (Foster et al., 2016; Foster et al., 

2020): 

 

= 

   (7) 

    

    (  2⁄ 1+√  2 
 

  ⁄ 1) 
 
Where 1 = 1⁄ and 2 = 2 ⁄ correspond to intrinsic times characterizing convective cooling by blood flow and skin heat conduction . represents the depth of energy penetration; 

thermal conductivity, volume density, heat capacity, and perfusion parameter. 

 

Values for all of these parameters are available in (Foster et al., 2020).  
represents the absorbed power density which is related to the incident power density by the following 

relation : 

= 

(8) 

 
The transmission coefficient is close to 0.5 (Foster et al., 2020; Sasaki et al., 2017) around 

26 GHz. Note that the textile (wool or cotton) (Sacco et al., 2020) will influence the incident 

power density and thus the level of absorbed power density on the skin, which will reduce the 

transmission coefficient . 
 
Modeling results in (Foster et al., 2020; Sasaki et al., 2017) for continuous or intermittent waves 
confirm that the temperature rise at frequencies around 26 GHz, for incident power densities ranging 
from 10 W/m2 to 50 W/m2, are well below 1°C. Taking into account these elements, and based on the 
effective incident power density of 0.2 W/m2 from the previous illustrative example, it can be estimated 
that the radiation from a femto-cell antenna will involve a very small temperature rise, close to a few 
thousandths of °C. 
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Another important point to raise in the far field simulation results is the fact that it is very difficult to 

send a focused wave from a realistic antenna to a digital phantom. Indeed, the source and the 

target must be separated by a few meters; this is, for the time being, not feasible in terms of 

memory resources for a software. For this reason, far-field numerical simulations usually just use 

Dirichlet boundary conditions to impose a plane wave on one of the boundaries of the 

computational box surrounding a 3D realistic numerical phantom (Hirata et al., 2017; Laakso et 

al., 2017; Diao et al., 2016; Hirata et al., 2020). In contrast, as shown in Figure 26(a), the use of 

an "in-house" FDTD numerical code allowed Hirata's team (Hirata et al., 2017) to impose a 

circular localized beam on the surface of a simplified multi-layer model with different focus 

diameters (from 5 to 40 mm). Figure 26(b) shows the surface temperature elevation results 

normalized to sending a plane wave. In both cases (plane wave and beam), the incident power is 

10 W/m2. The results show that the absorbed power density for a diameter of 40 mm is 90% of 

that of a plane wave. The authors concluded that the temperature rise for an absorbed power 

from a 50 mm diameter beam, which would correspond to a surface area of 20 cm2 (former Icnirp 

basic restriction recommendation of 10 W/m2 for 20 cm2), will be equivalent to that generated by 

a plane wave. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(b) Ratio between the temperature rise of 
(a) Multi-layer structure illuminated by a beam 
surface from a beam and a plane wave 
 
Figure 26: Simulation of a simplified multilayer model subjected to a beam 
 
Source: Hirata 2017 

 

Considering the new recommendations of the Icnirp (Icnirp, 2020) which are based on a surface 
of 4 cm2, this situation would correspond at 26 GHz to a beam of 22 mm diameter, which is 
equivalent to 75% of the temperature rise in the case of a plane wave. 
 

5.2.2.2 Estimation of temperature rise at the surface of the eye and head 
 
In the case of the eye, and more specifically the cornea and lens, it is not possible to use the 

analytical formulation (7) since the mechanism of convective cooling by blood flow does not apply 

here. In this case, it is necessary to perform numerical simulations with one of the rigorous 

methods previously mentioned. In the literature, there is work on benchmark simulations on the 

eye (Diao et al., 2016; Wessapan et al., 2014; Poljak and Cvetkovic, 2019) but for frequencies 

below 26 GHz. Bernardi's paper (Bernardi et al., 1998) is one of the few studies that directly 

addressed the temperature rise at 30 GHz on the cornea for a wave with an incident power 

density of 10 W/m2. Although as shown in Figure 27, the phantom 
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The authors concluded that, based on the results obtained, it appears that the use of the 

exposure limit values proposed by the various electromagnetic radiation protection agencies 

results in temperature increases in the eye that are not likely to induce lens opacification, at 

least in the short term.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 27: Simulation of the temperature rise distribution over the eye for 10 W/m2 at 30 GHz (Bernardi et al., 1998)  
 

Another study (Zhao et al., 2006) addressed the exposure of the eye by a plane wave at 30 GHz, 

with an incident power density of 10 W/m2 ; but due to the lack of coupling with the Pennes 

equation for bio-diffusion of heat, only normalized SARs (cf. Figure 28) according to local masses 

could be given (impossible to average over 10 g because the mass of the eye is only 7 g). The 

authors compare their SAR result for the whole eye (17.7 . 10-2 W/kg for 7.1 g) with the limit 

value of 2 W/kg for 10 g of tissue, which was in force at the time the study was carried out. 

However, this comparison does not seem correct, since the recommendation of 2 W/kg for 10 g 

was only valid for frequencies below 6 GHz. Indeed, the Icnirp indicates that beyond 6 GHz, the 

SAR is no longer a relevant indicator to assess the level of exposure. However, the authors note 

that the SAR concentration in the cornea is higher than in other tissues of the eye, which reflects 

a concentration of energy in the cornea. 
 
 
 
 
 
 
 
 
 
 

 

Figure 28: SAR values in eye tissue at 30 GHz (10 W/m2 exposure)  
Source: Zhao et al. 2006 

 
 

The study by Laakso et al. evaluated the temperature rise of head tissues exposed to a distant, 

very high intensity source. Figure 29 shows the surface temperature distribution obtained by 

simulation on a realistic digital human head phantom (Laakso et al, 2020). Exposure to an 

intermittent uniform incident plane wave, over a duration of 5s, at a very high intensity, well 

beyond the exposure limit values, causes a non-uniform temperature rise. Indeed, at 26 GHz, the 

wavelength 
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in the tissue is close to 2 mm, which implies that the electromagnetic wave interacts with the 

facial reliefs. Thus, depending on the polarization of the incident wave, several temperature 

hotspots are formed due to multiple reflections and diffractions at the nose and other parts of 

the face. Their locations correspond to the absorption maxima of the electromagnetic power  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 29: Increase in facial temperature following exposure for 5s to a 1000 W/m2 plane wave 
Source: Laakso et al, 2020 

 

5.2.2.3 Estimation of exposure level for a 2D antenna array 
 
Although the exposure measurement performed by Wang et al. (Wang et al., 2017) was 

performed with a simple directional horn antenna, it can help to better understand the 

scenario of radiation from, for example, a 2D array of 5G antennas in the band  
« millimeter" array, which can have gains in excess of 20 dBi depending on the number of 

embedded elemental antennas. As shown in Figure 30(a), arrays consisting of 64 

elements128,129,130 (Zhang et al., 2019; Raney et al., 2018) to 256 elements (Hautcoeur et 

al., 2010) deposited on an RT-Duroid type substrate (2 < < 4) are found. Figure 30(b) shows 

the dimensional characteristics of a 2D antenna array.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
128 https://www.microwavejournal.com/articles/29486-element-reconfigurable-28-ghz-5g-active-antenna. 
 
129 https://www.mwrf.com/technologies/systems/article/21131231/knowles-precision-devices-building-
blocks-for-28ghz-small-cells.  
130 https://www.remcom.com/examples/2019/3/19/design-and-simulation-of-28-ghz-beamforming-system-
and-antenna-array-for-5g-network-base-stations. 
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(a) Example of 64 and 256 antenna arrays 
(b) Illustration of a network of N x N elements 
elements at 28 GHz and 24 GHz 
 
Figure 30: Antenna arrays in the "millimeter" band 

 
Considering that a 2D array is the superposition of two uniform linear arrays composed of N antennas, 
we can deduce that the angles at -3 dB of 2D arrays composed of 64 antennas ( = 8) and 256 
antennas ( = 16) are θ = 12.7° and θ = 6.34°, respectively. (Balanis et al., 2005), which implies (from 
equation 4) effective illumination radii of 11 cm to 20 cm.  
The size of each planar antenna is usually of the order of /2 (where = /√ is the guided wavelength) and the pitch ∆ of the array (along the x or y directions) is 
chosen to be /2 to optimize the radiation from the main lobe while minimizing the side lobes (Balanis et al. , 2005). Thus, if we consider the array as a square 
surface of dimension x with = [ + ∆( - 1)] = (2 - 1) /2 (since = ∆= /2), then the largest dimension of the antenna array is its diagonal, i.e. = √2 . For arrays of 
64 antennas (N = 8) and 256 antennas (N = 16), we get = 15 /√2 and = 31 /√2 , respectively. The distances to be in the far field are determined by applying 
the Fraunhofer 2 2⁄ . limit, i.e. 152 / and 312 / , which gives distances close to 1 m and 4 m respectively if we consider =3. 
 

Considering all the previous assumptions, Table 20 presents, for the case of a femto-cell 

antenna (with a maximum power of 0.25 W), the estimated values of the effective radius of 

illumination, electric field, absorbed power density and surface temperature at the skin, for far 

field distances of 1 m and 4 m, according to different criteria (number of antenna elements, 

gain, angle at -3 dB) (Despoisse et al., 2020). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Public consultation versionpage  124 / 241 March 
2021



 Anses ● Collective expertise report  Referral No. 2019-SA-0006 "5G 
       

 Table 20: Exposure scenarios for a femto-cell antenna 

        

  Rayon  Field Density of Temperature of  
  workforce  electric  
   

power consumption the skin  

  
of illumination  

incident  

      

 64 items,       

 
Gain =24 dB i, = 

11 cm  43.40 V/m 2.5 W/m2 45.22 m°C  
 

    ,   ° 
  

       

 (for 1 m)       

 256 elements,       

 Gain =30 dBi, 20 cm  23.4 V/m 0.72 W/m2   
 

=   ,     ° 
 13.15 m°C  

      

 (for 3.7 m)       

  Source: Despoisse et al., 2020    
 

5.2.2.4 Exposure to intermittent waves 
 
What are the consequences of exposure to intermittent waves in the "millimeter" frequency 
bands on the heat transfer mechanism? In this situation, the Icnirp recommends using 
absorbed energy instead of absorbed power density as an exposure indicator. Foster 
proposed an analytical model to estimate the temperature rise with pulse duration, which can 

be larger or smaller depending on the intrinsic time 2 characterizing skin heat conduction 
(Foster et al., 2020). Figure 31 shows the maximum temperature rises following exposure to 
waves of limited duration (10 s, 1 s, pulse) and areal energy density of 18 kJ/m2 (limit value 
recommended by the US Federal Communications Commission) and to a continuous wave of 
power density of 50 W/m2. It should be noted that although the pulses generate very high 
temperature rises, they decrease very quickly. The authors raise the question of the realistic 
effect of these peaks on the rise in skin temperature. These recent results obtained on an 
analytical model must be verified by more thorough 3D numerical simulations.   
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 31: Skin temperature rises associated with different waveforms (analytical model) 
 

Source: Foster et al., 2020 

 

5.2.3 Near field exposure 

 

Near-field exposure differs from far-field exposure in that, on the one hand, the radiation can 

no longer be considered as a plane wave and, on the other hand, the environment close to the 

antenna (hand, head, wall, etc.) creates a coupling with the 
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source, which changes the matching131 and the radiation of the antenna. Two particular 
boundaries must be distinguished in the near-field area: 
 
the so-called Rayleigh limit (distance between the source and 2⁄2 ) for which the field is reactive, i.e., the energy is stored with a significant contribution from 
the magnetic component ; 
 
the so-called Fresnel zone (distance between 2⁄2 and 2 2⁄ ) for which the field is radiative, i.e., the energy blossoms to gradually form radiation.  

For the example of the femto-cell antennas shown above, the limit 2⁄2 for a 
 

For an array of 64 antennas (N = 8) it would be 152 /4 or nearly 0.25 m and for an array of 256 antennas (N = 16) it would be 312 /4 or nearly 1 m. 
 

5.2.3.1 Contribution of the reactive field 

 
For exposures from cell phones with small antennas (see 5.2.3.2), these distance notions lose 
their meaning because, unlike antenna arrays, the largest dimension of the antenna cannot be 
defined here. Thus, for small antennas, the Rayleigh zone is defined by the factor /(2 ) (Balanis et 
al. , 2005; Colombi et al. , 2018; Carrasco et al., 2021) as in the case of a point antenna, i.e., 
nearly 2 mm around the 26 GHz frequency band. In this very close area, the 1/r2 and 1/r3 
electromagnetic field attenuation terms dominate over those in 1/r, implying that the electric and 
magnetic fields decay very rapidly. Thus, the radiated power densitý decreases very rapidly, as it 
contains terms in 1/r5. The exposure of the head or any other part of the body to a source placed 
in this area below /(2 ) is difficult to determine, because of the particularly complex coupling in this 
area. Indeed, as a first approximation one could think that the reactive part of the field will 
strongly depend on the presence of the head (Zhao et al. , 2016), but as pointed out by Colombi 
et al. the reactive part of the field actually contributes very little to the total dissipated power since 
the coupling between the head and the antenna causes a mismatch in the antenna (Colombi et 
al. , 2018). Thus, the eventual increase in this coupling is going to be compensated by the 
decrease in power caused by the mismatch of the antenna. The presence of the hand 
accentuates this phenomenon. 
 
In the studies by Colombi et al. and Carrasco et al. the authors raise the fact that this 

coupling between the reactive part of the field and the head will actually be very small, as the 

distance between the head and the miniature antennas embedded within a smartphone is 

conditioned by the thickness of the smartphone shell, which is greater than 2 mm (Colombi et 

al. , 2018; Carrasco et al., 2021). 

 

5.2.3.2 Estimating the level of exposure 
 
The 3GPP group has proposed specifications for the minimum millimeter-wave mobile 

terminal power to ensure that the transmitter-receiver power balance is satisfactory while 

limiting interference. This power is expressed as total radiated power or equivalent isotropic 

radiated power (EIRP).  
 
 
 
131 The matching of an antenna represents its ability to transfer the electrical energy communicated to 
it into radiation in the environment. 
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Radiation simulations of a cell phone with a linear array of 4- and 8-element antennas were 

performed for 28 and 39 GHz. The results show that the powers recommended by 3GPP for 

communications are compatible with the exposure limits proposed by Icnirp (Xu et al., 2019). 
 
The near field exposure level will depend on the mobile antennas integrated in the future 

smartphones. As shown in Figure 32, the proposed antenna designs are generally planar 

antenna array cells sometimes 
 
à Based on slotted patterns deposited on an RT-Duroid type substrate. Since the assembly 

has to be integrated in a miniaturized environment, the number of folded planar antennas is 

limited to a few elements for a few centimeters in length (Curtis et al. , 2016). This allows 

gains close to 10 dBi (Navqi et al. , 2019 and 2020; Mantash et al. , 2020) with radiation 

patterns close to a quasi-omnidirectional emission, which gives the possibility to receive the 

maximum energy from the base stations at several incidence angles. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 32: Illustrations for future antenna locations (Curtis)(Morelli) 
 

 

A number of studies (Colombi et al. , 2018; Tooba et al. , 2018;Hirata et al. , 2017; Wang et 

al. , 2018; Ojaroudi et al. , 2019; Morimoto et al. 2016 and 2017), including a very recent one 

(Morelli et al. , 2021), have calculated the near-field absorbed power from a 26 GHz antenna 

array (dipole, patch, or slot-patterned) a few millimeters away from a multilayer digital 

phantom (Colombi et al. 2018; Tooba et al. 2018;Hirata et al. 2017; Wang et al. 2018) or 

more realistic (Ojaroudi et al. 2019; Morimoto et al. 2016 and 2017; Morelli et al. 2021). 

Morelli's results show that for all exposure scenarios considered, the absorbed power density 

values are very low. Electric field penetration depth calculations showed that electromagnetic 

energy is rapidly absorbed in the epidermis and dermis. High values of maximum local SAR, 

localized at the skin level, are observed, as well as small differences between adults and 

children. 

 

5.2.4 Conclusions 

 

Exposure to electromagnetic fields from 5G applications in the 26 GHz band differs from the 3.5 

GHz band in that the penetration depth of the waves is on the order of a millimeter, resulting in 

superficial exposure to the skin or eye. Estimates from experimental data and simulations 

concerning exposure to distant sources (distances of several meters) indicate that the power 

densities absorbed at the level of the skin will be low and will cause only very small temperature 

increases. Concerning the exposure to close sources (by 
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For example cell phones), the electromagnetic simulations performed to study the coupling 

between the head or hands and the miniature integrated antennas suggest that the exposure 

levels should be low. All these results will have to be confirmed by e.g. experimental data 

from the 14 test sites that Arcep has authorized over a period of 3 years and for which the 

first results are expected by 2022. 
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 6Health effects  related to exposure to 
electromagnetic fields emitted by 5G technology   
 

 

6.1 Evaluation Method 
 

6.1.1 Different approaches depending on the frequency band considered   
 

The deployment of 5G technology is planned in different frequency bands. During the course of this 

work, the two frequency bands initially planned in the deployment plans of mobile operators and 

other industrial players of 5G, around 3.5 GHz and 26 GHz, were added in late 2020 the 

frequencies located in the bands around 700 and 2100 MHz (700, 800.0 1800 and 2100 MHz 

bands), already used for mobile telephony 3G and 4G in particular. This choice of mobile operators 

is explained in particular by the possibility of reusing existing antennas, in order to quickly ensure 

sufficient coverage of the territory, but at the expense of the very high speed announced with 5G, 

which will be made possible by using active antenna technologies and wider frequency bands 

allowed around 3.5 GHz. 

 
 

It should be noted that there are very few studies dedicated to new 5G frequency bands. 

Therefore, the working group looked at broader frequency bands than those planned for 5G 

deployment. 
 
For the study of possible health effects in the 700-2,500 MHz band, the working group relied on 

previous Anses expert reports on the health effects of radio frequency electromagnetic fields 

(Anses, 2013 and 2016) and on recent international expert reports. It should also be noted that 

an expert report on the carcinogenic effects of radiofrequencies is currently being prepared by 

the Anses (all frequency bands combined). 
 
For the 3.5 GHz band specifically, there is only a very small number of scientific publications 

studying possible health effects in this frequency range. Therefore, the possibility of using the 

results of studies obtained at neighbouring frequencies has been studied. A study of the impact 

of frequency on physiological/biological responses in humans and animals in the frequency 

bands close to mobile telephony (900 MHz - 2.5 GHz, for which there is an abundance of 

literature) was thus carried out, and is presented in paragraph 6.3.2. The working group's 

conclusions concerning the possible health effects of exposure to electromagnetic fields in the 

band around 3.5 GHz are therefore based on these two types of data: the few scientific studies 

available (3.5 GHz band) and the reflection on the impact of frequency on observed biological 

or physiological effects (900 MHz - 2.5 GHz band). 
 
Finally, concerning the frequency band around 26 GHz, the working group considered all 

publications using frequencies between 18 and 100 GHz. The studies conducted in this 

frequency band are notably related to radar technologies or therapeutic devices. 
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Table 21 below summarizes the expertise of the working group according to the frequency 

bands considered. 
 
 

Table 21: Assessment methods according to the frequency bands considered 
 

Frequencies Comments  Evaluation method 
   

700 - 2500 MHz band Knowledge of deployment Relying on expertise 

 in this band in progress previous Anses and complete with 

 of expertise  the most recent expertise in 

   Abroad     
   

3.5 GHz band Very few publications in Take note of the few 

 scientific literature  available publications.   

   Reflection on the impact of the 

   frequency on the  answers 

   physiological/biological at 

   the human and the animal in the bands 

   frequencies close to the 

   telephony mobile (900 MHz- 

   2.5 GHz) for which there is a 

   consistent literature)   
   

26 GHz band Some publications in the Attempt to assess the level of 

 scientific literature, to of proof     
 frequencies and for of      

 a wide range of 
applications 

      

        
 

 

6.1.2 Collection of  scientific literature for the frequency bands around 3.5 GHz and 26 
GHz 

 

For the frequency bands around 3.5 GHz and 26 GHz, this report is based on an analysis of 

the available international scientific literature on the biological and health effects of exposure 

to electromagnetic fields in these frequency bands used by 5G technologies. To do this, a 

bibliographic search was carried out, taking into account different sources of data: 
 
publications from the bibliographic research implemented by the working group;  
publications from the bibliography of the interim report of the Anses 
 
(Anses, 2019);  
publications from the Mattson review bibliography (Mattson, 2020);  
publications submitted by members of the Radiofrequency and Health Dialogue Committee. 
 
The main effects discussed for the frequency bands around 3.5 GHz and 26 GHz concern 

skin, eye, nervous system, membranes and genotoxicity. 

 

6.1.2.1 Reference period 
 
The literature search was conducted for the period from January 2012 to July 2020. Some 

key studies published from July 2020 to March 2021 were also included when they were 

deemed relevant and of satisfactory quality. In addition, the experts were able to 
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include in the bibliography any studies published before 2012 if this seemed necessary, in 

particular to present a state of the art in the introductory sections of the chapters on health 

effects. 

 

6.1.2.2 Search engines 
 
The search engines used during this expertise are Scopus (http://www.scopus.com/home.url) 

and PubMed.   
Scopus is a tool for searching a multidisciplinary scientific bibliographic database of 

biological, medical and humanities and social sciences publications. PubMed is a search 

engine focused on medical and life sciences publications. 

 

6.1.2.3 Typology of the documents appraised 

 
The documents taken into account in the expertise are articles and scientific reviews 

published in English or French in peer-reviewed journals, without prejudging their impact 

factor. 
 
Descriptive or narrative reviews, which consist of a synthesis of all the studies published on a 

given subject over a defined period of time, were not analyzed. 

 

6.1.2.4 Bibliography 
 
First, the working group listed, on the basis of expert opinions, all the key words associated 
with the possible health effects related to exposure to 5G technologies. This allowed to 
define, beyond the general health effects, several categories of health effects to be 
investigated. 

 

6.1.3 A collective analysis 

 

The experts of the working group collectively analyzed and discussed the identified articles. 
 
Each article was selected on the basis of its title and abstract to assess its relevance to the 

issue addressed. The selected articles were then analyzed in detail by two experts, and a 

third expert, competent to judge the quality of the exposure system, completed the critical 

analysis of each article. These analyses were then sorted according to the type of effect 

studied and discussed in plenary meetings, in order to collectively assess the level of 

methodological quality of the publication. 

 

6.1.4 Quality criteria for the analysis of studies and presentation of results 

 

In analyzing the publications, the experts excluded those with major methodological 

weaknesses, such as overly large confounding factors not accounted for or inadequate 

exposure systems. 
 
The results of the studies selected by the experts of the working group for the assessment of 

the health effects of 5G technologies are presented in a succinct manner for each effect 

studied. 
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6.1.5 Assessment of the level of evidence of a given health or biological effect for 
the 26 GHz band 

 

It is important in this level of evidence assessment to distinguish between biological and 

health effects. Studies describing biological effects contribute to the evaluation of the level of 

evidence of the observed health effects, for example by providing a mechanistic explanation. 

It should be remembered that biological effects are biochemical or physiological changes that 

are induced in a cell, tissue or organism in response to an external stimulus. A biological 

effect is within the limits of the biological system's ability to maintain the equilibrium of its 

internal environment despite external constraints (called homeostasis) and is usually 

reversible. The existence of a biological effect, a fortiori observed under experimental 

conditions, does not necessarily mean that damage will ensue, and even less that it will 

result in an effect on health. Indeed, the human body is permanently subjected to a set of 

internal and external stimuli and a biological effect may simply manifest the normal adaptive 

response of the cell, tissue or organism to this stimulation. A health effect occurs only when 

the biological effects exceed the adaptive limits of the biological system considered. It goes 

beyond the scope of physiological adaptive responses under the action of the external agent, 

homeostasis cannot take place.   
For a given health effect, all available studies on animal models are considered through the 

following flow chart (see Figure 33), in order to characterize the evidence for the link between 

exposure to 5G and the effect considered. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 33: Flow chart for evaluating evidence for a given effect in animal model studies 
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The data for the effect studied for the laboratory animal are categorized as follows. 
 
Sufficient evidence for an effect: a causal relationship has been established between the 

exposure to 5G under consideration and the effect studied (a) in two or more animal species; 

or (b) in two or more separate studies involving the same species, conducted at different 

times, or in different laboratories, or using different protocols.   
Limited evidence for an effect: available evidence suggests an effect, but is limited and 

does not allow for a definitive assessment because: (a) the evidence for effect is limited to a 

single experiment but one whose protocol was judged to be of good quality without major 

methodological limitations; or (b) several good-quality studies show converging results but 

questions remain regarding the appropriateness of the protocol, conduct, or interpretation of 

the data; or the incidence of the observed effect may be naturally high in some strains. 
 
The available evidence does not allow to conclude whether or not an effect exists: the 

studies cannot be interpreted as proving the presence or absence of the studied effect, 

because: a) there is only one study, which does not show an effect b) several available 

studies do not show an effect but they were not performed in at least 2 animal species, or c) 

they have important qualitative or quantitative weaknesses. 
 
The available data show no effect: a sufficient number of studies are available, involving at 

least two species, which show, in a convergent manner and within the limits of the 

experiments carried out, that the 5G technology considered has no effect. When the 

information obtained suggests an "absence of effect", this conclusion can only be applied to 

the effect studied, the radio frequencies considered, the conditions and levels of exposure 

and the duration of observation taken into account in the studies. 

 

6.2 Possible effects of exposure to radio frequency fields in the 700 - 
2500 MHz band 
 
 

6.2.1 Introduction 

 

Part of the 5G deployment in the "lower" frequencies will use, in addition to the band around 

3.5 GHz, at least one or more lower frequencies, between 700 MHz and 2500 MHz. While 

there is very little scientific literature for the specific band around 3.5 GHz, and none, using a 

5G-like signal, for the lower frequencies, there has been an extensive literature available for 

about 30 years on both humans (challenge studies132 , epidemiological studies) and animals 

as well as on cell cultures (in vitro, from human or animal cells). 
 
Anses published a report on "Radiofrequencies and Health" in 2013 (Anses, 2013) and a report 

on "Radiofrequencies and Children's Health" in 2016 (Anses, 2016). These reports review the 

state of knowledge in many areas (see below the list of 
 

 
132 Challenge studies are often considered the best way to demonstrate, in the laboratory, the 
existence of a causal link between exposure to electromagnetic fields and the occurrence and persistence 
of symptoms. 
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effects studied, in Section 6.2.2) from literature prior to 2013 for adult data and 2016 for 

pediatric and developmental studies. 
 
The purpose of this chapter is to briefly propose a state of the art since 2016 based on recent 

international reports targeting the effects of radio frequencies in the bands used for 

information and communication technologies (2G, 3G, 4G, Wi-Fi) in Europe and Switzerland, 

i.e. 835 - 2 500 MHz. Although the 700 MHz band is mentioned in the report of the Health 

Council of the Netherlands (see 6.2.3), it has so far been the subject of only a few 

publications, and its biological or physiological effects on human or animal health have been 

little or not explored at all. The question also arises as to whether the findings in the 835 MHz 

- 2500 MHz band can be extrapolated to the 700 MHz band. This is discussed in section 

6.3.2.   
Thus, this chapter presents the main elements and conclusions brought by three Swedish 

reports published in 2018, 2019, and 2020, a Dutch report published in 2020, a Spanish 

report, and a Swiss report published in 2019. 

 

6.2.2 Swedish annual reports "Recent research on EMF and health risk" by SSM's 
scientific council on electromagnetic fields 2018, 2019, 2020 

 

Based on a review of the scientific literature from 2016 to 2020, these 3 reports target all 

electromagnetic waves and are each divided into 4 parts: static fields (0 Hz), extremely low 

frequencies (0 - 300 Hz), intermediate frequencies (300 Hz - 10 MHz), and radio frequencies. 

For the present chapter, only the parts devoted to radio frequencies are considered, i.e. the 

range (10 MHz - 300 GHz), but the vast majority of studies concern the range from 835 MHz 

to 2.5 GHz. Within each section, the following studies are considered: i) in vitro cellular 

studies, ii) animal studies, iii) human challenge studies and iv) epidemiological studies. 
 
As before (see Anses Reports 2013, 2016), the main effects investigated in humans are: 

cancer; behavior, cognition, memory; reproduction and fertility (epidemiological studies); 

brain activity and electroencephalogram (EEG, wake and sleep); electrohypersensitivity and 

the symptoms described (challenge studies). In animals, the effects studied mainly concern 

the brain (behavior, cognition, memory), oxidative stress, genotoxicity, and carcinogenesis. 

Finally, cellular studies are focused on cell death by apoptosis, oxidative stress and 

genotoxicity using cells from animal and sometimes human tissues. 
 
In vitro cellular studies 
 
As in previous reports, a number of studies were not included for methodological reasons. 

Also as in previous reports, most of the 25 included studies did not report an effect, except in 

a few cases where oxidative stress parameters were affected. The type of cells seems to 

play a role in the appearance of these effects. Moreover, for high SAR values (4 W/kg), some 

cellular effects have been demonstrated (e.g. DNA damage and formation of oxygenated free 

radicals [spermatocytes], morphology of cortical neurons). These new studies confirm that 

exposure to radiofrequencies is capable of modulating (increasing or decreasing) the effects 

induced by toxic, chemical or physical agents (ionizing radiation [gamma, X], mutagenic 

agents). 
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Animal studies 
 
As in previous reports, the 72 studies reviewed and retained cover many endpoints, 

particularly for the brain studies. Also as in previous reports, the results of the behavioral and 

memory studies are inconsistent, with alterations in memory or exploration, or no change for 

similar exposures. For example, one study shows changes indicative of brain damage, a 

reduction in long-term memory after 15 min of RF exposure. Two other studies did not show 

such effects in young or old rats after 4 weeks of exposure. Finally, two studies show 

beneficial effects of radiofrequencies, the first on memory tested by object recognition and 

the second on cognition in a transgenic mouse model of Alzheimer's disease. Moreover, 

these effects of radio frequencies on cognition appear sometimes for very low (14-179 

mW/kg) or very high (7 W/kg) SARs, while an absence of effect is observed at intermediate 

SARs (0.2-3.3 W/kg). Anxiety increased in two out of three studies. Effects were also 

observed on neurotransmission and signaling pathways in the cortex and hippocampus, but 

again, the relationship with exposure level is unclear.   
For cancer effects of RF, the National Toxicology Program (NTP) study mostly reports no 

significant association with RF, except for cardiac schwannoma in male rats, which also 

appears in the Falcioni study (Falcioni et al., 2018). These studies do not clearly indicate a 

potential carcinogenic effect of RF in humans. 
 
Several studies show alterations in brain gene expression for a SAR of 4 W/kg, raising the 

question of thermal effects. Exploration of oxidative stress and/or cell death by apoptosis 

frequently shows an increase in the brain and other tissues (eye, testicles, sciatic nerve), in 

contrast to studies prior to 2016, and this is seen even at low exposure levels. In studies 

exposing animals for varying durations, oxidative stress is reduced after the longest 

exposures. 
 
Finally, prenatal exposure affects the reproductive system of males and females (SAR = 0.05 

W/kg). As in the previous studies, in the testicles, radio frequencies induce a decrease in the 

number of spermatozoa and their viability, accompanied by a decrease in circulating 

testosterone levels. 
 
The SSM points out in 2020 the need for systematic reviews of studies on oxidative stress 

and fertility in males before concluding on a possible effect on human health. 
 
 

Challenge studies in humans 
 
16 studies and 2 reviews were listed. No effect on cognition or symptoms (e.g. fatigue, pain, 

headaches, ...) was reported, confirming previous studies. One study indicates an effect of 

radiofrequencies on the macrostructure of sleep, in particular REM sleep, requiring 

confirmation. For the waking EEG, the results are inconsistent (effect or not on α and β 

waves, or effect on β and δ waves). One study shows no effect of radiofrequencies on visual 

evoked potentials, the 2nd shows that modulation of the signal at 40 Hz affects the EEG, the 
3rd study on a small number of electrohypersensitive subjects (EHS) does not show any 

alteration of the autonomic nervous system. In their 2020 report, the 4 studies identified 

concerning EHS, the autonomic nervous system and pain show no effect of radiofrequencies 

and confirm the absence of deleterious effects in the short term. 
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Finally, the 2 reviews published in 2017-2018 targeting brain function (Zhang et al., 2017) on 

the one hand, and attention (Curcio, 2018) on the other hand, point to inconsistent results 

and thus do not show a deleterious effect of RF on health. 
 
Epidemiological studies; 
 
73 studies and 5 meta-analyses on cancer (2016-2017) were analyzed.   
According to the authors, the 5 meta-analyses (2016-2017) do not help to clarify the debate 

on tumor risk and cell phones, the incidence remains constant, increases have been reported 

for specific tumors and decreases in others, which could be related to changes in 

categorization of different types of tumors and improved diagnosis. Furthermore, the results 

of recent studies are not consistent, pointing mainly to the lack of association between RF 

and cancer and, as in previous reports on telephone use and brain tumor occurrence, the 

hypothesis of an increase in incidence is not confirmed. The incidence studies show changes 

in diagnosis and classification. This would in fact be a change in the coding of tumors over 

time (improved imaging techniques). For example, in the United States, the increase in the 

incidence of glioblastoma on the one hand and the decrease in the incidence of other brain 

tumors on the other, which would therefore correspond to a "protective" or risk effect 

depending on the type of tumor, are not in favor of a role for the radiofrequencies emitted by 

cell phones. There is therefore little evidence of a change in incidence and risk. 
 
Studies on male fertility do not allow to associate fertility or sperm quality problems to 

radiofrequencies, because no measurement of the exposure at the testicular level has been 

made, only the use of the telephone has been considered. Other causal factors such as lack 

of physical activity or stress cannot be ruled out. This is an important limitation of the studies. 
 
New studies of cell phone and other electronic media use in relation to quality of life, health, 

sleep, cognitive function and behavior in children and adolescents often report associations. 

The underlying causes are difficult to elucidate. They might not be related to radio 

frequencies but rather to the uses (texting, gaming) or the deterioration of sleep (anxiety, 

respiratory disorders) where associations have been highlighted. Thus, some studies 

propose blue light, nocturnal awakenings or addictive behaviors as causal factors. Finally, 

two studies show positive and negative effects on children's development in relation to the 

mother's use of the telephone during pregnancy, again suggesting that other factors are at 

play. This could be different for cognitive performance (decreased verbal memory 

performance) where a stronger association was found with RF exposure than use (one 

study), but not confirmed by other studies in children and adolescents. Similarly, a Swiss 

study gives indications of an effect of RF on cognitive functions, which needs to be 

confirmed. 
 
With respect to EHS, no leads identifying physiological characteristics of EHS that could help 

in the diagnosis have been found.   
Finally, as always, the members of the SSM board point out that the quality of the studies is very 

heterogeneous, many studies have been excluded, and the absence of international standards to 

improve the quality of published studies and the peer-review system of the journals is still to be 

noted. The report underlines that the publication of poor quality studies, which can frighten the 

population, can have an impact on their health and their 
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well-being, justifying that only studies of good methodological quality should be funded, 

conducted and published. 
 
In conclusion of the 3 reports 
 
Studies conducted since 2016 on the possible effects of radio frequencies in the band 835 - 

2500 MHz seem to confirm, in humans, an absence of association between radio frequencies 

and cancer (adult, child) especially with regard to brain tumors. Similarly, for the effects of 

radiofrequencies on behavior, cognition, memory and attention, particularly in children and 

adolescents, there is no association. On the other hand, the deleterious consequences of the 

use of information and communication tools deserve to be further explored. The same is true 

for electro-hypersensitivity and the appearance of symptoms for which no association or 

obvious link has been shown with exposure to radiofrequencies.   
In animals, behavioral effects and effects on memory are still inconsistent. The effects on 

oxidative stress or genotoxicity are also contradictory, but are regularly reported and could 

depend on the targeted organ. Finally, a decrease in fertility and certain markers in male 

animals has been found as before, while in humans, studies do not allow to associate 

radiofrequencies with a decrease in fertility. 
 
Finally, at the cellular level, the reports point out the poor quality of many studies and the 
need for systematic reviews, particularly on the effects of radiofrequencies on genotoxicity 

and oxidative stress, for which an effect of radiofrequencies is regularly described.  
 

6.2.3Report of  the Health Council of the Netherlands 2020 "5G and Health" 
(Background document to the advisory report 5G and health, N° 2020/16e - The 
Hague, 2 September 2020) 

 

The House of Representatives of the Dutch Parliament has asked the Dutch Health Council 

for an analysis on exposure to 5G. The committee states that the deployment of 5G networks 

is just beginning, so exposure is unknown and risk assessment is difficult. Furthermore, it 

notes that a detailed analysis of the science is needed and refers to the World Health 

Organization (WHO) analysis scheduled for 2022. However, the committee states that the 

frequencies of 2G, 3G and 4G, as well as Wi-Fi, are close to those used by 5G and that, in 

these frequencies, no health risk is known. 
 
Thus, in the range 700 - 2 200 MHz, this document is positioned on the health effects on 

several organs and systems. It considers that no effect is found on the cardiovascular 

system, the auditory system, the eyes, the autonomic nervous system, symptoms, 

neurodegenerative diseases, male fertility, the immune system or hormones. 
 
Possible effects include cancer, pregnancy, alterations in embryonic development, behavior, 

cognition, sleep, neurotransmitters, the blood-brain barrier, neurodegeneration, gene 

expression in the brain, and oxidative stress. 
 
It should be noted that this report clearly isolates this frequency band but that an analysis of 

the literature used shows that at the experimental level and in animals, there is no 
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studies at 700 MHz and that most epidemiological studies are concerned with exposure to 

"mobile telephony" of which 700 MHz could be a part. 
 
The following paragraphs set out the Council's conclusions regarding the various bodies and 

systems. 
 
Cancer 
 
In previous reports, the commission concluded that an association between frequent and 

long-term use of cell phones and an increased risk of tumors in the head and neck region 

could not be proven or excluded. Recent studies do not lead to a different conclusion. 

Nineteen epidemiological studies and 4 experimental animal studies were analyzed. Thirteen 

epidemiological studies showed no association, five showed an unfavorable association, and 

one showed a favorable association. One animal study showed no effect on implanted brain 

tumors, one study showed an adverse effect on cardiac schwannomas, brain tumors, and 

adrenal tumors, one study showed an adverse effect on schwannomas, and one study 

showed a favorable effect.   
Symptoms 
 
In 28 epidemiological studies, it was investigated whether the use of a cell phone or living near a 

base station is associated with reported symptoms. In 10 of these studies, no association was 

observed, and 18 studies found an association between living location and symptom occurrence. 

In 35 of the 36 experimental studies in humans, no effect of RF exposure on symptom occurrence 

was observed. Therefore, no relationship was found between exposure to RF electromagnetic 

fields and the occurrence of symptoms such as headaches, insomnia, concentration problems, 

tinnitus and skin rashes. 
 
Hearing system 
 
No effects were observed in 6 epidemiological studies, 10 human experimental studies and 7 

animal studies. In 2 animal studies, an increase in evoked potentials was observed in treated 

animals. 
 
The commission concludes that for the frequency range of 700 to 2,200 MHz, no adverse 

effects on the auditory system have been observed. 
 
Eyes 
 
No effect on vision was observed in 4 experimental studies in humans. In one animal study, 

increased expression of two genes involved in programmed cell death (apoptosis) was 

observed in eye tissue. The committee considers that the data on the involvement of radio 

frequencies in the 700 - 2 200 MHz band for damage to the eye are not conclusive. 
 
Cardiovascular and autonomic nervous system 
 
One epidemiological study found an increased risk of ischemic heart disease associated with 

daily cell phone use. In 20 human experimental studies, no effect was observed, 3 studies 

showed an adverse effect on heart rate changes, and 1 study showed an effect that was not 

clearly favorable or adverse (a transient increase in blood flow in the skin was found). The 

committee concludes that no effects of exposure to radiofrequency electromagnetic fields on 

the cardiovascular and autonomic nervous systems were found in the frequency range of 700 

to 2200 MHz. 
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Neurodegenerative diseases 
 
An epidemiological study has been published that found an increased risk of amyotrophic lateral 

sclerosis. Due to the limited amount of data, it is not possible to establish a relationship between 

exposure to the 700 - 2200 MHz band and neurodegenerative diseases. 
 
Fertility 
 
No effect on male fertility was observed in 5 animal studies; in 1 study adverse effects were 

observed, in 2 studies a favorable effect, and in 2 studies 
 
à both favourable and unfavourable effects. The committee concludes, based on the animal 

studies, that no relationship can be established. 
 
For female fertility, in one epidemiological study, an adverse effect was observed (decrease 

in the duration of pregnancy). In 7 animal studies, no effect was found, and in 1 study, an 

adverse effect was observed (reduction in the number of nerve cells in the hippocampus of 

newborns). The committee concludes that adverse effects of exposure to radiofrequency 

electromagnetic fields during pregnancy, on the course of pregnancy, on congenital 

malformations and on early development are possible. 
 
Behavior 
 
In 3 of 9 epidemiological studies, no relationship was observed. In 5 other epidemiological 

studies, adverse effects were observed and in 1 study a favorable effect was observed. In 16 

animal studies, no effect on behavior was observed, in 8 studies an adverse effect was 

observed, in 3 studies a favorable effect was observed, and in 2 studies a favorable and an 

adverse effect were observed. The committee concluded that effects (favourable and 

unfavourable) cannot be excluded and that an effect is possible. 
 
Cognition 
 
Two of the 11 epidemiological studies showed no association, 4 showed an unfavorable 

association, 2 showed a favorable association, 2 showed a favorable and unfavorable 

association, and 1 showed an association that was not clearly favorable or unfavorable. In 31 

experimental studies on humans, no effect was found, in 7 an unfavorable effect and in 8 a 

favorable effect. Of the 24 animal studies, 14 showed no effect, 9 an unfavourable effect and 

1 a favourable effect. The commission concludes that both a favourable and an unfavourable 

effect are possible. 
 
Sleep 
 
Of the 21 epidemiological studies that were identified, 12 showed no association between RF 

exposure and sleep, 6 showed an unfavorable association, 2 showed a favorable 

association, and 1 showed an association that could be both favorable and unfavorable. In 

12 experimental studies in human volunteers, no effect was found, while in 14 studies an 

effect was found. The committee concludes that an effect is possible. 
 
Cerebral neurotransmission 
 
In 2 animal studies, no effect was found, in 8 an adverse effect was found. Two other studies 

show effects that are not clearly favorable or unfavorable. The commission concludes that 

radiofrequency electromagnetic fields can have an effect on brain neurotransmission. 
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Electrical activity of the brain 
 
For the frequency range 700 - 2,200 MHz, 23 experimental studies on humans were evaluated, 

no effect on the electrical activity of the brain was observed, and in 41 studies effects that are not 

clearly favorable or unfavorable were observed. In 4 animal studies, no effects were found, and in 

5 studies, effects that were not clearly favorable or unfavorable were found. The committee's 

conclusion is that an effect is likely, but it is not clear whether the effects are favorable or 

unfavorable. 
  
Blood-brain barrier 
 
There is one epidemiological study that found no association between RF exposure between 

700 and 2200 MHz and the blood-brain barrier. Eighteen animal studies showed no effects, 

in 2 studies an effect was not clearly favorable or unfavorable, and in 6 studies an 

unfavorable effect was shown. The committee concludes that no unequivocal effect was 

found. The conclusion is that an effect is possible. 
 
Neurodegeneration 
 
In 4 of 13 animal studies, no effect was found on neurodegeneration of brain tissue. In 8 

studies, an increase in neurodegeneration was found and in 1 study, both favorable and 

unfavorable effects were observed. The conclusion is that effects are possible. 
 
Gene expression in the brain 
 
No effect on gene expression in brain tissue was found in 17 animal studies. In 16 studies, a 

possible adverse effect was found, and in 5 studies, an effect that was not clearly favorable 

or adverse was observed (e.g., increased or decreased expression of neuroinflammatory 

genes). The committee concludes that effects on gene expression in brain tissue that may 

lead to adverse health effects are possible. 
 
Immune system 
 
In 3 human and 7 animal studies, no effects on the immune system were observed. In 2 

other animal studies, adverse effects on the immune system were observed. Despite these 

animal studies, the committee concludes that no adverse effects on the immune system were 

observed. 
 
Blood 
 
In two of the three animal studies on the effects of exposure to electromagnetic fields on 

blood components, an adverse effect was found, in the third a favorable effect. The 

conclusion is that an effect is possible. 
 
Hormones 
 
In 7 experimental studies on humans, no effect on hormone levels was found. 
 
Oxidative stress 
 
In 9 animal studies, no effect on oxidative stress was found, in 22 studies an increased level 

of oxidative stress was observed, and in 1 study the oxidative stress markers showed 

variations depending on the time of exposure, the marker considered and the structure 

analyzed. The committee concludes that an increased level of oxidative stress after exposure 

to radiofrequency electromagnetic fields is possible. 
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À Based on the document detailed above, the Dutch Health Council issued a short advisory 

report and an executive summary.133 With respect to the 700 - 2500 MHz band, the 

committee's recommendations to the Dutch Parliament state that, given that the frequency 

bands up to 3.5 GHz have already been used for telecommunications and Wi-Fi for years, 

the committee sees no reason to stop or restrict their use. It does, however, recommend that 

exposure be monitored and that further research be conducted into the relationship between 

exposure to 5G frequencies and cancer incidence, reduced male fertility, poor pregnancy 

outcomes and birth defects.   
It should be noted that this text is supposed to take up the elements developed in the report 

entitled Background document (see above). 

 

6.2.4 Other reports 

 

Two other less informative reports considering the 700 - 2200 MHz band have been 

published recently: 
 
Report of the Comité Científico Asesor de Radiofrecuencias y Salud (Spain), 2019 
 
The report of the Comité Científico Asesor de Radiofrecuencias y Salud (CCARS) concerns 

the 3.5 GHz band. The discussion is mainly about exposure, less about health effects. 
 
The discussion on exposure refers to the exposure limit values established by the Icnirp and 

adopted by Spain in 2018. The report states that the measurements carried out since then 

show that the average electromagnetic field is between 0.08 V/m and 1.8 V/m, with less than 

1% of measurements above 6 V/m and less than 0.1% above 20 V/m. For children, they are 

exposed to higher levels in cities, but their total exposure is well below the reference limits. 

Cell phone antennas contribute the most to the total exposure, followed by radio and TV 

antennas (mainly FM frequencies). Wi-Fi and cordless phones contribute little. They consider 

that the combination of a massive MIMO and TDD transmission mode used by 5G makes it 

virtually unlikely that the maximum power from an antenna could be produced in a sustained 

manner, for tens of seconds or minutes, in the same direction. 
 
They suggest establishing a statistical approach and describe experimental studies based on 

such an approach with a series of previously published simulations. For example, the exposure 

emitted by an ultra-dense 5G wireless network of nodes embedded in a floor (ATTOS-cell floor 

system) was calculated to be 4.9 mW/kg, reaching 7.6 mW/kg in 5% of cases. Another study, 

which simulates a 5G system with massive MIMO, observes that in practice the maximum values 

are between 7 and 22% of the theoretical maximums. Terminals constantly adapt the power to 

the minimum required to ensure communication and thus extend the life of the batteries. In 

general, it remains below 1% of the maximum available output power. Recently, Australian 

operator Telstra announced that it had conducted a series of tests to assess exposure levels to 

5G emissions in real-world environments using commercial equipment. According to the study, 

exposure levels are about 1,000 times below safe limits 
 
 
 
 

133 No. 2020/16, The Hague, September 2, 2020. 
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and all tests have shown that exposure levels to 5G are on par with previous technologies. 
 
The committee considers that any biological effects are exclusively thermal, and that these 

effects are negligible at typical levels of personal exposure. They conclude that, based on the 

available scientific evidence, predictable exposure levels are not expected to change 

significantly and therefore do not affect the health of the population. There is no specific 

reference to a particular frequency band in this report.  
 
Report published by the Mobile Telephony and Radiation Working Group, Switzerland, 
2 November 2019 
 
This report was prepared on behalf of the Federal Department of the Environment, Transport, 

Energy and Communications (DETEC). This report was based on the findings in the Hug et 

al. report (2014) regarding health related to cell phone use. An assessment of the level of 

evidence was made using the new studies (since 2014). The review of the scientific literature 

published since then takes into account previously published expert reports on tumors 

caused by cell phone use and transmitting stations, health status and symptoms due to daily 

cell phone exposure, behavioral effects in children and adolescents with prenatal exposure, 

fetal cognitive functions in relation to intensive cell phone use by the mother during 

pregnancy, sperm quality, and the influence of exposure on brain waves. This report gives an 

overall presentation without breakdown by frequency or protocol, so it cannot provide any 

information on health effects in the 700 - 2200 MHz band. 

 

6.2.5 Conclusion 

 

The results of previous studies conducted by Anses on the health effects of RF exposure are 

relevant for 5G in the 700 - 2500 MHz band, although no study specifically addresses the 

700 MHz frequency. Furthermore, environmental exposure levels are likely to be comparable 

between 5G and previous cell phone technologies in the 700 - 2500 MHz frequency range. 
 
It is necessary to emphasize that all the reports published by other organizations abroad note the 

lack of data, its dispersion and low quality. These reports also mention a possible publication bias 

in the production of data, as the results of some studies, especially those showing no effect, are 

difficult to publish. Although the 700 MHz band is mentioned in several reports, scientific data 

specifically concerning this band are practically non-existent. 

 

6.3 Possible effects of exposure to radio frequency fields in the 3.5 GHz 
band 
 
 

6.3.1Analysis of  publications from the bibliographic search 

 

Very few studies have been published on the physiological or biological effects of a 3.5 GHz 

signal, either in humans, in vivo in animals or in vitro. Five 
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studies were listed in very different areas: a study on reproduction in rats, specifically 

spermatogenesis (Wu et al., 2011), a study on thermal effects in humans related to exposure 

to antennas embedded in connected glasses (Geyikoğlu et al, 2019), an in vivo 

developmental study on zebrafish, a classic animal model for studying development 

(Dasgupta et al., 2020), and two in vitro studies on human cells, one on corneal cells 

(Miyakoshi et al., 2018), and the other on healthy skin cells, fibroblasts, or cells derived from 

melanoma (Mumtaz et al., 2020).  
 

 

Wu et al. 2011 investigated the molecular mechanisms by which RF induces a disorder of 

spermatogenesis. They specifically focus on Sertoli cells and the cytokines they produce, to 

determine the effect of cytokines produced by Sertoli cells under RF on germ cells. Mature 

Sertoli cells were isolated from 3-week-old rats and separated into a control group (Sham) 

and a radiofrequency-exposed group. The cells were exposed to a signal of average power 

density 100 mW/cm² in the S-band (2 - 4 GHz) for 4 min. The cells in the sham group were 

placed under the same conditions except for the RF exposure. 
 
After exposure, Sertoli cells were collected for RNA extraction, radioimmunoassay or co-

incubated with normal sperm cells. 
 
For co-culture experiments, after 96 h of isolation, Sertoli cells were treated with trypsin and 

reseeded in six-well plates and exposed to RF. Subsequently, normal spermatogenic cells 

were added. After 24 h of co-culture, spermatogenic cells were collected for analysis (flow 

cytometry, Western blot, ...); lipid peroxidation was determined for germ cell membranes. 
 
To examine cytokine levels in RF-exposed Sertoli cells, total RNA from Sertoli cells was extracted 

after 2, 6, and 12 h of exposure. Quantitative PCR showed that the mRNA corresponding to 

tumor necrosis factor TNFα in Sertoli cells exposed to radiofrequency for 2 h was approximately 

2.5-fold higher than that in control cells. The level of interleukin IL-6 increased 2.5- and 3-fold 

after 2 and 6 h of exposure. IL-1b was increased 4 and 5 times, respectively, after 2 and 6 h of 

exposure. The corresponding proteins followed the increase in mRNA. In germ cells co-cultured 

with exposed Sertoli cells, cells undergoing apoptosis (genetically programmed cell death 
 

« physiological "134) were significantly higher than in germ cells co-cultured with control cells, but 

the number of necrotic cells (non-genetically programmed "pathological" cell death) was not 

significantly changed. 
 
To confirm this increase in apoptosis, the authors measured the expression of Bax, Bcl-2 and 

caspase-3 proteins by Western blot. They show an increase of Bax and caspase-3 in germ 

cells co-cultured with RF-exposed Sertoli cells (3.5- and 3-fold, respectively) while Bcl-2 

expression was reduced by 3.5-fold compared to control cells. 
 
The authors conclude that pro-inflammatory cytokines produced by Sertoli cells after RF exposure 

may disrupt spermatogenesis following their 
 

 

134 See Appendix 3 for more details on apoptosis and necrosis 
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apoptosis. The study shows that germ cell apoptosis is induced by cytokine secretion from 

Sertoli cells, which is itself induced by RF exposure. 
 
This paper is considered of good quality from a biological point of view (study of cytokines 

and cell survival). However, the study of the mechanisms of cell death is not appropriate. 

Indeed, for Bax and Bcl-2, it is mainly their localization at the mitochondrial membrane that is 

important, more than their expression; for caspase 3, it is the cleavage of pro-caspase 3 into 

caspase 3 that is important (see Appendix 3 for more details). However, the authors studied 

the expression of pro-caspase 3 (35 KDa) while the appearance of caspase 3 (11-17 KDa 

depending on the antibody) is not reported. Statistical tests with verification of the normal 

distribution of the data are relevant. Finally, the RF exposure system is poorly described.  
 

 

The objective of the study by Geyikoğlu et al. (2019) was to test the effect of serpentine 

dipole antennas embedded in "smart" eyewear using wireless technologies on head 

temperature: antennas emitting radio frequencies at 2.45; 3.6; 3.8; 4.56 and 6 GHz. 
 
In a first experimental part of the work, the authors used a head phantom135 whose composition 

and realization are described in details (semi-liquid gel made of deionized water, salt (NaCl) to 

increase the conductivity, sucrose, gelatin and polylactic acid to obtain a high dielectric constant). 

The stability of the dielectric properties of the prepared phantom, measured for each frequency 

for 2 weeks at room temperature, was verified. First, an in silico simulation was performed on a 

head phantom (CST Microwave Studio Suite software) with two antenna prototypes, to determine 

the local SAR and temperature, with and without glasses, at frequencies of 2.45; 3.8 and 6 GHz, 

for an antenna power of 20 mW. One of the two prototypes has a slightly higher SAR, and the 

largest temperature rise was +0.7°C with a plateau reached in about 1 h. In a second step, SAR 

measurements were performed on the head phantom, and the temperature variation (infrared 

thermography) at 2.45 GHz, for 10, 20 and 30 min exposures was measured. The results are 

consistent with those of the numerical simulation (increase of about 0.4°C at 
 
30 minutes for 2.45 GHz). After 30 min of exposure, for prototype 1: SAR: 16.1 mW/kg 

without glasses and 8.1 mW/kg with glasses and temperature increase of 0.3°C without 

glasses and 0.2°C with glasses; for prototype 2: SAR: 14.1 mW/kg without glasses and 8.1 

mW/kg with glasses and temperature increase of 0.2°C without glasses and 0.1°C with 

glasses 
 
In a second clinical part of the work, 4 men (24-26 years old, height from 1.50 m to 1.72 m, 

weight from 65 to 85 kg), were exposed to the wearing of connected glasses (prototype 1 

then 2) equipped with transmitting antennas at the frequency of 2.45 GHz, and their skin 

temperature was measured on the whole head by infrared thermography at 10, 20 and 30 

min of exposure. The temperature increase on the face and right profile after 30 min of 

exposure was 0.1 to 0.3°C (very low variability between individuals), which confirms  
 

 

135 In the field of measuring exposure to electromagnetic fields, this term refers to a digital model or dummy 
representing a human being or animal, whose properties make it possible to simulate the absorption of 
electromagnetic waves. These phantoms are more or less realistic, and can be "homogeneous" (a single type of 
tissue represented) or "heterogeneous" (several different tissues). 
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which was obtained with the SAM head phantom. In addition, temperature rises related to RF 

exposure are lower with the goggles than without. 
 
Regarding the temperature increase, the results of the simulations, the measurements on the 

SAM phantom and the measurements on the 4 subjects are congruent, and the authors 

conclude that the temperature increase due to the exposure being less than 1°C, the tri-band 

antennas integrated in the "smart" glasses can be used without risk.   
It should be noted that this article only explored the thermal effects of connected glasses for 

a short exposure time of 30 min, measurements over longer durations could have been 

performed. Finally, the clinical part involved 4 individuals, a very small sample size.  
 

Dasgupta et al (2020) studied the effects of RF exposure on the development of zebrafish 

(Danio rerio) in order to demonstrate possible impairment of embryonic development. For this 

purpose, embryos at the 6  
à At 48 h post-fertilization, the embryos were exposed to RF in a Faraday cage chamber [3.5 

GHz, SAR = 8.24 W/kg for 42 h], the temperature of the 6 wells containing the embryos (n = 

50/well) was maintained at 28°C. After RF or Sham exposure (controls), 48 embryos (8/well) 

were recovered and transferred each to a well. Three experiments were performed with 48 

embryos/experiment. Parameters such as mortality, morphology (17 variables, e.g. body 

length and axis, pigmentation, cardiac edema, eyes, jaws, snout, circulatory system, dorsal 

horn, brain development,...) were measured at 42 h (end of exposure) and 78 h post 

exposure. The behavior (photomotor response, startle reflex) was evaluated at 78 h post-

exposure, i.e. at 120 h post-fertilization. The photomotor response was tested on 3 light 

cycles, each cycle consisting of 3 min of alternating light/darkness and the distance (mm) 

covered by the larvae was measured. The startle reflex consisted of an audible sound (100 

dB, 600 Hz) for 900 ms and the distance traveled was measured for 9 s using a video motion 

detection system (ZebraBox technology and ZebraLab motion tracking, Viewpoint Life 

Sciences). 
 
The results show that exposure to radiofrequencies does not affect either the mortality of the 

larvae or the incidence of abnormalities in morphological development. Similarly, 

behaviorally, the photomotor response was not altered in either the dark or light phase of the 

test. For the startle response to a sound stimulus, exposed embryos showed a moderate 

16.5% reduction in distance traveled in response to the stimulation, compared to control 

embryos. This test, which measures a sensorimotor response to a sound stimulus, is 

classically used to detect alterations in learning abilities in humans and for the screening of 

neuroactive substances that can affect the functioning of the central nervous system. Finally, 

the temperature of the environment was measured (28-29°C) and did not show any increase 

during the exposure. 
 
The authors conclude that exposure to a 3.5 GHz radio frequency signal for 42 h does not 

affect embryo development and survival but induces a moderate decrease in sensorimotor 

functions. 
 
This is a serious and well-conducted study from a group specializing in zebrafish development, 

including cognition in the context of toxicity of various chemical agents. However, it would have 

been interesting to test at least one 
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Another acoustic frequency and another intensity to measure the startle reflex. The RF 

exposure system is well described and illustrated. 
 
 

The objective of the paper by Miyakoshi et al. (2018) was to test the genotoxic effect and 

expression of heat shock proteins after radiofrequency exposure of human corneal epithelial 

cells (HCE-T, Riken cell bank) under temperature maintenance conditions (non-thermal 

effects).   
Cells were grown in an atmosphere containing 5% CO2 at 37°C in DMEM and seeded in 10-cm 

wells at a density of 106 cells/mL on a 2-mm-thick layer of culture medium in a medium volume of 

11.6 mL. After RF exposure, cells were treated with cytochalasin B, an inhibitor of actin filament 

formation and consequently of cell division. Micronuclei of 1000 binucleated cells were counted: 

micronuclei formation in interphase cells is a validated genotoxicity test (study of potential 

chromosomal damage), which often accompanies a comet assay. Thus, comet assays were 

performed using the Trevigen Comet Assay kit. A minimum of 100 comets were analyzed for 

each agarose gel. A positive control was included and obtained by treating the cells with 

bleomycin, which induces DNA breaks. For heat shock protein analysis, proteins were prepared 

in the presence of protease inhibitors, subjected to acrylamide gel electrophoresis, and 

transferred to a membrane. All experiments were performed 3 times independently. Data were 

subjected to statistical tests of multiple comparisons (Tuckey test) and differences were 

considered significant at p < 0.01. The temperature does not increase after exposure, so the 

effects sought are non-thermal effects. 
 
The results show that the frequency of micronuclei increases significantly after bleomycin 

treatment but does not vary after 24 h of exposure (comparison of unexposed controls, sham 

controls (in the exposure system without RF), and RF-exposed). Regarding the comet tests, 

the tail moment increases significantly after bleomycin treatment, but does not vary after RF 

exposure. Finally, while temperature induces a significant increase in the expression of the 

heat shock proteins Hsp27, Hsp70 and Hsp90, radiofrequency waves at 5.8 GHz do not 

modify their expression. 
 
Given the methodological elements available, this study was assessed as being of good 

quality by the working group. 
 
 

Mumtaz et al (2020) studied the effects of RF on the skin, and more specifically on cellular 

functions in an in vitro culture model of healthy cells (human dermis fibroblasts) or melanoma 

cells (G361 and SK-Mel-31 strain). Cells were exposed to an intermittent signal at 3.5 GHz (5 or 

45 "shots", electromagnetic energy of 0.6J per "shot", 60 ns pulse, 1 min between 2 "shots". The 

temperature of the culture medium was measured (thermal imager FLUKE Ti90) before and after 

exposure (5 shots of 5 min and 45 shots of 45 min) and did not vary from control cultures (without 

RF). Cell viability was measured at 5, 24, 48 and 72 h post-exposure, and apoptosis at 24 h post-

exposure in all 3 cell types. Proliferation, metabolic activity and oxygen free radical production 

were assessed at 24 h post-exposure in G361 cells, only ATP levels were measured in all 3 cell 

types. Finally, a molecular analysis (qPCR, mRNA expression) of genes involved 

 
 

 
Public consultation version page 146 / 241 March 
2021



Anses ● Collective expertise report Referral n° 2019-SA-0006 "5G"  

 

in proliferation (Ki67, c-Myc), apoptosis (Caspase 3, Caspase 9), cell division (CDC, CENPF) 

and mitochondria (ATP5A1, ATP2B1) was performed on G-361 melanoma cells. The post-

exposure time is not specified, possibly 24 h. 
 
The results show: i) cell viability: a slight significant increase in viability at 5 h post-exposure 

for fibroblasts (45 shots), and a significant increase in viability at 5 h and 24 h post-exposure 

for melanoma cells were observed, with a more marked effect for G361 cells and for the high 

dose (45 shots). From 48 h post-exposure, no effect was observed except for SK-Met-31 

cells at the high dose (45 shots, 48 h). ii) Cell death: no effect of RF was observed (5 and 45 

shots) whatever the cell type. iii) Proliferation, energy metabolism and oxidative stress: in 

G361 melanoma cells at the 2 doses (5 and 45 shots), a significant increase in proliferation, 

cellular and mitochondrial ATP release was observed. On the other hand, no effect of 

radiofrequencies was observed on apoptosis and on superoxide dismutase activity (SOD, 

indicator of the antioxidant response). Note that cellular ATP levels also increased in SK-Mel-

31 cells, but not in fibroblasts. iv) Molecular markers: in G361 melanoma cells, a significant 

increase in mRNA expression of the 2 proliferation genes (Ki67, c-Myc) was observed at both 

doses (Ki67) and at the high dose (c-Myc). Similarly, an increase in the expression of the 2 

apoptotic genes (CASP3, CASP9) was demonstrated, but only at the low dose (5 shots). For 

the cell division genes, only an increase in the CENPF gene was measured at the high dose 

(45 shots). Finally, for the mitochondrial genes and for both doses, an increase (ATP5A1) 

and a decrease (ATP2B1) were observed. For the authors, these results show that 

radiofrequencies at 3.5 GHz affect the growth and proliferation of melanoma cells after 24 h, 

which they attribute to an increase in mitochondrial activity via increased ATP levels. Such 

RF exposure does not affect fibroblasts.   
This study poses a major problem with regard to the validity of the results in view of the 

statistical analyses carried out (Student's t-test for comparison of 2 groups), which are not 

adapted to multiple comparisons (3 groups minimum). A large part of the study concerned 

only one type of melanoma cell; a comparison with fibroblasts would have been interesting, 

especially since the effects of radiofrequencies could be dependent on the type of cell (e.g. 

viability). However, it has the merit of being one of the few studies that used a 3.5 GHz 

signal. 
 

 

In conclusion, the 5 studies listed in the frequency band around 3.5 GHz have each explored 

a specific field of research: the thermal effects of radiofrequencies in a connected eyewear 

device in humans, the morphological and behavioral development of zebrafish, the response 

of fibroblasts and skin cancer cells or human corneal cells and, finally, the reproductive 

system in male rats. Thus, in this frequency range, the data are insufficient to conclude 

whether or not there is a biological, physiological or even pathological effect that could have 

an impact on human health. 
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6.3.2 Reflections on the  impact of the frequency of electromagnetic fields on 
observed biological or health effects 

 

6.3.2.1 Context of the reflection 
 
The 700 MHz and 3.5 GHz frequency bands are the first "new" frequencies for 5G deployed 

in France and for which operators already have authorizations.   
Since data on the effects of these two bands are scarce, the working group considered 

whether the data available at nearby frequencies could be applied to these new frequencies. 

One approach taken to assess this was to check whether a frequency effect could be 

detected in the available data. The idea being that if an effect is detected at, say, 900 MHz, 

1800 MHz or 2100 MHz, it could be hypothesized that it would also be present at 700 MHz or 

3.5 GHz. The validity over a wide frequency range (between 700 MHz and 3.5 GHz) of the 

effects observed at a particular frequency is, at least implicitly, supported in most 

international reports published to date. However, the scientific studies that have investigated 

the effects of cell phone RF exposure (2G, 3G, 4G) for more than 20 years have not 

specifically investigated the impact of frequency on these effects. Thus, if different 

frequencies produce variable effects on the observed parameters, the generalization to the 

700 MHz or 3.5 GHz band of the conclusions on the effects already established in the other 

bands (between 840 MHz and 2.85 GHz approximately) would not be justified, and therefore 

impossible. On the other hand, if it appears that when effects are observed at a given 

frequency, they are systematically found at another frequency, this would make it possible to 

estimate, pending studies on specific 5G signals, that the data already available in the 

frequency band between 840 MHz and 2.850 GHz could be transposed to the "new" 5G 

frequencies, i.e. 700 MHz and 3.5 GHz. 
 
Studies analyzing different frequencies were therefore searched in the literature. This should 

allow to appreciate how the same parameter, evaluated by the same team, and under similar 

experimental conditions, could or could not depend on the frequency used. 
 
The working group identified articles with this characteristic, i.e. studying the same 

phenomenon at different frequencies. A bibliographic search made it possible to select 39 

articles studying molecular, physiological or behavioral effects in animals and humans. 
 
The studies obtained were classified into 3 categories: those referring to tissue or molecular 

phenomena in animals (25 studies), those relating to behavioral effects in animals (6 

studies), and those with humans as the subject of study (18 studies). 
 
The selection of original articles was made on the one hand from 3 reviews on human 

neurophysiology and cognition (Kwon and Hämäläinen, 2011; Regel and Achermann, 2011; 

Wallace and Selmaoui, 2019), 2 reviews on animal cognition (Naranayan et al., 2019; 

Sienkiewicz and Von Rongen, 2019) and 1 review on cellular oxidative stress (Yakymenko et al., 

2016), and on the other hand from the bibliography resulting from the Anses reports 

"Radiofrequencies and Health" 2013 and "Radiofrequencies and Children's Health" 2016. The 

inclusion criterion for the publications was the study of at least 2 frequency bands. 
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6.3.2.2 Molecular and tissue studies in animals 
 
Twenty-five studies performed at different frequencies on the same parameter in animals 

were identified (Shirai et al., 2005, Ferreira et al., 2006, Shirai et al., 2007, Smith et al., 2007, 

Lee et al., 2009, Mailankot et al., 2009, Sirav and Seyhan, 2009, Ziemann et al., 2009, 

Franzellitti et al, 2010, Markova et al. 2010, Lee et al. 2011, Paulraj and Behari 2011, Sirav 

and Seyhan 2011, Lee et al. 2012, Ozorak et al. 2013, Cetin et al. 2014, Nisbet et al, 2016, 

Ertilav et al., 2018, Alkis et al., 2019, Kumar et al., 2019, Wang et al., 2019, Yinhui et al., 

2019, Furman et al., 2020, Lameth et al., 2020)   
Of these, 4 were discarded because they actually analyzed a single frequency (Ferreira et 

al., 2006, Franzellitti et al., 2010, Furman et al., 2020, Lameth et al., 2020). Three others 

were discarded because they used multiple frequencies, but simultaneously (Lee et al., 2009, 

Lee et al., 2011, Lee et al., 2012). Four others were not included because the authors found 

no effect at any of the frequencies studied (Shirai et al., 2005, Shirai et al., 2007, Smith et al., 

2007, Ziemann et al., 2009). Finally, 2 studies were considered of insufficient quality for 

evaluation due to poorly characterized exposure systems (Mailankot et al., 2009, Yinhui et 

al., 2019). The remaining publications were thoroughly reviewed. 
 
The objective of the study by Alkis and colleagues (Alkis et al., 2019) was to explore whether 

long-term exposure to different frequencies induces DNA damage by examining oxidant-

antioxidant parameters in rat blood and brain tissue. Three frequencies were analyzed: 900 

MHz, 1800 MHz and 2100 MHz. An effect of the frequencies, with an increase of the values 

of the measured parameters (comet tail, oxidative stress) linked to the increase of the 

frequency of exposure, is noted. 
 
The study by Cetin and colleagues (Cetin et al., 2014) evaluated the effects of cell phone 

exposure (900 and 1800 MHz) on oxidative stress in the brain in rats from gestation to 6 

weeks of age: both 900 MHz and 1800 MHz frequencies were studied. An increase in lipid 

peroxidation with the increase of the frequency is noted. 
 
Ertilav and colleagues (Ertilav et al., 2018) investigated the contribution of the TRPV1 

receptor to mitochondrial oxidative stress and apoptosis in dorsal and lumbar nuclei, as well 

as the hippocampus, following long-term exposure to 900 and 1800 MHz in a rat model. 

Increases in all parameters studied were greater in the 1800 MHz group than in the 900 MHz 

group. 
 
The study by Kumar and colleagues (Kumar et al., 2019) was designed to explore the effects 

of low-intensity radio frequencies on endoplasmic reticulum stress and UPR (unfolded protein 

response).Experiments were performed on male Wistar rats exposed to 900 MHz, 1800 

MHz, and 2450 MHz. The mRNA expressions were estimated. A frequency effect was found 

with an increase in reticulum stress with increasing frequency. 
 
Markova and colleagues (Markova et al., 2010) investigated whether radiofrequencies from GSM 

(at 905 or 915 MHz) and UMTS (1,947.4 MHZ) cell phones induce double-strand DNA breaks or 

affect the repair of these breaks in stem cells and fibroblasts. They analyzed foci of the tumor 

suppressor TP53 protein 53BP1 that are localized in DNA repair foci. The effects are generally 

greater in stem cells than in fibroblasts, but the effect of frequency 
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is not clearly established, because the statistical methods used to establish the significance 

of the difference between frequencies are not well adapted. 
 
Nisbet and colleagues (Nisbet et al., 2016) aimed to determine the effects of whole-body 

exposure to electromagnetic fields on the conjugation cartilages of growing male rats. They 

conclude that 1800 MHz and 900 MHz RF can prolong the growth phase in developing rats, 

but they do not observe a frequency-specific effect.   
The purpose of the study by Ozorak and colleagues (Ozorak et al., 2013) was to determine 

the effects of Wi-Fi (2.45 GHz) and cell phone (900 and 1800 MHz) signals on oxidative 

stress and trace element levels in the kidneys and testes of growing rats from gestation to 6 

weeks of age. Exposed animals showed an increase in oxidative stress, but no variation with 

frequency. 
 
Sirav and Seyhan (Sirav and Seyhan, 2009) evaluated the effects of 900 and 1800 MHz 

continuous wave RF on blood-brain barrier (BBB) permeability in rats. There was no change 

in female rats. But in males, the permeability was increased, but with no effect of frequency. 

In their 2011 paper (Sirav and Seyhan, 2011), the authors performed exactly the same 

experiments, but at a higher power. The results are the same. 
 
In 2019, Wang and colleagues (Wang et al., 2019) investigated the differential expression of 

brain proteins by iTRAQ. Wistar rats were exposed to 1.5 GHz and 2.856 GHz. The results of 

iTRAQ proteomic analysis were validated by Western blot. Cumulative RF exposure induces 

differential expression of 391 proteins, at 1.5 GHz of 295 proteins and at 2.856 GHz of 311 

proteins. The impact of frequency is possible in this case. 
 
In the end, five papers show a clear impact of frequency on the parameters studied and four 

others indicate a less marked or even non-existent effect. Since the biological phenomena 

studied are quite disparate, some may be more sensitive than others and therefore more 

likely to show a clear variation with frequency. The data analyzed lead to the conclusion that 

effects at the molecular level in a biological system may depend on the frequency of the 

radiation. 

 

6.3.2.3 Studies on memory and anxiety in rats 
 
Six studies were reviewed (Schneider and Stangassinger, 2014, Deshmukh et al., 2015, 

Deshmukh et al., 2016, Tan et al., 2017, Gupta et al., 2019, Li et al., 2020). They target 

anxiety, social memory, and spatial memory. One study was not included because it tested 

the effects of 8 combined frequencies (2 bands at 800 MHz, 2 bands at 2 GHz, one at 2.4 

GHz, 2 bands at 2.5 GHz, and one band at 5.2 GHz, Shirai et al., 2017). 
 
Schneider and Stangassinger (2014) studied the effects of a "lifetime" exposure to a GSM 

900 MHz or UMTS 1,966 MHz radio frequency signal in male and female rats. Using a social 

recognition task, they show, for the GSM signal, that social memory is impaired in male rats 

at ages 3 and 6 months, but not in 6-month-old females (not tested at 3 months). In this test, 

an adult male rat residing in its cage is confronted with an unknown juvenile rat (for 4 min), 

the time spent inspecting this young rat is recorded. After a delay of 30 min, the resident rat 

is again confronted with the same juvenile rat as well as a new juvenile rat. The time spent in 
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inspecting/sniffing each of the 2 young rats is recorded. If the adult rat remembers the 

juvenile rat already encountered, it will spend more time inspecting/sniffing the new juvenile 

rat, if it spends the same amount of time with each of the 2 young rats, it shows impaired 

social recognition memory. In contrast, for the UMTS signal, memory is impaired in the 3-

month-old males, but not for both sexes at 6 months. This shows an effect of 

radiofrequencies, as a function of frequency, only in males, whereas no effect is observed in 

females (neither of radiofrequencies, and a fortiori as a function of frequency).   
Desmukh et al. (2015, 2016) investigated the effects of 3-frequency signals (900, 1800, and 

2450 MHz) in rats at whole-body exposure for 180 or 90 days at very low SAR ( 0.6 mW/kg) 

on spatial memory and anxiety. Radio frequencies induce a decrease in memory 

performance in the Morris pool observed for the 3 frequencies. Similarly, in the elevated 

cross maze, a similar increase in latency to enter the closed arms is observed after exposure 

to all 3 frequencies. However, the protocol used for the latter test does not allow for a clear 

estimate of what was assessed. Thus, these first 2 studies do not show an effect specifically 

related to signal frequency. 
 
Tan et al. (2017) evaluated, in male rats, the effects of 2 frequencies (1.5 GHz and 2.856 

GHz) alone or combined, with a power of 5 or 10 mW/cm² (i.e., a SAR of 1.7-1.8 W/kg or 3.3-

3.7 W/kg). The spatial memory in Morris pool is altered for the highest power (10 mW/cm²) 

and more markedly when the 2 signals are combined, but without specific effect of the 

frequency of the signals. For brain electrical activity (EEG, alpha, beta, theta and delta 

waves), alterations in brain wave power (except delta) are observed at 10 mW/cm² and, as 

for memory, they are more marked when the 2 signals are combined, but without any specific 

effect of the frequency. 
 
Gupta et al. (2019) measured anxiety and plasma corticosterone levels in male rats after 

exposure to radio frequency signals at 900, 1800, and 2450 MHz for 28 days. The tests were 

performed after 1, 14, 21 and 28 days of exposure. The results show an increase in anxiety 

accompanied by an increase in corticosterone levels only at 2450 MHz, while little or no 

effects were observed at 900 and 1800 MHz. This article attests to the observation of 

different effects depending on the frequency of the radiation. 
 
Li et al. (2020) studied the development, spatial memory (age 3 weeks, Y maze) and exploratory 

activity and anxiety (age 7 weeks, open field test) in young male and female rats after prenatal 

exposure to a 1800 MHz, 2.4 GHz (Wi-Fi) or combined signal. The combination of the 2 signals 

affects memory performance (degradation), the Wi-Fi signal has a rather beneficial effect, while 

the 1800 MHz signal has little effect. For activity and anxiety, only the combination of the 2 

signals affects the abilities  
à explore (decrease) and increase fear and anxiety. Finally, a decrease in body weight was 

observed after prenatal exposure to Wi-Fi alone or combined with the 1800 MHz signal. 

Thus, different effects depending on the frequency were observed for memory, but not for 

activity and anxiety: the strongest effects were observed with the combination of the 2 

signals. 
 
For example, 3 papers show that different radiation frequencies could have different effects on 

anxiety or social memory (Gupta et al., 2019) and 3 other publications, including 2 from the same 

group, show no frequency-dependent effect on memory 
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spatial (Deshmukh et al., 2015, Deshmukh et al., 2016, Tan et al., 2017). In addition, 

Schneider and Stangassinger et al. show a differential effect in males versus females on 

social recognition memory: it should be noted that studies addressing the role of gender are 

rather scarce.  
 

6.3.2.4 Frequency-dependent effects in humans? 
 
Eighteen studies have been reported on the effects of electromagnetic fields at different 

frequencies applied with the same experimental protocol in humans (Hietanen et al., 2000, 

Hietanen et al., 2002, Eltiti et al., 2007, Hountala et al., 2008, Kleinlogel et al, 2008b, a, Eltiti 

et al. 2009, Croft et al. 2010, Maganioti et al. 2010, Danker-Hopfe et al. 2011, Sauter et al. 

2011, Vecsei et al. 2013, Leung et al. 2015, Malek et al. 2015, Vecsei et al. 2018a, Vecsei et 

al. 2018b, Danker-Hopfe et al. 2020, Eggert et al. 2020). The items studied were electrical 

activity (EEG) of wakefulness and sleep, cognition, pain, well-being, and symptoms related to 

electrohypersensitivity. Of these studies, some show no effect of RF (Hietanen et al., 2000, 

Kleinlogel et al., 2008b, a, Eltiti et al., 2009, Danker-Hopfe et al., 2011, Sauter et al., 2011, 

Malek et al., 2015) and are not elaborated here. 
 
Of the 11 studies showing an RF effect, it did not vary when the signal frequency changed in 

6 studies (Hietanen et al., 2002, Eltiti et al., 2007, Maganioti et al., 2010, Vecsei et al, 2018a, 

Danker-Hopfe et al., 2020, Eggert et al., 2020), while 4 (Hountala et al., 2008, Croft et al., 

2010, Vecsei et al., 2013 and 2018b, Leung et al., 2015) show an impact of frequency on the 

effects studied. 
 
Hietanen et al (2002) studied in EHS subjects (7 men and 13 women), the effects of 30 min 

exposures (3-4 sessions) to a 900 MHz phone (NMT136), a GSM 900 MHz or GSM 1800 

MHz phone on their felt symptoms (e.g. headaches, anxiety, cardiac symptoms, sensations 

in the eyes, neck, ears, face, throat, feet...) and physiology (heart rate, blood pressure, 

respiratory rate) The study was conducted in double blind. The results show that the subjects 

present more symptoms with exposure to sham control than with exposure to radiofrequency 

signals. No specific impact of the frequency of the signals used was observed. Few 

significant physiological effects are observed, the number of subjects being small for the 

authors. Finally, the subjects do not detect the phases of exposure to radiofrequencies, as 

already shown previously. 
 
Eltiti et al (2007) studied the well-being and symptoms experienced by EHS subjects (n = 44) 

and non-EHS subjects (n = 114), sex and age not specified, after a 50 min exposure to GSM 

(900 MHz and 1800 MHz, 5 mW/m2 each) or UMTS (2020 MHz) signals,  
10 mW/m2). In a first open challenge experiment, they show that EHS subjects have a lower 

sense of well-being when exposed to GSM and UMTS signals, compared to the sham control 

condition. Non-EHS subjects had more symptoms experienced with the UMTS signal than during 

the sham control condition. In a second double-blind experiment, for GSM, no effect was 

observed, regardless of the group. After exposure to the UMTS signal, the EHS subjects reported 

a higher level of wakefulness but no increase in symptoms: the authors suggest that this effect is 

related to the order of passage rather than to a specific effect of the radiofrequencies. For the 

physiological parameters (heart rate, skin conductance and BVP (blood volume pulse)), no  

 
136 NMT: Nordic Mobile Telephone, mobile telephone standard of the Nordic countries, of analog type. 
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No effect of radiofrequencies, whatever the signal or the subject group, is observed. Thus, 

this study does not show a clear impact of the frequency of the signals on the observed 

effects. 
 
Hountala et al (Hountala et al., 2008) studied EEG and spectral coherence137 in the alpha, 

beta, delta and theta bands during a working memory task in healthy (22-23 years old) young 

men (n = 19) and women (n = 20), exposed to a continuous signal at 900 or 1800 MHz 

(phone placed 20 cm from the ear). They showed: 1. an effect of sex on spectral coherence: 

men have a higher internal coherence than women; 2. the 900 MHz signal cancels the 

difference between the sexes (increase in coherence in women only) whereas the 1800 MHz 

signal decreases the coherence in men only, to reach that of women in basal condition 

without exposure to radiofrequencies This study therefore shows an impact of the frequency 

on the effects in men only (no effect of the 900 MHz, and decrease of the coherence with the 

signal at 1800 MHz), while in women, the 2 signals have the same effect, an increase of the 

coherence). 
 
Maganioti et al (2010), like Hountala et al, measured the effects of a continuous 900 MHz 

(phone 20 cm from the ear) or 1800 MHz signal in 20 healthy women and 19 healthy men 

(age: 22-23 years) on the P600 evoked potential in response to a working memory task. As 

for Hountala et al., a gender effect was observed on the amplitude and latency of the P600 

(lower in women). This effect disappeared with RF exposure and, contrary to the previous 

study, no impact of frequency was observed. Thus, an RF effect is observed in women, 

without a role for signal frequency, whereas in men no RF effect is observed. 
 
The Croft et al. study (Croft et al., 2010) measured brain electrical activity for 5 or 10 min 

before and after a 50 min RF exposure. They analyzed the power of the alpha rhythm (8-12 

Hz) in the frontal and posterior lobes in adolescents (13-15 years old, n = 41, including 21 

males), adults (19-40 years old, n = 42, including 21 males) as well as elderly people (55-70 

years old, n = 20, including 10 males). The signals used were: GSM (849 MHz) from a Nokia 

6110 phone (SAR = 0.7 W/kg) and WCDMA (1900 MHz) (cell phone, SAR = 1.7 W/kg). One 

is positioned on the right and the other on the left side of the head in the temporal lobe. The 

authors found an increase in the power of the alpha wave in adults exposed to the GSM 

phone in connection with psychological activation - but no effect of GSM in young and elderly 

subjects. For exposure to the WCDMA signal, no effect is observed regardless of age group. 

They therefore show an impact of the frequency on the effects only in adults. 
 
In 2011, Leung et al. (Leung et al., 2011) published a study similar to that of Croft et al. They 

exposed adolescents (13-15 years old, n = 41, including 21 males), adults (19-40 years old, n = 

42, including 21 males), and elderly subjects (55-70 years old, n = 20, including 10 males) to 

either a 2G GSM phone (849 MHz, Nokia 6110, SAR = 0.7 W/kg) or a 3G WCDMA phone (1900 

MHz, SAR = 1.7 W/kg) for 50 min, one on the right side and the other on the left side of the 

temporal lobe. Cognitive tests were performed: the auditory 3-stimulus oddball test adjusted to 

the individual discrimination threshold (measures the response to novelty, attentional processes) 

and N-back tests (working memory). 
 

 

137 EEG coherence is a method that provides information about the synchronization in time between 
pairs of electrical signals recorded at distinct neocortical sites. It is a measure of functional connectivity 
between cortical regions. 
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N1 and ERD/ERS (event-related desynchronization/event-related synchronization). For the 

3-stimulus oddball test, no effect of radiofrequencies on reaction time and accuracy is 

observed. The EEG shows an increase of the N1 potential with the exposure to the 2G GSM 

signal, whatever the age. The N-back test shows a decrease in performance in adolescents 

with the 3G WCDMA RF signal (compared to sham) and delayed ERD/ERS alpha power 

responses with 2G and 3G signals (compared to sham), regardless of age. They thus show 

an age-dependent impact of frequency on the observed effects only in adolescents (GSM 

2G: EEG, auditory 3-stimulus oddball test and WCDMA 3G: N-back test performance).   
Vecsei et al. (2018a) measured brain electrical activity and cognition (Stroop test, executive 

functions, speed, and selective attention) in 34 healthy subjects (including 20 females, 20 ± 3 

years old) exposed to UMTS signal (1,947 MHz, Nokia 6650 phone, SAR < 2 W/g) and 26 healthy 

subjects (including 13 females, 21 ± 3 years old) exposed to LTE signal (1,750 MHz, generator, 

SAR < 1.8 W/kg) for 20 min. Measurements were performed before, during and after the end of 

the exposure. The results show a notable decrease in alpha rhythm power on EEG with RF, 

which persists after the exposure is stopped, with no impact of frequency on this effect. No effect 

of radiofrequencies is observed for the cognitive test. 
 
Vecsei et al. also published 2 separate studies with the same objective, only the radio frequency 

signal changed (Vecsei et al., 2013, Vecsei et al., 2018b). In the 2013 publication, they used a 3G 

UMTS signal at 1,947 MHz (SAR = 1.75 W/kg - 30 min) and in the 2018 publication a 4G LTE 

signal at 1,750 MHz (SAR < 1.8 W/kg - 30 min). In the 2013 one, the workforce consists of 10 

females and 12 males (20-29 years), while the 2018 one studies 12 females and 6 males (16-26 

years). On these subjects, they measure (double-blind, randomized studies) the thermal pain 

threshold before, during, and after RF exposure (indicated by a finger movement placed on a 

heating pad) as well as the subject's subjective perception of pain. The 2013 publication shows 

no effect of radiofrequency on pain threshold in the UMTS band, but an effect on the subjective 

perceived pain scale (visual analogue rating scale, VAS) with attenuation with radiofrequency of 

general sensitization in the 2nd block of 6 trials compared to the 1st block of 6 trials in the sham 

control condition (increased pain sensation). The 2018 one shows no effect of LTE 

radiofrequencies on pain perception threshold (pre-, post-, and during radiofrequency exposure) 

as well as on subjective pain (VAS scale). In sum, they show an impact of the frequency on the 

subjective perception of pain but not on the pain threshold. It should be noted that the 2 studies 

were published 5 years apart. 
 
Finally, Danker Hopfe et al (2020) compared the effects of a TETRA-type signal (385 MHz, SAR 

= 6 W/kg) and a GSM-type signal (900 MHz, SAR = 2 W/kg) in 60 elderly subjects (including 30 

women, age 60-80 years) on the macrostructure of sleep (30 variables). The exposures were 8 h 

per night over 9 nights. The results are very numerous considering the quantity of variables: they 

show effects of radiofrequencies, but especially an important effect of the sex. For example, a 

reduction in arousals, latency of deep slow wave sleep (N3) and self-reported arousal time after 

sleep was shorter for both sexes with RF exposure. On the other hand, several RF effects are 

gender-related, such as the latency for REM (rapid eye movement) stage which is shorter in 

women and tends to be longer in exposed men (2 signals). Or the time awake during sleep is 

shorter in women under TETRA and slightly longer in men. While under GSM exposure, the total 

reported sleep time tends to be longer in women and shorter in men. The authors conclude that 
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The effects of radio frequencies on sleep depend on gender: they are more marked in 

women. However, whatever the sex, the effects of radiofrequencies (2 frequencies) are 

rather marginal and do not indicate an alteration of sleep. 

 

6.3.2.5 Conclusion on Frequency Impacts 
 
This approach aims to answer a specific question: since very few studies are available 

specifically for the 700 MHz and 3.5 GHz bands, is it possible to use the results of previous 

studies obtained at nearby frequencies?   
To assess this possibility, the following question was examined: is there an impact of 

frequency on biological, physiological or even health effects? If the answer is positive, it will 

be difficult to extrapolate the results obtained at certain frequencies to others, otherwise the 

effects could depend only on the deposited energy and its penetration depth. 
 
The analysis of publications that have studied the effects of exposure to different frequencies 

shows that when molecular phenomena are analyzed, the increase in frequency often seems 

to lead to an increase in the effect. When physiological or behavioral effects in animals are 

analyzed, 3 papers out of 6 show an effect of the frequency, 4 out of 10 in humans, 

especially effects on behavior or EEG. Thus, whether in vivo or human studies, there is no 

solid argument to conclude whether or not frequency has an impact on the effects observed. 

However, when effects are observed in humans at frequencies between 0.9 and 2.4 GHz, 

they appear to be weak and, more often than not, no impact of frequency is demonstrated, 

which suggests that for nearby signals (700 MHz or 3.5 GHz) that have not yet been studied, 

they could be comparable. Finally, it should be noted that an effect of radiofrequencies has 

been shown in humans as a function of sex, but this tends to be weaker than the effect of sex 

alone. 
 
These conclusions do not concern superficial tissues (skin, eye), for which the effects of the 

variation of the penetration according to the frequency do not arise. These tissues have not 

been studied, or have been studied very little, in these frequency bands (including studies 

with at least 2 frequencies) and they are tissues in which the molecular effects could be more 

marked (because of their superficial location). 

 

6.3.3 Conclusion 

 

The scientific literature does not provide enough studies in frequencies close to 3.5 GHz (only 5 

studies and in very disparate fields) to be able to proceed  
à an assessment of the level of evidence of possible health effects. The working group 

attempted to answer the question of whether in the most studied frequency range, between 

about 840 MHz and 2.85 GHz (i.e., close to 3.5 GHz, but also 700 MHz), there was a 

relationship between frequency and the intensity of the biological effects studied. From a 

bibliography of articles that have studied at least 2 frequencies and that show an effect of 

radiofrequencies, the analysis suggests that studies targeting cellular and molecular effects 

often tend to show that biological effects increase with frequency. These results are not 

confirmed for behavioral and neurophysiological effects in animals or humans. There is 

therefore uncertainty as to whether, when radiofrequency effects are observed, frequency 

plays a role in the modifications and/or alterations observed in humans. Thus, the first 

conclusion is that it is 
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It does not seem possible, at present, to extrapolate the results of scientific studies at different 

frequencies, even close ones, in order to draw conclusions on the possible biological, physiological 

and a fortiori health effects in the 3.5 GHz or even 700 MHz band, which has also been very little 

studied. In the end, no biological, physiological or health effects are expected from signals at 700 MHz 

or 3.5 GHz that would differ greatly from those previously observed at nearby frequencies.  

6.4 Possible effects of exposure to radio frequency fields in the (24 - 60) 

GHz band    
6.4.1 Effects on the skin 

 

6.4.1.1 Skin structure 

 
The human skin is one of the largest organs in the body, with a weight of about 2 to 3 kg and a surface 

area of 1.5 to 2 m2 in adults. It has a complex structure, with three main layers: the epidermis, the 

dermis and the subcutaneous tissue, made up of different cell types performing different functions. 
 
The epidermis is the most superficial layer of the skin. Its thickness varies from 50 µm (eyelids) to 1.5 

mm (plantar sole). It is almost exclusively made up of a single cell type, the keratinocytes, organized in 

four layers. The basal layer consists of a single layer of actively dividing keratinocytes adhering to a 

basement membrane. This basal layer also contains melanocytes (1-5%, depending on anatomical 

location) that produce pigment and emit dendrites to the upper layers of keratinocytes. The basal layer 

keratinocytes gradually differentiate and migrate to form the upper layers of the epidermis. The 

stratum spinosum, made of 5 to 15 layers of large keratinocytes, also contains Langerhans cells 

(dendritic cells involved in antigen processing). The stratum granulosum is made of 1-4 layers of 

flattened keratinocytes with degenerating nuclei containing keratohyalin granules. The outermost layer 

of the epidermis, the stratum corneum, consists of 10 to 30 layers of corneocytes (dead keratinocytes) 

filled with keratin fibrils. 
 
The dermis is a connective tissue, about 1 mm thick, whose upper part, the papillary dermis, is in 

contact with the basal membrane of the epidermis and forms papillae that increase the contact 

surfaces with the epidermis (rete ridges). It is highly vascularized and contains neurofibrils and 

sensory receptors (Pacini corpuscles). The most important part of the dermis, the reticular dermis, is 

formed of protein networks (collagen and elastin) produced by fibroblasts, and is vascularized in its 

upper part. The dermis also contains appendages: sweat glands, hair follicles (invagination of the 

epidermis) and their erector muscles and sebaceous glands. 
 
The subcutaneous tissue is essentially made up of fat and is vascularized. 
 
À In addition to these structures, there are numerous commensal bacteria that make up the cutaneous 

microbiota, whose composition varies according to anatomical location (oily, moist and dry areas). 

This microbiota is present in the epidermis, but also in the dermis and annexes. It participates in the 

skin's anti-infectious defense mechanisms. 
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The skin is an interface with the external environment. Regarding interactions with 

radiofrequency electromagnetic radiation, the depth of penetration into the tissues decreases 

with increasing frequency, and for high frequencies (several GHz), penetration is limited to 

the superficial layers of the skin (a property exploited for example by airport scanners 

operating at a frequency of 24 GHz), and can produce skin heating (a thermal effect 

exploited for example by non-lethal weapon systems using a frequency of 95 GHz).   
It should be noted, regarding studies on the effects of radiofrequencies on the skin, that 
human skin models reconstructed in three-dimensional culture in vitro are much simpler and 

imperfect.  
 

6.4.1.2 Effect on the skin transcriptome 
 
6.4.1.2.1 Presentation 
 
The effect of millimeter waves on the expression of candidate genes has been studied by 

different methods: 
 
by analyzing the expression of candidate genes by Reverse Transcription Polymerase Chain 

Reaction (RT-qPCR) using total RNA extracted from exposed or unexposed tissue; 
 
by searching for deregulated genes by hybridizing total RNA to microarrays of probes 

corresponding to a given set of genes; 
 
or finally by exhaustive RNA sequencing (high throughput RNA sequencing or RNA-seq). 
 
In all cases, the experiments are replicated at least 3 times and the results submitted to the  
à classical statistical tests, e.g. t-tests or Mann-Whitney, followed by tests for multiple 
comparisons, e.g. Benjamini-Hochberg correction138 , in the case of large-scale analyses 

(microarrays and RNA-seq). 

 

6.4.1.2.2Analysis of  the bibliographic corpus 
 
Six publications from the same laboratory were considered of sufficient quality to be included 

in the level of evidence assessment. Three of them, Le Quément et al, (2012), Habauzit et al, 

(2014) and Martin et al, (2020) analyzed the effect of exposure of primary cultures or cell 

lines of human keratinocytes and melanocytes to waves  
à 60.4 GHz on gene expression. Two publications, Le Quément et al, (2014) and Soubere 

Mahamoud et al, (2016) analyzed the effect of exposure of human keratinocyte and 

melanocyte primocultures and cell lines to 60.4 GHz waves on the response to metabolic 

stress. The last one (Habauzit et al., 2020) followed gene expression in the skin of rats 

exposed to 94 GHz. 
 
 

The objective of the study by Le Quément et al. (2012) was to monitor changes in global gene 

expression in human keratinocyte primocultures exposed to electromagnetic waves at 60.4 GHz. 

Cultures were established from foreskins of 3 neonates and grown at 37°C under 5% CO2 at a 

density of 16,000 cells/cm2. The 
 

 
138 The aim is to eliminate false positives by performing a statistical analysis of all mRNA 
measurements (unlike the t-test which compares the values of the different replicates for a given 
mRNA obtained under the conditions tested (here exposure) and under control conditions). 
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Cultures were then exposed for 1, 6, or 24 h to electromagnetic waves at 60.4 GHz at a 

power density of 1.8 mW/cm2 and an average specific absorption rate of 42.4 W/kg, or not 

exposed (sham). The mRNAs were extracted and the level of gene expression was assessed 

by hybridization of the transcripts on microarrays containing probes corresponding to 41,000 

genes (Whole Human Genome kit, Agilent) in 4 replicates. The results were subjected to 

standard statistical analysis (t-tests followed or not by Benjamini-Hochberg correction139 ).  
The exposure is accompanied by a temperature rise of 0.8 to 0.9°C. Previous work by the 

authors has shown that such a temperature elevation does not induce the expression of the 

heat shock proteins Hsp27 and Hsp70. Furthermore, after 6 h of exposure, the genes 

DNAJB1, DNAJB6, and HSPA1A, which are highly overexpressed during heat shock, are 

only slightly overexpressed here. The exposure does not appear to induce heat shock per se. 

Full statistical analysis (t-tests followed by Benjamini-Hochberg correction) reveals no 

differentially expressed genes between sham controls and exposed samples. However, 

before Benjamini-Hochberg correction, 130 potentially deregulated genes were detected: 111 

down-regulated genes and 19 up-regulated genes after 6 h of exposure. The 24 genes with 

the highest change factor and the lowest statistical significance (p-value) were selected for 

validation by RT-qPCR. The decrease in expression of 5 of them after 6 h of exposure was 

confirmed. These are CRIP2 (Cysteine-Rich Protein 2, encoding a protein involved in 

transcriptional regulation, cell signaling, hematopoiesis and cell proliferation), PLXND1 

(Plexin D1, encoding a transmembrane receptor involved in development), PTX3 (Pentraxin-

related gene, encoding a protein involved in innate immunity and inflammatory response), 

SERPINF1 (Serpin peptidase inhibitor, encoding an anti-proliferative and anti-angiogenic 

endopeptidase inhibitor) and TRPV2 (Transient Receptor Potential cation channel, encoding 

a mechano and thermo-sensitive cation channel, permeable to calcium, involved in the 

sensory perception of heat) The decrease in the expression of these 5 genes is transient, 

observed after a 6 h exposure and, except for TRPV2, does not persist after a 24 h 

exposure. 
 
The study is well described and rigorous. Classical statistical analysis of the data by t-test 

and multiple comparison suggests that continuous electromagnetic waves of frequency 60.4 

GHz have no impact on the transcriptome of human keratinocytes. A few rare genes (130 out 

of 41,000) have a significantly different expression after exposure in the absence of multiple 

comparison but, at least for those tested by RT-qPCR, the deregulation is only transient. 
 
 

The objective of the study by Le Quément et al. (2014) was to investigate the effect of 

millimeter waves on endoplasmic reticulum (ER) stress. The authors exposed cells from 

human skin cell lines (HaCaT, spontaneously immortalized human keratinocytes, and A375, 

human melanoma) for 20 min,1 h, 6 h, 16 h, or 24 h to 60.4 GHz exposure at areal power 

densities ranging from 1 to 20 mW/cm2 (the highest value corresponds to the Icnirp 

recommended exposure limit value. Dummy exposures (sham) were performed. The 

expression of 2 resident genes  
 

 
139 The Benjamini-Hochberg correction aims to eliminate false positives by performing a statistical analysis 

of all mRNA measurements (unlike the t.test which compares the values of the different replicates for a given 
mRNA obtained in the tested conditions (here exposure) and in the control conditions. 
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of the ER, BIP and ORP150, was examined by RT-qPCR. The results showed that millimeter-

wave exposure did not change the baseline levels of BIP or ORP150 mRNAs, regardless of cell 

line, exposure time or power level. Because millimeter-wave exposure induced a temperature 

increase proportional to the power level (42.98 C° for 20 mW/cm2), thermal controls were made 

by measuring the expression of the heat shock genes HSP27 and HSP70 by RT-qPCR. 

Exposure of cells for 24 h to power levels of 0-10 mW/cm2 did not alter the expression of HSP27 

and HSP70, but 24 h exposure to 20 mW/cm2 induced a significant increase in HSP27 and 

HSP70. As positive controls for ER stress induction, cells were cultured for 16 h in the presence 

of thapsigargin (TG, a compound that triggers ER stress by selectively inhibiting the ER Ca++-

ATPase pump), and it was verified that TG induced overexpression of BIP. TG-millimeter wave 

co-exposure assays were performed. The results showed that millimeter wave exposure at 20 

mW/cm² inhibited TG-induced overexpression of BIP and ORP150. Experimental controls 

showed that this inhibition was related to the thermal effect resulting from millimeter wave 

exposure. These results indicate that millimeter wave exposure does not alter the expression of 

ER stress response genes, but inhibits the response to an ER stressor at high power. 
 
 
 

The objective of the study by Habauzit et al. (2014) was to evaluate the effects of millimeter 

wave exposure in the 60 GHz band on genome expression. The assays were conducted 

using a pool of 3 primocultures (to limit individual variation) of human keratinocytes. The tests 

were conducted at 20 mW/cm² (exposure limit value recommended by the Icnirp for the 

public). At this level of power density, exposure induces an increase in the temperature of the 

culture medium. Thermal controls" were therefore introduced, in addition to a "sham" control, 

in order to be able to dissociate the effects of electromagnetic fields from the thermal effects 

of radio frequencies: an HSC (Heat Shock Control) control in which the cells were grown at 

the temperature reached in the cultures during exposure, and a CompT_Expo control in 

which the temperature increase due to exposure was compensated for by a decrease in the 

incubator temperature. Two sets of trials were conducted. 
 
In a first series, cells were exposed for 3 hours, transcripts analyzed by microarrays, and results 

verified by RT-qPCR. Millimeter wave exposure induced a temperature increase (+6.7°C) and a 

significant change in the expression of 665 genes in exposed cells compared to control cells. 

Most of the genes whose expression was altered correspond to chaperone and heat shock 

proteins. But, when the temperature was held constant, millimeter wave exposure did not induce 

changes in gene expression. However, the HSC controls did not exactly mimic the effect of 

exposure, suggesting a small specific electromagnetic effect under hyperthermia conditions: 34 

genes were differentially expressed. Twenty-two genes were selected on the basis of the 

magnitude of their change (> 1.5 or > 2) and its significance for verification by RT-qPCR: 

differential expression of 21 of these genes was confirmed. To verify the reproducibility of the 

observed millimeter wave effect, a second series of exposures was performed, and the 

expression dynamics of these 22 genes were studied over time (1, 2 and 3 h). After this second 

series of exposure and RT-qPCR analysis, only 7 genes were confirmed as differentially 

expressed. Among these genes, 3 (ADAMTS6, NOG and IL7R), coding for secretion factors 

involved in cell communication, 
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showed an increase in expression when exposed to millimeter waves and a slight decrease 

under HSC conditions, suggesting an effect of millimeter waves on gene expression, different 

from sham and HSC conditions, and a specific expression of some genes due to 

radiofrequencies.  
 

 

Soubere Mahamoud et al. (2016) aimed to evaluate the effect of millimeter wave exposure 

on human keratinocytes (primoculture and HaCaT cell line), and to observe the biological 

effects of millimeter waves when the cells were exposed to metabolic stress mimicking the 

Warburg effect. Using a microarray/whole genome approach, the authors analyzed genome 

expression changes in primocultured keratinocytes exposed to 60.4 GHz at a power density 

of 20 mW/cm² for 3 hours under athermal conditions (compensation of the temperature rise 

by decreasing the temperature setting of the culture oven). Under these conditions, no 

change in the keratinocyte transcriptome was observed. The authors then analyzed the 

effects of millimeter waves on cell metabolism by co-treating the wave-exposed cells with a 

glycolysis inhibitor, 2-deoxyglucose (2dG, 20 mM for 3 hours), assessing whole genome 

expression as well as (for HaCaT cells) intracellular ATP concentration. Exposure to 

millimeter waves did not alter ATP concentration, however, exposure to 2dG induced a 

significant (2-fold) decrease in intracellular ATP concentration of exposed and unexposed 

cells. This indicates that millimeter waves did not potentiate the energy stress triggered by 

2dG. In contrast to millimeter-wave exposure, 2dG exposure of cells induced a strong 

change in the transcriptome (632 coding genes), with the affected genes associated with 

transcriptional repression, cell communication, and endoplasmic reticulum homeostasis. 

Combined exposure to millimeter waves and 2dG slightly altered the 2dG-induced response, 

reflecting the ability of millimeter waves to interfere with the bioenergy stress response. 

Validation by RT-qPCR confirmed that 6 genes are differentially expressed when the 

metabolic shock response is associated with acute millimeter wave exposure: SOCS3, 

SPRY2, TRIB1, FAM46A, CSRNP1, and PPP1R15A. These 6 genes code for transcription 

factors or inhibitors of cytokine pathways, which, for the authors, raises a question about the 

potential impact of chronic or long-term exposure to millimeter waves on metabolically 

stressed cells. 
 

 

The objective of the study by Martin et al, (2020) was to test the generalizability of a modest 

effect of millimeter waves on the expression of some genes already investigated in a 

previous study by the same group (Habauzit et al., 2014), using the same exposure 

conditions. The study involves 3 primary culture models of human keratinocytes (HEK_3N, 

NHEK_3N, and HEK_1N from newborn foreskin cells) and a spontaneously immortalized, 

aneuploid human keratinocyte line that is derived from adult skin, the HaCaT line. The 

expression of the 3 genes ADAMTS6, IL7R, and NOG was monitored by RT-qPCR (genes 

used for normalization, TBP and GAPDH, Ct140 analysis) after 3 h exposure to 60.4 GHz 

continuous wave frequency, with a power density of 20 mW/cm², and a specific absorption 

rate  
 

 

140 method of analysis of quantitative PCR data. 
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maximum of 1.233 W/kg and mean of 0.594 W/kg. Experiments were replicated 3-6 times 

and results subjected to Mann-Whitney one-tailed tests. 
 
Treatment of cells with growth factors (interleukin-1 and Epidermal Growth Factor) increases 

the abundance of mRNAs corresponding to the three genes ADAMTS6, IL7R, and NOG, as 

expected, providing a positive control for the experiment. In contrast, the abundance of these 

mRNAs encoding ADAMTS6, IL7R, and NOG is not significantly different after exposure. 

However, three trends (increase, decrease, no change) are observed depending on the cell 

line, although the exposure is identical, indicating some variability whose origin remains to be 

identified. Martin et al. conclude that the cells of the 4 lines could present different 

sensitivities to electromagnetic waves.   
The scope of this study, involving only three genes, is very limited. The absence of a 

"temperature" control group, while according to Habauzit et al. the temperature in this system 

increases by 7 to 8°C, is a major weakness. 
 
 

The study by Habauzit et al (2020) aims to analyze the changes in gene expression in the 

skin of Hairless rats during exposure to 94 GHz waves. 
 
Rats are exposed to 94 GHz radiation using an EIK generator (Communications & Power 

industries, UK). For this, they are placed in an anechoic chamber at 20°C ± 1°C and exposed 

through a horn antenna, 3 h per day, 3 days per week, for 5 months. The distance between the 

rats and the antenna is 71 cm, which creates a homogeneous beam of 10 mW/cm² over an area 

of one meter. The temperature is recorded before and after the exposure with an infrared camera 

FLIR A320. Two experiments have been performed. The first experiment (E1) involves 14 adult 

male rats (14 weeks old; average weight 521 g), 6 rats are exposed and 8 rats (controls) undergo 

the same treatment but without exposure. The second experiment (E2) involves 17 young male 

rats (6 weeks old; mean weight 301 g), 9 rats are exposed and 8 rats undergo the same 

treatment but without exposure. Exposure does not affect the weight of the rats but induces an 

increase in skin surface temperature (1.0 ± 0.5°C for adults and 0.5 ± 0.5°C for juveniles) without 

changing the internal temperature. Rat skin mRNAs were extracted and hybridized with DNA 

microarrays to track the expression of 14,721 genes (GeneSpring software, Agilent technologies). 

The data are public (deposited on GEO: GSE132816, GSE132817 and GSE132818). Genes with 

mRNA abundance variation greater than a factor of 1.5 were retained, p-value calculated (Mann-

Whitney two-tailed test) and adjusted (Benjamini-Hochberg). The variation in mRNA abundance 

was considered significant when the p-value was less than 0.05. 
 
Overall, 1% of genes (156 for E1 and 120 for E2) show a variation in mRNA abundance 

greater than 1.5. After Benjamini-Hochberg correction, only 14 genes show a variation in 

mRNA abundance after exposure for E1 and 4 for E2, none of them are common to E1 and 

E2, they are probably false positives. The expression of genes encoding heat-shock, 

inflammation or DNA repair proteins is not modified after exposure. 
 
This large-scale transcriptome analysis is rigorously performed. It concludes that long-term 

exposure to 94 GHz waves does not alter gene expression in the skin of rats, even though a 

small increase in skin temperature is recorded. 
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6.4.1.2.3Conclusion  and evaluation of level of evidence 
 
In conclusion, these transcriptome analyses, performed in the same laboratory and, for two of 

them, on the same keratinocyte system, show that few genes show a variation in the expression 

of mRNA abundance under the effect of millimeter waves. The rare variations are very modest 

and most often transient. It would be desirable to perform similar studies on other skin cell models 

in order to confirm or deny this marginal effect of millimeter waves on the transcriptome. In 

addition, high-throughput RNA sequencing (RNA-seq), which is exhaustive and more precise, 

would be an interesting contribution, particularly because it would allow the analysis of microRNA 

or non-coding RNA variations. Thus, the available evidence does not allow us to conclude 

whether or not millimeter waves have an effect on genome expression. 
 
 

6.4.1.3 Other effects on skin cells 
 
6.4.1.3.1Analysis of  the bibliographic corpus 
 
The literature search identified three additional publications addressing the effects of 5G 

radio frequencies on the skin or on skin cells that were deemed of sufficient quality to be 

included in a level of evidence assessment. 
 
 

Building on previous results that suggested millimeter waves could increase intracellular calcium 

spikes in neuronal cells, Sun et al. (2012) investigated the modulation of calcium dynamics by 

millimeter waves (94 GHz, 30 or 60 mW) in an in vitro co-culture system of murine P19 cells 

induced to differentiate into neuronal cells and human epidermal HEKn keratinocytes. In this 

system, the cells were not in direct contact, but in opposing single-cell layers separated by 200 

µm (wave penetration in the medium being only about 115 µm). The tests were conducted at 

room temperature (about 22°C), without forced cooling. At rest, keratinocytes showed a calcium 

peak frequency of 8.2 ± 0.8 per hour. Exposure for 60 min to millimeter waves (60 mW) induced a 

significant increase in calcium peak frequency (17.7 ± 1.5 peaks/60 min; p<0.05). In comparison, 

at a temperature of 32°C, the number of calcium spikes increased to 11.8 ± 1.7, and to about 15 

for 42°C. In co-culture with neuronal cells, exposure of keratinocytes (because of the distance 

between the two cultures, it is unlikely that exposure could affect the calcium dynamics of 

neuronal cells) altered the number of calcium spikes in unexposed neuronal cells. At 30 mW 

power, exposure significantly increased the number of calcium spikes in neuronal cells, but at 60 

mW power, exposure decreased the number of spikes compared to the unexposed control. Since 

ATP is a major factor in modulating calcium spike formation in neuronal cells, the authors 

measured ATP in the medium in response to exposure to 94 GHz and showed that this secretion 

was increased by a factor of 5 for 30 mW power and by a factor of 10 for 60 mW. To confirm the 

role of ATP in the induction of calcium spikes in neuronal cells following keratinocyte exposure, 

the authors conducted tests in the presence of an ATP channel blocker and observed that 

calcium spike activity was completely inhibited. Furthermore, the addition of 0.1 µM ATP to the 

medium stimulated the production of calcium spikes, whereas a concentration of 10 µM inhibited 

it. This suggested a mechanism in which 94 GHz exposure of keratinocytes would induce ATP 

production that would modulate the calcium dynamics of unexposed neuronal cells, and excess 

ATP could inhibit 

 
 

 
Public consultation version page 162 / 241 March 
2021



Anses ● Collective expertise report Referral n° 2019-SA-0006 "5G"  

 

and not stimulate the production of calcium spikes. This mechanism would involve the 

participation of purinergic receptors (P2X2 and P2Y2), which the authors verified to be 

abundantly expressed in undifferentiated and differentiated P19 stem cells. A simulation 

using a mathematical mechanistic model developed to study ATP-dependent and purinergic 

receptor-mediated calcium dynamics is in agreement with the experimental results and 

suggests the involvement of ATP-sensitive purinergic receptors. The authors conclude that, 

in this co-culture model, intracellular calcium dynamics are regulated by cell-millimeter wave 

and cell-cell interactions. Thermal camera measurements indicate that in response to a 60 

mW exposure, the temperature in the culture chamber increases rapidly and reaches 

equilibrium within 10 seconds, a maximum increase of +8°C was observed. Since the 

exposures were made for 60-minute durations, it is not possible to completely eliminate a 

thermal effect, although the authors did perform tests increasing the temperature to 32 and 

42°C. Under these conditions, the unexposed control remained at room temperature of 22°C.  
 

 

Franchini et al. (2018) exposed human fetal fibroblasts (foreskin fibroblast cell line HFFF2) or 

adult fibroblasts (dermal fibroblast cell line HDF) for 20 min to intermittent waves in a broad 

frequency band between 100 and 150 GHz (out of the scope of this analysis) and to continuous 

wave exposure at a frequency of 25 GHz at a power of 20 mW, and evaluated the potential 

effects of these exposures on genome integrity, cell cycle, cytological ultrastructure, and protein 

expression. During the exposure, the exposed samples and 
 
« sham " have approached the ambient temperature, the temperature variation being of the 

order of ± 0.3°C for the 100-150 GHz exposure, and of ± 0.6°C for the 25 GHz exposure (in 

this last case, the source of the temperature increase coming from the heat dissipated by the 

exposure system) 
 
The results of analyses performed on fetal and adult fibroblasts exposed to 100-150 and 25 

GHz frequencies suggested that these frequencies did not induce direct DNA damage 

(assessed by comet assay, γ-H2AX foci, and CREST-negative micronuclei corresponding to 

the presence of chromosome fragments), but indirect effects leading to aneuploidy 

(significant increase in CREST-positive micronuclei corresponding to the presence of a whole 

chromosome; results confirmed by the increased incidence of chromosome non-disjunctions 

in the exposed samples). Analysis of telomere length showed no significant modulation after 

exposure, suggesting that this structure is not involved in chromosome mis-segregation. 
 
Flow cytometry analysis of the cell cycle of fetal and adult cells showed that exposure to 100-

150 GHz or 25 GHz did not affect cycle progression. No changes in the expression of heat 

shock proteins and pro-survival signaling proteins (NF-kB, ERK1/2, AKT) were observed for 

either exposure frequency. Markers of apoptosis activation (PARP-1 cleavage, pro-apoptotic 

proteins) were not altered by 100-150 GHz exposure, and there were no differences in the 

expression of the cytoskeleton proteins, actin and tubulin, in both cell types (results not 

reported for 25 GHz exposure). 
 
 
 
 
 
 

 
Public consultation version page 163 / 241 March 
2021



Anses ● Collective expertise report Referral n° 2019-SA-0006 "5G"  

 

For cells exposed to 100-150 GHz, morphological analysis by light microscopy showed no 

difference between exposed cells and controls for fetal and adult cells. 
 
Ultrastructural analysis showed, 1 h after exposure to 100-150 GHz and in both cell types, a 

substantial increase in the polymerization of fine and intermediate filaments, under the 

plasma membrane and in the cytoplasm, as well as a slight increase in lysosomes and the 

presence of pinocyte vesicles. However, these changes appeared to be transient, with 

analysis 48 h after exposure showing no difference, except for a slight increase in the 

polymerization of cytoskeletal filaments. On the other hand, exposure to 25 GHz showed no 

difference between exposed and "sham" cells, and cytoskeleton filament polymerization was 

normal.   
In view of the differences observed in the polymerization of cytoskeletal filaments following 

exposures at 100-150 and 25 GHz, the authors suggest that the aneuploidy obtained by 

these two exposure frequencies could result from different mechanisms. The power density 

of the 100-150 GHz exposures is not clearly mentioned, just implied to be low.    
A study by Le Pogam et al. (2019) investigated the effect of 60.4 GHz exposure for 24 h  
à A power density of 20 mW/cm² on lipids and metabolites of early passage cells of the 

HaCaT line cultured at constant temperature by decreasing the oven temperature to 

counteract the temperature increase induced by millimeter wave exposure. After exposure, 

lipidomic and metabolomic profiles in both intra-cellular and extra-cellular fractions (culture 

medium aliquot) at positive and negative polarities were determined. 
 
The results show a limited number of modified features in the lipidomic profiles and in the 

intracellular metabolomic analyses, regardless of the ionization mode (less than 6 modified 

features). In contrast, significant deregulations were observed in the extracellular 

metabolomic profiles, with 111 and 99 changes after exposure on positive and negative 

adducts, respectively. 
 
The authors believe that this unexpected magnitude of changes can hardly come from the 

slight modifications reported by transcriptome studies, and hypothesize that millimeter waves 

may alter the permeability of cell membranes, as has been reported by other studies on 

phospholipid models of cell membranes. 
 
 

Other papers concerning effects on skin cells were analyzed in other sections of the report: 

Franchini et al. 2018, in the "Genotoxicity" section (see Chapter 6.4.5), as well as Geyikoğlu 

et al. 20149 and Mumtaz et al. 2020, analyzed in the section on 3.5 GHz (see Chapter 6.3). 
 
The reviewed article by Hamed et al, 2018 was not included in the level of evidence assessment. 

This paper is devoted only to theoretical calculations of SAR and temperature rise at different 

frequencies on two models (cylindrical phantoms) of human tissues (monolayer and triple layer 

skin, adipose tissue, muscle) based on the dielectric properties of human organs. The 

calculations are performed for a plane antenna placed at 3 different distances 0.5, 3 and 5.5 mm, 

without analysis of biological effects. 
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6.4.1.3.2Conclusion  and evaluation of level of evidence 
 
For a continuous signal of frequency 25 GHz, one study (Franchini et al., 2018) showed no 

direct genotoxic effect on fetal and adult human fibroblasts, but the possibility of an indirect 

aneuploidy effect resulting from chromosome non-disjunction. 
 
For a frequency of 60.4 GHz, and at high power, five studies from the same group (Le 

Quément et al., 2012 and 2014, Habauzit et al., 2014, Soubere Mahamoud et al., 2016, and 

Martin et al., 2020) on human keratinocytes, did not show changes in the transcriptome 

under athermal conditions. On the other hand, these studies suggested the possibility of 

induction of expression of a few genes under elevated temperature conditions. However, 

different cell types might have different sensitivities to electromagnetic waves. These studies 

also suggested that exposure to radiation could interfere with the cellular response to stress. 

Another study from the same group (Le Pogam et al., 2019) showed a change in extracellular 

lipidomic and metabolomic profiles and suggested that this change could result from altered 

cell membrane permeability.   
For a frequency of 94 GHz, an in vitro study (Sun et al., 2012) showed the increase in the 

frequency of intracellular calcium peaks of human keratinocytes and the increase in their 

ATP production, potentially modulating the calcium dynamics of neuronal cells not exposed 

but co-cultured with exposed keratinocytes. In vivo, Habauzit et al (2020) showed that long-

term exposure to 94 GHz waves does not alter gene expression in rat skin, even though a 

small increase in skin temperature is recorded. 
 
These studies are too diverse and too few in number to conclude whether or not there is an effect 

of the 24 - 60 GHz frequency range on human skin. These studies do not show a direct genotoxic 

effect, but may indicate the possibility of an indirect effect (aneuploidy). No effect on the 

transcriptome was detected, apart from transient effects on the expression of a few rare genes 

involved in the response of cells to stress. 
 
Furthermore, almost all of the references cited concern the work of a single research team. 

 

6.4.2 Effects on the eye 

 

6.4.2.1 Presentation of the eye 
 
The eye is the organ of the senses allowing to translate into nerve impulses the luminous 
radiations.  
It consists of three superimposed layers (see Figure 34). 
 
The external layer is made up of the cornea and the sclera. The cornea, transparent, allows 

the entry of the light in the eye. It contributes to the convergence of the image towards the 

retina and protects the eye against infections and external aggressions. The sclera forms a 

layer of connective tissue that protects the deep tissues and maintains the shape of the eye. 

The visible part of the sclera (the white of the eye) is covered by a transparent mucous 

membrane, the conjunctiva. The middle layer of the eye is composed of the iris, the ciliary 

body and the choroid. The iris controls the size of the pupil, the ciliary body controls the 

shape, and therefore the refractive power, of the lens. The ciliary body also produces 

aqueous humor. The choroid is a highly vascularized layer that provides oxygen and 

nutrients to the outer layers of the retina. 
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The innermost layer of the eye is the retina; it is a layered neural structure of neurons that 

captures light and provides the primary processing of the resulting nerve signal. 
 
À Within this trilaminar structure are the aqueous humor, the lens and the vitreous humor.  
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Figure 34: Diagram of the structure of the eye 

 

 

As mentioned above, a distinction must be made between the thermal and non-thermal 

effects of RF on the eye. Thermally, the anterior segment does not have efficient temperature 

dissipation, unlike the posterior segment where the choroidal circulation is very efficient. 

Moreover, the anterior segment is closer to the ambient temperature, unlike the posterior 

segment where the intensity of the choroidal circulation and the phototransduction process 

increase the temperature which is a little higher than the body temperature (essentially at the 

level of the retinal pigment epithelium). 

 

6.4.2.2 Results prior to 2012 on the effects of radio frequencies on the eye 
 
In animal models, it was shown that acute exposure to 60 GHz at 1 mW/cm² for 6 min could 

generate ocular damage in rabbits (Kojima et al., 2009). These results confirm an earlier 

report on rats showing induced changes in the lens predisposing to the development of 

cataract (Prost et al., 1994). However, other observations have shown that a single (8 h) or 

repeated (five consecutive days for 8 h) exposure to 60 GHz (10 mW/cm2) did not induce 

lesions in rabbits and non-human primates (Kues et al., 1999). 
 
One of the effects most noted in the literature is the appearance of cataracts. Lipman et al. 

(Lipman et al., 1988) noted that waves in the MHz range most often cause subcapsular opacities, 

both in laboratory animals and in epidemiological studies. Cutz and colleagues (Cutz et al., 1989) 

show that opacities require relatively high power (above 100 mW/cm2). Kues and Monhan (Kues 

and Monhan, 1992), studied the effects of low-intensity microwave radiation on the primate eye 

using frequencies of 1.25 and 2.45 GHz 4 h per day for 3 consecutive days. They identified 

corneal damage, increased vascular permeability, and degeneration of retinal photoreceptors. 

Sasaki and colleagues (Sasaki et al., 2014) reported their in vivo experiments on rabbits for 

frequencies ranging from 24.5 to 95 GHz, measuring the elevation of 
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temperature. Their studies suggest that corneal damage occurred at an incident power 

density of 300 mW/cm2. 
 

6.4.2.3 Analysis of the bibliographic corpus 
 
The bibliographic search revealed 3 publications studying the effects on the eye that were 

considered of good quality. One publication shows effects on the rabbit cornea, and two 

publications show an absence of genotoxic effects or heat shock protein expression on cells in 

culture. To this body of publications from the literature search were added two publications 

provided by the Anses "Radiofrequency and Health" dialogue committee (Parker et al., 2020) and 

(Kojima et al., 2019). 
  
Among these publications, the work of Kojima and colleagues (Kojima et al., 2018) aimed to 

develop models of ocular damage in rabbits to assess their clinical course. The eye damage 

is induced by exposure to waves in the 40-100 GHz frequency band. They also evaluated the 

dependence of ocular damage on incident power density. 
 
One hundred and thirty rabbits were used. The eyes, kept open during exposure, were 

hydrated with a saline solution to avoid drying. The right eye was exposed, the unexposed 

left eye served as a control. 
 
One hundred and five rabbits were exposed for 6 minutes to radio frequencies in the 

following pattern: 
 
10-600 mW/cm2 (40 GHz); 50-300 mW/cm2 (75 GHz); 50-300 mW/cm2 (95 GHz).  
Twenty-one rabbits are exposed for 30 min to 75 GHz (10-300 mW/cm2).  
A positive thermal control, i.e., a group for which the temperature of the ocular surface was 

increased to 38°C, was performed on the last 4 rabbits, by exposure to a 60 W desk lamp. 
 
Temperature is measured by a thermal camera. The examination of ocular damage is 

performed by fluorescein marking, which attaches to the corneal surface when the epithelium 

is damaged. This marking is interpreted by measuring the thickness (possible variations in 

thickness depending on the corneal damage) and opacity of the cornea. The effects are 

evaluated 10 minutes after exposure, then after 1, 2 or 3 days. 
 
The results show that: 
 
at identical frequency and power, corneal alterations are more important if the exposure time 

is increased; 
 
At the same power density, the temperature increase of the cornea depends on the 

frequency; it is significantly higher at 75 GHz than at 95 GHz; 
 
lesions are very weak at 100 mW/cm², but are observed for all animals for the 3 frequencies 

when the incident power density is high (500-600 mW/cm2 for 40 GHz, 300 mW/cm2 for 75 

GHz);  
At 1 day after exposure, damage to the stroma and epithelium is greatest. At 3 days, these 

effects tend to disappear;  
50% probability of eye damage is calculated (DD50): 40 GHz (206 mW/cm2) > 95 GHz (146 

mW/cm2) ≈ 75 GHz (143 mW/cm2) ; 

these effects are not temperature dependent 
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This work presents an animal model that allows the study of different effects of 

radiofrequencies on the cornea. However, the number of experiments and animals per 

condition is highly variable and sometimes small. In their discussion, the authors state that 

since humans blink more frequently than rabbits, exposure to this radiation should not induce 

damage to the corneal epithelium in humans. However, they fail to mention that corneal 

healing in rabbits is better than in humans.   
In a later work (Kojima et al., 2019), the same group examined the influence of humidity on 

RF-induced ocular surface damage. They investigated the difference between the 

temperature increase induced under high (70%) and low (30%) relative humidity conditions. 

The eyes of pigmented rabbits (Dutch, 11-15 weeks old) were exposed unilaterally to 40 GHz 

with a power of 200 mW/cm2 for 5 or 30 min with an antenna focused in the center of the 

pupillary area, at a distance of 135 mm from the antenna aperture. Infrared thermography 

was used to measure the temperature of the corneal surface during exposure. The 

temperature of the corneal stroma and lens nucleus were measured with a fluoroptic 

thermometer (microencapsulated thermochromic liquid injected into the anterior chamber). 

Temperature differences were evaluated by a paired t test. The normal distribution of the 

data and their homocedasticity were tested by the Kolmogorov-Smirnov and F test, 

respectively. After 4 min of exposure, the temperature was increased throughout the anterior 

chamber in both exposure conditions. Corneal surface, corneal stroma, and lens 

temperatures were all higher in the high humidity (70%) environment than in the low humidity 

(30%) environment. At low humidity, the corneal surface temperature reached 35.5°C, 

whereas at high humidity it reached 37.3°C. For the stroma, it was 36.6°C and 38.3°C, 

respectively. The temperature of the lens nucleus was measured at 35.6°C and 37.3°C. The 

measurements were much higher in high humidity than in low humidity. 
 
Still on the study of the cornea in vivo, the publication of Parker and his colleagues (Parker et 

al., 2020) was analyzed. This is more of a publication that deals with exposure. As in the 

previous publications, thermal effects on the primate cornea caused by 35 and 94 GHz 

waves were reported. This study examined corneal heating rates and compared them to a 

multilayer thermal model incorporating convection. Sixteen male rhesus monkeys, aged 2 to 

15 years and weighing 8 to 12 kg were exposed to the waves (no more than 2 W.cm-2 and 3 

J.cm-2). The temperature changes that occurred during the exposure of the corneas to the 

radiofrequencies were measured using an infrared camera. 
 
Each member of a group was exposed to two of three possible power densities (0.5, 1.0, or 

2.0 W.cm-2), one in each eye. Each exposure was set for a fluence of 3 J/cm2, so the 

duration of each exposure was 6.0, 3.0, and 1.5 s, respectively. Because the central anterior 

structures of the eye do not have blood vessels, a 1D exposure model involving the 

thermodynamic and electrodynamic properties of the tissues was used to compare with the 

observational data. The thermal data are in agreement with a three-layer thermodynamic 

model, which is useful for evaluating and simulating the temperature rise in the cornea. 
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The other publications evaluated were by Koyama in 2016 (Koyama et al., 2016) and in 2019 

(Koyama et al., 2019). They focus on the same 2 human cell lines, corneal epithelial cells, 

HCE-T, and lens epithelial cells, SRA01/04. 
 
The only difference between these publications is the frequency of the signal., 40 GHz for the 

2019 one, 60 GHz in the 2016 study. 
 
The objective of the 2016 study (Koyama, Narita et al., 2016) was to investigate the non-

thermal effects of 60 GHz waves on genotoxicity and heat shock protein (HSP) expression. 

For this, micronucleus formation, comet assay, and heat shock protein (HSP 27, HSP 70, 

HSP 90α) expression were evaluated after exposure to 60 GHz signal for 24 h (1 mW/cm²) 

with temperature control (elevation less than 0.1 °C). Two positive controls were included: 1 

h of exposure to the genotoxic agent bleomycin or 2 h at 43 °C followed by 1 h at 37 °C. The 

results show no genotoxic effect of RF exposure, in contrast to the obvious and expected 

effects of bleomycin or increased temperature (43°C, 2 h). No heat shock response was 

observed either.   
This study was produced by a group of specialists in the field. It is clear, well presented and 

illustrated. It is carried out in blind with positive controls allowing to validate the absence of 

non-thermal effects observed with radiofrequencies on 2 cell types of the human eye. The 

statistical tests are adapted. 
 
The same group published a similar study at 40 GHz in 2019 (Koyama, Narita et al., 2019).  
They used the same experimental approach and the same cellular stress markers.  
The results are identical to those of the previous study. 

 

6.4.2.4 Conclusion and evaluation of the level of evidence 
 
In conclusion, the work carried out on cell lines does not show any effect of 40 and 60 GHz 

waves on cells from the human cornea or lens. It should be noted, however, that cells in 

culture, and in particular cell lines, very often show an increased resistance to stresses of 

any kind compared to the original cells. This aspect has not been evaluated in the reviewed 

works. 
 
The work done in rabbits shows an effect only at very high power densities. Two important 

elements should be noted: 1) studies concerning the effects on the eye are focused on 

thermal effects and 2) those concerning deeper tissues, in particular the lens, seem to have 

been abandoned in recent years. This is understandable because higher frequency waves 

penetrate less into the tissues. Nevertheless, the lens has a particular structure with a 

tendency to accumulate and alter over time. The anterior surface of the lens is in contact with 

the aqueous humor, on which it depends for its homeostasis. The composition of the 

aqueous humor depends on relatively superficial structures (such as Schlemm's canal and 

the trabeculum, located in the sclero-corneal region). It would therefore be important to 

continue studies on this organ. 
 
Therefore, the evidence does not support a conclusion as to whether or not there is an effect. 
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6.4.3 Effects on the central nervous system 

 

6.4.3.1 Presentation of the central nervous system 
 
The central nervous system (CNS) commands and controls the entire body. Its role is to 

receive, record, and interpret signals from the periphery and from internal sources, and to 

organize the appropriate response. The CNS is composed of i) the encephalon, which 

includes the brain, the brain stem and the cerebellum, ii) the spinal cord and iii) the brain 

stem.  
iii) the optic nerves. The encephalon is the main organ of the central nervous system. 

Located inside the cranium, it is responsible for sending motor nerve impulses (see definition 

below), for processing data transmitted by sensory nerve impulses (hearing, smell, etc.), and 

for higher functions such as language and complex cognitive processes (memory, attention, 

planning, reasoning, etc.). 
 
The brain is made up of two hemispheres (right and left) that communicate via a bundle of 

fibers, the corpus callosum. It is divided into 4 lobes (see Figure 35): 
 

the frontal (front) lobe is involved in the initiation and coordination of movements, higher 

cognitive tasks such as problem solving, thinking, planning, many other aspects of 

personality and 
 
emotions ;  
the parietal lobe (middle) is involved in sensory processes, attention and language; 
 
the temporal lobe (middle) plays a role in the encoding of auditory information and in the 

integration of information from other sensory modalities. It is involved in memory through the 

hippocampus, and in emotional memory through the amygdala; 
 
the occipital (back) lobe has a role in visual information including shape and color 

recognition. 
 
Among the brain structures studied in the literature, the hippocampus is the most 

represented for its involvement in memory in humans and animals. Moreover, this structure is 

located in the temporal lobe, at the level of the 2 ears and thus close to a cell phone during a 

telephone conversation. 
 
The cellular elements that make up the CNS are the neuron (composed of a cell body or 

soma, dendrites, axon, and synapses, see Figure 35) and the glial cells (astrocytes, 

oligodendrocytes, microglia, and ependyma). The gray matter is formed by the cells and the 

white matter by the fibers (axons of neurons). 
 

Neurons are cells specialized in the reception, integration and transmission of information. They 

are integrated in multiple ordered and hierarchical networks, in charge of receiving and 

transmitting a signal or coordinating a complex function.  The transmission of information (nerve 

impulses) between neurons or between a neuron and an effector (muscle, secretory cell of a 

gland) takes place at the level of synapses, specialized contact zones ensuring the transfer of 

signals between cells. Synapses are either electrical (present in many tissues) or, more often, 

chemical (neurotransmitters, only in the nervous system). It is the neurons that carry the nerve 

impulse, i.e. the electrical potential moving along the axon after stimulation of the neuron's cell 

body. The action potential is a transient variation of the membrane potential triggered following a 

stimulation. This stimulation can 
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The action potential can be derived from another neuron, or from the stimulation of a sensory 

receptor (e.g. on the surface of the body [skin], in the body [organs]). The action potential 

occurs in different stages: depolarization, repolarization and hyperpolarization (see Figure 

35). 
 
The electrical properties of neurons are the basis of in vivo or in vitro electrophysiological 

studies in animals or clinical studies in humans (electroencephalography or EEG, exploration 

of the electrical activity of the brain during wakefulness and sleep, somato-sensory, motor or 

cognitive evoked potentials).   
Glial cells are the supporting tissue of the nervous system, providing a link to the blood 

vessels and supplying essential nutrients for the metabolic functioning of the CNS. These 

cells, unlike neurons, can multiply and even proliferate and become cancerous. Astrocytes 

are the most numerous and represent the support tissue, they ensure the metabolic support 

and the synthesis of the components of the nervous system, they are also the components of 

the blood-brain barrier. The olygodendrocytes elaborate the myelin that surrounds the axons, 

and the microglial cells are macrophages with phagocytosis properties that ensure the role of 

immune defense. 
 
Astrocytes and microglia, as well as their specific markers (e.g. GFAP, OX-42, ED1, 

cytokines...), are studied in animals for inflammation in response to various environmental 

stimuli, including radiofrequency. 
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Figure 35: Presentation of the central nervous system (left), a neuron (middle) and an action 
potential (right) 

 
 
 

6.4.3.2 Analysis of the bibliographic corpus 

 
Seven publications were reviewed and evaluated of sufficient quality to be included in the level of 

evidence assessment. One study was conducted in humans (Partyla et al., 2017) and 6 in vitro 

studies in several cultured neuron models (Haas et al., 2016a, 2016b, 2017; Romaneko et al., 

2014, 2019 : Samsonov and Popov, 2013). The study by Partyla et al. concerned pain-relieving 

effects. The in vitro studies focused on the electrophysiological response, neurite growth, 

dopamine metabolism, and possible mechanisms of potential pain effects (nociception/anti-

nociception or analgesic/antalgic) of RF. The anti-nociceptive or analgesic effects of 

radiofrequencies in the so-called "millimeter wave" range have been investigated for many years. 
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Many years of research have been carried out on humans and animals, with contradictory 

results. Indeed, frequencies in the 40-60 GHz range (or even 30-70 GHz), at power densities 

of 1 to 10 mW/cm2 , have been used in therapy for more than 30 years, particularly in Russia 

for their claimed analgesic properties (e.g. headaches, joint pain, post-operative pain and 

neuropathic pain141 (Usichenko et al., 2006)). This explains why most studies have focused 

on these aspects to understand the cellular and molecular mechanisms at the brain level. 

Three studies were not included (Shiina et al.,2014; Degoyan et al., 2012; Sivachenko et al., 

2016) and are described briefly.   
Study in humans 
 
The human study by Partyla et al (2017) investigated the hypoalgesic (pain-relieving) effects 

of radiofrequency. It involved a cohort of 20 young, healthy male volunteers. They were 

exposed to a radiofrequency signal (42.24 GHz, intensity  
< 17.2 mW/cm2, condition called "generator-RF") using a generator and an antenna located 

less than 1 cm from the skin, at the level of the sternum. The subjects underwent 4 sessions 

of 30 min at 24 h intervals. They were also exposed to two control situations: placebo on the 

one hand (called "generator condition - no RF") and "noise" on the other hand (condition 

called "generator, 50-70 Hz"), the latter corresponding to the noise emitted by the generator. 

A basal condition was also included (no RF exposure, no generator). All exposures were 

performed according to a randomized, double-blind, crossover protocol. The pain threshold 

was evaluated by the CPT (cold pressure test): the subject placed his hand in ice water (1°C) 

and the latency time until the pain was felt was measured. The CPT test was performed 6 

times (at least 24 hours apart). Other parameters evaluated were blood pressure, heart rate, 

incidence of a subjective sensation (e.g. paresthesia) during exposure. The results show that 

although some parameters, such as pain threshold, pain sensation latency (difference 

between pain tolerance and pain threshold in seconds) or diastolic pressure, increase 

significantly with RF exposure compared to the basal and "noise" conditions, no difference is 

observed compared to the placebo condition. These results therefore do not validate the 

authors' initial hypothesis of a hypoalgesic effect of radiofrequencies, at least in the 

conditions of the study. This study is of good quality, with a slight reservation concerning the 

choice of certain statistical tests. 
 
In vitro studies 
 
The 2 studies by Romanenko et al. focused on neuronal electrical activity in response to 

radiofrequency exposure. In 2014, Romanenko et al. measured the physiological effects of a 

radio frequency signal (60 GHz, continuous signal, density of  
 
 
141 Several types of diseases can cause neuropathic pain: neurological diseases (Parkinson's, multiple 
sclerosis, stroke), metabolic diseases (diabetes), infectious diseases (shingles), AIDS or cancer, and 
chemotherapies. This results in lesions of the central or peripheral nervous system in areas involved in 
the transmission and control of pain.  
Neuropathic pain has two components: a permanent burning or stabbing type of pain to which can be 
added transient painful episodes. The latter, called paroxysmal attacks of pain, are characterized by a 
spontaneous and short-lived intensification of pain that can be acute, even unbearable, with a 
sensation of electric discharge or stabbing. Other transient, non-painful sensations may also be 
perceived (tingling, numbness, tingling). This type of pain often resists conventional pain treatments 
(analgesics). 
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power = 1, 2 and 4 mW/cm2) for 1 min on cultured leech ganglion neurons. The objective 

was the identification, quantification, and visualization of the shape of action potentials under 

radiofrequency effects, in comparison with those induced by a similar, gradual increase in the 

temperature of the incubation medium (0.4 °C/s, i.e. 2.4 °C/min). Ganglia temperature was 

recorded using a fiber-optic system and spectrophotometry (resolution 0.05 °C, response 

time < 100 ms), and that of the medium by a Thermistor probe, (accuracy 0.01 °C). The 

resting action potentials of each cell studied were recorded with an intracellular 

microelectrode. The results show that for both conditions (RF exposure and temperature), a 

similar dose-dependent increase in neuronal hyperpolarization (membrane potential 

becomes more negative [K+ ion efflux or Cl- ion efflux]) and a decrease in action potential 

amplitude were observed. However, the narrowing of the action potential shape (ascending 

and descending phases) is 5-fold more pronounced with RF exposure (4 mW/cm2) 

compared with that observed after the 0.6°C temperature increase. Furthermore, the rate of 

neuronal discharge is suppressed by RF at all 3 power densities (persistent for the duration 

of exposure for 1 mW/cm2, transient for 2 and 4 mW/cm2), whereas it increases in a dose-

dependent manner with the gradual increase in temperature. These direct effects of 

radiofrequencies disappear 5 s after the end of the exposure. The authors hypothesize that 

the mechanism associated with the non-thermal effects of RF involves a specific interaction 

of the wave energy with the neuron membrane. The authors propose that the inhibitory effect 

of RF could be used to suppress (down-modulate) pain as already shown in animals and 

humans (e.g. Radiesky et al., 2008; Usichenko et al., 2006). This study is of high quality, 

presenting numerous results, with a solid statistical analysis.  
 

 

The 2nd study performed by this team, following up on the 2014 work, focused on nociception, 

i.e. the cellular mechanisms processing painful signals (Romanenko et al., 2019). For this, the 

authors studied the response of primary sensory neurons or nociceptors (NI) from ganglia of the 

medicinal leech: these are active when exposed to a painful stimulus (pressure, chemical or 

osmotic agent, temperature changes). The temperature sensitivity is attributed to the presence of 

a receptor, the transient receptor potential vanilloid-1 (TRPV1)-like capsain receptor activated by 

temperatures of 42-45°C, but this receptor is also sensitive to changes in osmolarity. 

Electrophysiological recordings were performed using a glass microelectrode positioned in the 

selected neuron under microscopic control. The preparation was exposed to a radio frequency 

signal (60 GHz, continuous signal, power density 170 mW/cm2) for 3 to 5 min. A temperature 

control was systematically included. The 1st experiment showed that RF exposure altered the 

threshold for neuronal activation (triggering of action potentials or APs) which was about 50% 

lower than that observed in the temperature control. The exposure does not modify the excitability 

of NI neurons, nor the membrane resistance, nor the voltage-dependent conductances. 

Moreover, the RF response of NI neurons is abolished in the presence of a TRPV1 receptor 

antagonist, showing that these effects could result from activation of these receptors. In order to 

test the possible role of osmolarity change rather than temperature change - TRPV1 being 

sensitive to these two parameters - the recording of another type of neurons (sensitive to 

mechanical stimuli), the N-medial neurons (Nm) not possessing TRPV1 receptors but 
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TRPV4 receptors (sensitive to osmolarity) was performed. The authors show no alteration by 

radiofrequencies of the activity of Nm neurons. These data confirm that the sensitivity of NI 

neurons is due to the activation of TRPV1. As this receptor is sensitive to extracellular 

calcium levels, the next experiment consisted in testing the effects of radiofrequencies on NI 

neurons in the presence of a high calcium level: the latter cancels out the effects of 

radiofrequencies on the action potential firing threshold. Finally, in the last experiment, an in 

silico model, i.e. a computer model and simulations, was developed. It allowed to confirm the 

experimental data and to propose that among the potential mechanisms of effects of 

radiofrequencies, the most effective is the sensitization of TRPV1 via their thermo- and 

osmo-sensitivity. The authors conclude on the interest of the use of this type of 

radiofrequency signals within the framework of neurostimulation and the treatment of chronic 

pain. This good quality, well constructed and rigorous study proposes a potential mechanism 

of non-thermal effects of radiofrequencies on nociceptors.  
 

 

The publication by Haas et al. (2016a) also concerns pain and its mechanisms, with the study of 

the expression of specific proteins (TRPV1 and TRPV2), voltage-dependent cation channel-

receptors (see Romanenko et al., 2019 above) and P2X3, a purino receptor also functioning as a 

cation channel. For this, the authors studied the effects of RF (60.4 GHz, continuous signal, 10 

mW/cm2) for 24 h on cultured PC12 cells (clone NS-1). PC12 cells are derived from rat adrenal 

gland tumors. They differentiate and display a neuronal phenotype in the presence of Nerve 

Growth Factor (NGF) and are then considered as a model of neurons in culture. The expression 

of the heat shock protein HSP70 was measured as a marker of cellular stress. Two control 

groups were included: sham (no RF exposure, 37°C) and temperature (heat control or HC, 

38.6°C, similar  
à temperature observed with RF [38.8°C]). In addition, a positive control MG132 (proteasome 

inhibitor, inducing proteotoxic stress) was included to study HSP70 expression. An original 

approach was the use of "cellomics array scan" which allows to visualize the fluorescence of 

individual cells. The results show no specific effect of radio frequencies on the expression of the 3 

proteins of interest. The authors conclude that the hypoalgesic effects of radiofrequencies would 

not be linked to 

à a modulation of the expression of these proteins, and that the measurement of the activity 

of these ion channels would deserve to be investigated. 
 
The results of this study showing no involvement of specific pain receptors such as TRPV1 

differ from those of Romanenko et al. 2019, who propose a possible role of these same 

TRPV1 receptors in the analgesic effects of RF. However, the approaches differ; Haas' study 

proposes a time-lapse measurement of protein expression in a neuronal-like cell line, 

whereas Romanenko et al. measured the electrical activity of pain-specific neurons, the 

nociceptors. The exposure conditions also differed, very short term for Romanenko et al. (3-5 

min), longer term for Haas et al. 
 
 

The 2nd study by Haas et al. (2016b) aimed to investigate the effects of radio frequencies on 

neuronal differentiation in a model of NGF-treated cultured PC12 cells. The parameters 

investigated were neurite characteristics (length, angle, number/cell) as well as the 

expression of β3-tubulin, a cytoskeleton protein 
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specific neurons. Three groups were included: radiofrequency (60.4 GHz, continuous signal, 10 

mW/cm2), sham and temperature control (HC - heat control). The results show that 

radiofrequency exposure for 24 h has no effect on neuritic growth, nor on neuronal differentiation 

(β3-tubulin protein expression and rate of neurite presence on cells). The authors discuss this 

negative result with regard to the type of signal (continuous) and the high frequency of the 

radiofrequency signal used. Data from the literature seem to show the importance of signal 

modulation on the neuritic growth of PC12 cells (Zhang Y et al., 2005, BEMS). These authors 

have shown an inhibition of the formation of PC12 cell neurites (+NGF) after exposure to 
 
à an intermittent RF signal (50 Hz, 10% cycle occupancy), a phenomenon not observed 

when the RF signal is continuous (no difference with the control condition without exposure). 

By increasing the time of presence of the signal (percentage pulse duty, 30%, 50%, 80%...), 

the number of cells forming neurites progressively increases to reach a maximum with a 

continuous signal. On the other hand, if we measure the length of the neurites, the opposite 

effect is observed, i.e. a decrease of their length with the increase of the percentage of 

occupation of the signal, to reach a minimum when it is continuous. These data show the 

complexity of the interactions of radiofrequency waves with cells in culture and the role of 

their characteristics (continuous vs. continuous signals) in the interaction.  
intermittent). 
 

 

The 3rd study by Haas et al. (2017) was also performed with the NGF-treated cultured PC12 

cell model. The objective was the study of the impact of RF exposure for 24 h (60.4 GHz, 

continuous signal, power density 5 mW/cm2) on dopamine metabolism. Indeed, PC12 cells 

possess the whole metabolic machinery (synthesis, release, transport and catabolism) of 

dopamine, considered as an indicator of the global neuronal activity and metabolism. The 

parameters studied were: i) turnover of intra- and extracellular dopamine (DA) and its 

metabolite (DOPAC), as well as the accumulation kinetics of extracellular DOPAC, measured 

by HPLC, and ii) expression of DAT (dopamine transporter) protein and β-actin (control 

protein) by immunohistochemistry. Three groups were included: sham, RF exposure and 

temperature control (HC - heat control). The results show that RF exposure induces a 

moderate (non-significant) increase in extracellular dopamine and DOPAC content; this 

increase, which also appeared in the heat control (HC) condition, suggests an effect related 

to the increase in temperature (1-2 °C) of the environment following RF exposure. On the 

other hand, this exposure has no impact on the expression of the dopamine transporter (nor 

of β-actin) in condition with or without NGF (differentiated or not differentiated cells). 
 
It should be noted that the number of cultures or experiments (n = 4 or 5) for some 

measurements (intracellular DA and DOPAC content, DAT protein expression) is low and 

could explain the high standard deviations and the lack of firm conclusion about the possible 

effects of RF on cellular dopamine metabolism. Finally, the immunohistochemical approach 

to protein expression does not allow true quantification, unlike the western blot technique. 
 
 

Samsonov and Popov (2013) investigated the thermal and non-thermal effects of radio 
frequencies (94 GHz, power density 31 mW/cm2) on cultured neurons (Xenopus embryo 
model) on the assembly rate of microtubules, components of the 
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The aim of their approach was to understand the mechanisms of thermal nociception 

involving several subtypes of channels, such as TRPV1, knowing that any change in the 

microtubules affects the functional activity of these channels. Their approach aimed at 

understanding the mechanisms of thermal nociception involving several subtypes of 

channels, such as TRPV1, knowing that any change in microtubules affects the functional 

activity of these channels. This in vitro model of Xenopus embryo culture has been previously 

validated by the authors. Similarly, the development of the method to measure and control 

the temperature variations of the cultures (microfilm technique) at the level of individual 

neurons has been validated. Finally, the methods of visualization of microtubule dynamics by 

fluorescence (study of the microtubule-associated protein, EB1 coupled to GFP [green 

fluorescent protein]) were also previously developed. Temperature control cultures were 

included (1. temperature effect [30 °C], 2. RF exposure without temperature increase [22 

°C]). The results show that: i) exposure to 94 GHz waves rapidly increases the growth rate 

(assembly) of neuronal microtubules, and this in a reversible manner (return to normal when 

exposure is stopped), and ii) this increase is only related to the temperature increase. These 

results provide rather reliable arguments for the absence of cellular effect on neurons in 

culture of an acute exposure to millimeter waves, apart from an expected thermal effect. The 

experiments, well presented and of good quality, are based on a solid methodology, despite 

the weak statistical treatment. The exposure system also seems to be of good quality 

adapted to the emission frequency.  
 

 

Articles not included in the evaluation of the level of evidence 
 
The in vitro study by Shiina et al (2014) focused on the effect of RF (60 GHz, continuous signal 

with 2 polarizations, linear or circular, 1 mW/cm2) on neurite growth in a PC12VG (rat 

pheochromocytoma) cell model in culture in the presence of NGF (Nerve growth factor). It is a 

short article which presents essentially methods of exposure to radiofrequencies, and very few 

results/discussion on the biological part. Among the major limitations of the article: the results 

presented concerning the effects of radiofrequencies on neurites are very succinct, the 2 figures 

without legend are not explicit and the conclusions of the authors are not supported by their 

results. 
 
The in vivo animal study by Sivachenko et al (2016) focused on the antimigraine effects of 

radiofrequency waves in the millimeter range as a therapeutic tool (physiotherapy). Her aim was 

to analyze its neurophysiological mechanisms, in a model of nociception at the level of the 

trigeminal nerve-vascular system of the dura mater, with extracellular recording of the activity of 

trigeminal nucleus neurons. The major limitation of this article concerns the exposure system, 

which is not well described, which consists in sending a wave on the muzzle of the rat. Moreover, 

the description of the electrophysiological methods and results lacks details; for example, the 

sampling or the level of amplification of the signal are not specified, nor are the criteria for the 

detection of the spike discharges ("spikes") or the type of neurons recorded in the cerebral 

structure of interest, are they of the same type? The number of neurons recorded is very low (1 

neuron per rat for 13 rats; 5 controls and 8 exposed). Finally, the exposure system is very poorly 

described and, apparently, the parameters are not controlled. 
 
The objective of the paper by Degoyan et al. (2012) was to investigate the role of cellular 

hydration as a possible marker of the non-thermal effects of RF exposure in the "millimeter" wave 

range using a therapeutic device (90-160 GHz, SAR = 1.49 W/kg, signal modulated at 4 Hz) on: i) 

brain tissue water content, ii) 
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water content of the skin taken from the head of rats and, iii) the volume of isolated snail 

neurons. The main limitations concern i) the methodology (inaccuracies with often confusing 

information, e.g. exposure time, conditions, measurement of the volume of neurons which is 

not one), ii) the results (no quantification of the volume, no graph, no value, only one photo). 

The interpretation of the results is not always related to the data obtained and iii) the 

exposure system is described very briefly. The frequency used in the study from the 

therapeutic device (90-160 GHz) is not specified in the study. The article indicates an 

amplitude modulation at 4 Hz, so is it a pulse or a modulation by a sinusoidal signal at 4 Hz? 

The incident power is not indicated, especially since the distance from the rat to the antenna 

varies between 1 and 50 cm for some experiments.  
 

6.4.3.3 Conclusion and evaluation of the level of evidence 
 
The only human study shows no hypoalgesic (pain-relieving) effect of a 42.24 GHz RF 

signal. Among the 5 in vitro studies that evaluated the effects of a 60 GHz signal, 2 studies 

(Romanenko et al.,2014, 2019) show that a very short exposure (1 and 3 to 5 min) affects 

leech neurons (including nociceptors), possibly at the membrane level, with involvement of 

TRPV1 pain receptors (TRPV1). These non-thermal effects would support the hypothesis 

that RF exerts pain-relieving effects in this frequency range. However, since leeches are 

poikilothermic animals, the regulatory mechanisms and thermal sensitivity of these cells may 

differ from those in mammalian cells. The 3 studies by Haas et al. (2016a, b, 2017) in a rat 

neuron culture model show little or no effect of a 24 h exposure to RF (60 GHz) on the 

expression of pain or heat stress related proteins, cell growth or dopamine metabolism. 

Finally, concerning the thermal or non-thermal effects of radiofrequencies in the "millimeter" 

wave range, 1 in vitro study on xenopus embryonic neurons exposed acutely to a 94 GHz 

signal (Samsonov and Popov, 2013) shows that the cellular effects observed are solely 

related to the increase in temperature. 
 
On the basis of the studies oriented essentially on the potential pain-relieving effects of 

radiofrequencies in the "millimeter" range and their mechanisms, the available data, i.e. 1 

study in humans, do not allow us to conclude whether or not there is an effect on nociception 

or analgesia. The in vitro data on neurons in culture from several animal species do not allow 

to conclude on a particular mechanism. However, the authors of 2 studies from the same 

team, in vitro and in silico, propose that the interaction between the energy of 

radiofrequencies and the neuronal membrane, as well as the sensitization of pain-sensitive 

receptors, would be involved in the mechanisms that could explain the analgesic effects of 

radiofrequencies. 

 

6.4.4 Effects on cell membranes 

 

6.4.4.1 Biological membranes 
 
Biological membranes, or biomembranes, are complex assemblies of interacting lipid, protein and 

sugar molecules. Their key constituents, phospholipids, are organized in a double sheet in which 

the hydrophilic heads are oriented towards the outside and the hydrophobic chains towards the 

inside of the bilayer (see Figure 
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36). They are also characterized by a phase transition temperature between a liquid and a gel 

state. Thus, membranes are dynamic edifices in which phospholipids and proteins are animated 

by lateral diffusion movements, and form microdomains whose composition and size vary in 

space and time. Thanks to their structure and dynamics, they delimit the cell cytoplasm and the 

organelles within it and act as a selective barrier to regulate exchanges between the cell and the 

extracellular environment. The great complexity of cell membranes has led to the development of 

artificial membrane models such as lipid vesicles. These vesicles are widely used as study 

models for many research works aiming in particular at understanding the interaction 

mechanisms between electromagnetic waves and cell membranes. Different types of vesicles 

(SUV, LUV, MLV, GUV) whose size varies from a few hundred nm to several µm thus make it 

possible to study various effects on a simplified but relevant model of cell membrane142. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 36: Schematic representation of a membrane 
 
source: https://fr.wikipedia.org/wiki/Membrane_(biology) - LadyofHats Mariana Ruiz, translation  

NicolasGrandjean 
 

 

6.4.4.2 Analysis of the bibliographic corpus 
 
The literature search identified 17 publications considered of sufficient quality to be included 

in the level of evidence assessment 
 
Among these publications, 7 concerning studies carried out on artificial membranes and 7 on cell 

membranes report the existence of effects, whether purely structural in the case of model 

membranes, or functional in the case of cells for which potentially beneficial effects for health 

(eradication of tumor cells, reduction of osteoarthritis) were mainly sought. One study (Franchini 

et al., 2016) is discussed in the chapter "effects on the skin" (see § 6.4.1). Another study (Gadja 

et al., 2019) is analyzed in the chapter "Interactions of waves with living organisms" (see § 5). A 

third study (Samsonov and Popov 2013) is presented in the "Nervous System" section (cf. § 

6.4.3). 
 
Three studies were not included (Forster et al., 2017, Sirvo et al., 2018, Satayandeh et al., 

2015) due to lack of experimental data addressing biological effects and are cited at the end 

of the chapter.  
 
 
 

 
142 SUV: small unilamellar vesicles, MLV: multilamellar vesicles, LUV: large unilamellar vesicles; 
GUV: giant unilamellar vesicles. 
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6.4.4.2. 1Artificial membranes 
 
In their 2014 publication, Albini and colleagues aimed to understand how low-intensity radiation 

could induce the migration of giant lipid vesicles, observations already reported in their previous 

work (Ramondo-Orlando, 2009; Di Donato et al. , 2012). These giant vesicles, 14-30 µm in 

diameter and comparable in size to cells, are visible under a microscope and allow real-time 

analysis of membrane response to waves. They are formed from two major phospholipids of cell 

membranes: L- -Phosphatidylcholine and Phosphatidylglycerol. The vesicles are placed in an 

exposure chamber under the microscope. The exposures are performed using an antenna with 

an output power of 39 mW. Images are taken with a high speed camera and analyzed by image 

processing to determine the trajectories of the vesicles. The SAR is higher above, below and on 

the sides, and is uniform in the center. Its average value of 0.2 W/kg is below the regulatory limit 

for humans. The temperature increase during the 20 minutes exposure (5 minutes off, 5 minutes 

on, 5 minutes off, 5 minutes on) is equal to 0.15 +/- 0.05 °C. The main result of the study is that 

the 20-minute exposure at 53.37 GHz induces a collective reorientation of vesicle motion, a 

motion not observed in the control for which motion is governed by mechanical forces such as 

gravity and diffusion. This change in vesicle orientation under exposure is triggered by the 

exposure (switch-on). It persists when the exposure is stopped. This phenomenon, athermal, 

whose mechanisms remain to be elucidated, is explained by the authors by the action of 

millimeter waves on the membrane-water interface, in particular by a direct coupling between the 

radiation and the charged residues. It should be noted that the methods and results are clear, 

well detailed and illustrated. Thirteen vesicle preparations are used and the data obtained on 2-6 

preparations per experiment are observational and not subject to statistical analysis. The 

generator is not mentioned but the homogeneity of exposure to the observed samples is 

satisfactory. 
  
Di Donato et al. (2012) investigated the effect of millimeter frequency exposure on the 

permeability of a lipid membrane using cationic liposomes consisting of 

dipalmitoylphosphatiylcholine, cholesterol, and stearylamine. Liposomes are formed using 

two methods to obtain vesicles with sizes centered on two dimensions (29 and 135 nm in 

diameter). These vesicles loaded with carbonic anhydrase, were exposed for 1 or 2 minutes 

to a continuous frequency of 53.37 GHz, at a power density of 0.1 mW/cm2. Membrane 

permeability was assessed by the release of the enzyme into the medium containing the 

substrate (p-nitrophenyleacetate). A highly significant (p < 0.0001) increase in carbonic 

anhydrase release was observed, less for larger diameter liposomes, which the authors 

attribute to the lower curvature of the lipid bilayer. Moreover, the temperature increase during 

exposure being negligible, the observed effects cannot be attributed to a warming of the 

samples. It should be noted that the size of the liposomes is smaller than that of the 

intracellular organelles, only the synaptic vesicles (50 nm) correspond to the dimensions of 

the liposomes used. 
 
Beneduci et al. used another biomimetic model of membranes, the multi-lamellar vesicles 

(MLV). These vesicles are obtained by hydration of phospholipids. Depending on the ratio of 

water/lipid, phospholipid and temperature, different phases can be generated such as the 

fluid phase naturally present in the membranes of cells and organelles. The transition from 

the fluid phase 
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towards a more ordered gel phase can be determined using deuterium NMR143 

spectroscopy (2H-NMR). This Tm phase transition of membranes is obtained by measuring the 

quadrupole burst of water molecules at the interface, a parameter that is particularly sensitive 

to changes in the structure of the lipid bilayer. In their work, Beneduci and colleagues used 

MLVs composed of DMPC (1,2-Dimyristoyl-sn-glycero-3-phosphatidylcholine) and 2H2O 

(deuterated water or heavy water). The exposure system has been described in previous 

work (Zhadobov, 2006). It comes from a source generating electromagnetic waves in the 

range 53.57 - 78.33 GHz, with a specific absorption rate (SAR) lower than 12 mW/kg. The 

vesicles are exposed for long periods of time, from 4 to 26 hours, and the unexposed 

vesicles serve as unexposed controls (sham).   
In Beneduci's 2012 paper, exposure of MLVs induces a decrease in the order parameter of 

water molecules at the interface and a shift in the phase transition temperature that varies by 

1.5 °C, suggesting the extreme sensitivity of biological membranes to long exposure times. 

Note that the protocols for the preparation of the vesicles and the deuterium NMR 

experiments are clear and of satisfactory quality. The field mappings are shown at 74 GHz 

and not at other frequencies. The acquisition of the NMR spectra of the MLVs is performed 

during the exposure. A limitation of this work is due to the absence of error bars on some 

figures as well as the lack of indication of the number of experiments performed. 
 
In their 2013 paper, Beneduci and colleagues show that exposure of MLVs to millimeter 

waves in the 53 - 78 GHz band, at a physiological temperature of 37 °C, induces a decrease 

in root mean square displacement of 25% after 4 h of exposure. This effect does not depend 

on temperature, but depends on the water molecule/lipid ratio, suggesting an effect on 

hydration. It is also frequency dependent: observed at 62.1 GHz, it is not detected at 53.37 or 

65.0 GHz under single band exposure conditions. These results come from 3 independent 

experiments. Finally, the waves change the distribution of water molecules bound to the 

interface, thus increasing the stiffness of the membrane. The conclusion of the paper is that, 

at the molecular level, the effects can be explained by modifications of the water/membrane 

interface. One of the limitations of this work is the lack of statistics, the measurement of SAR 

which would not be suitable for this type of frequency and the lack of explanation on the fact 

that the effects are observed at 62.1 GHz but not at the neighboring bands (53.37 and 65.0 

GHz). 
 
Directly related to the previous publications, the objective of the 2014 publication by 

Beneduci et al. is to propose a mechanistic hypothesis of interaction between millimeter 

waves and biological membranes. The simulation results allow the calculation of the SAR, 

which, under the maximum conditions of 20 µW, remains below the limits defined by the 

Icnirp. However, the field distribution does not appear to be very uniform (typically a factor of 

3 in the center, normal for this type of antenna). Three independent experiments show that 

an exposure of 4 hours induces a decrease in the quadrupole burst of water molecules in the 

fluid phase and an increase in the gel phase. The phase transition temperature increases by 

1.5 °C. The results of this study show that radiation produces non-thermal effects and brings 

the membrane into an excited state associated with a structural rearrangement of the lipid 

bilayer (structural change of the polar heads of phospholipids and  
 

 
143 NMR (nuclear magnetic resonance) spectroscopy uses the magnetic properties of certain atomic 
nuclei, particularly for medical imaging. 
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redistribution of water molecules bound to the interface). These modifications can have direct 

consequences on the properties of biological membranes whose dehydration can affect the 

essential functions. 
 
In their 2013 work, Cosentino and colleagues focused on the effects of millimeter waves on cell 

membranes. As a biological model, they use artificial vesicle-like membranes of different sizes, 

LUVs and GUVs, composed of DLPC (1,2-dilauroyl-sn-glycero-3-phosphatidylcholine). LUVs 

allow to study the physical stability of membranes by dynamic light diffraction measurements and 

GUVs allow to study the membrane permeability to water under osmotic stress by phase contrast 

microscopy. LUVs are formed by extrusion and GUVs by electroformation, their average sizes 

being respectively equal to 100 nm and greater than 
 
à 20 µm. The exposure is caused by a conical antenna generating frequencies between 52 and 

72 GHz with an incident power of 0.0035 - 0.010 mW/cm2. The exposure time is 4 hours. Three 

independent experiments are conducted. The authors observe a decrease in GUV volume 

contraction, thus a decrease in membrane water permeability, under the osmotic stress condition 

of exposed vesicles compared to the sham condition. They conclude that wave exposure induces 

a decrease in membrane fluidity. Experiments performed on LUVs show no difference in the size 

of vesicles exposed for 4 h compared to sham. However, after 18 h, the diameter of exposed 

LUVs is smaller than that of controls (82/133 nm). These results are interpreted as changes in the 

physical properties of the membranes: increased thermodynamic stability of the lipid bilayer and 

increase in its stiffness following its partial dehydration due to the change in polarization of water 

molecules. The article is clear, well written. The methods and results are well detailed, justified 

and illustrated. Its main limitation comes from the small number of independent preparations and 

experiments making the statistical methods not very suitable. 
 
The diameter of the vesicles shows a large variability that can reach a factor 10 in the case of 

GUVs (5 to 50 µm). Parametric tests are used for 3 experiments, which is a source of bias due to 

the poor use of statistical tools and leads 

à over-interpretation of the results. 
 
LUVs were also used by the same research group in D'Agostino's 2018 publication on the 

propagation of an electrical impulse in a highly simplified original model of artificial axons 

composed of RC144-type electrical circuits containing an aqueous solution of lipid vesicles 

encapsulating potassium K+ ions. The neurons can be considered as a classical electrical circuit 

for the transmission of information from one to the other. LUVs are made of L- -

Phosphatidylcholine. The article is rather clear and quite well detailed in its methodological part. 

Four to six vesicular preparations are used. The exposure is made through a conical horn 

antenna placed at 8 cm above the target. The exposure is quite homogeneous in the near and far 

fields. The main result is that a 30 minute exposure to a continuous 53.37 GHz signal facilitates 

potassium efflux through the LUV membrane. This effect is amplified in the presence of a 

facilitator of the K+ ion transporter, valinomycin. These effects are athermal. The authors 

conclude that radiofrequencies alter the membrane structure without being able to propose a 

mode of action (molecular, supramolecular). Because of the extreme simplification of this model 

of artificial axons, reduced to an electrical system and lipid vesicles containing potassium, all in 

an aqueous medium, and the absence of 
 
 
 

144 An electrical circuit "RC" is composed of a resistor and a capacitor. 
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statistically, only a Student's t-test was used, whereas a 2-factor ANOVA would have been 

appropriate; one can question its relevance for an evaluation of biological effects. It should 

also be noted that, as in the other publications of these authors, the same antennas, 

frequency and power at the output of the antenna are used, but no information is given on 

the generator and the waveforms. 
 
In conclusion, these works on artificial membranes carried out on lipid vesicles of various sizes 

and compositions highlight the existence of non-thermal effects leading to both structural and 

functional modifications. By modification of the membrane-water interface, the radiations bring the 

membrane in an excited state associated 
 
à a rearrangement of the lipid bilayer (structural change of the polar heads of the 

phospholipids, redistribution and decrease in the order of the water molecules bound to the 

interface, displacement of the phase transition temperature). These modifications can have 

direct consequences on the properties of biological membranes whose dehydration can 

affect essential functions, in particular permeability (refer to chapter 6.4.1 "effects on the 

skin"). 

 

6.4.4.2.2 Cellular membranes 
 
In their 2012 work, Li and colleagues focused on the potential health benefits of millimeter waves. 

Since previous studies have shown the value of this type of wave for the treatment of malignant 

tumors, the goal here is to determine the molecular mechanism responsible for tumor cell death. 

To do so, they used human tumor cells of the SW 1353 line (chondrosarcoma) which they 

exposed continuously for variable durations of 15, 30, 60, 90 and 120 min to a power density of 4 

mW/cm2. The results show that the exposure causes the death of the tumor cells (half of the 

population is no longer viable after 120 minutes of exposure). Morphological changes are visible 

as early as 30 minutes, with the appearance of shrunken cells or cells detaching from their 

support, or alterations in the organization of the membranes (passage of phosphatidylserine from 

the inner sheet to the outer sheet of the bilayer). The loss of viability, due to the phenomenon of 

apoptosis, is correlated to the duration of exposure and is accompanied by important 

ultrastructural changes, in particular at the level of the nucleus and the mitochondria whose 

transmembrane potential drops. Although further biochemical studies will be necessary to 

determine the exact mechanism involved in tumor cell death under exposure, these results could 

be of interest for their potential clinical applications. The protocols for determining the effects of 

waves on cell viability are clearly detailed and relevant to this type of study, but it is 
 
à It should be noted that the study was performed on a single tumor cell line and did not 

include a control performed on normal cells. No indication of a possible temperature increase 

is given. At this stage, it is therefore essential to reproduce the study on other cell lines and 

primary cultures in order to generalize these potential beneficial effects, to determine their 

thermal or athermal nature and to show the specificity of action between healthy cells and 

tumor cells. 
 
Another research group has also focused on the effects of millimeter waves on cancer cell death. 

In their 2019 paper, Orlacchio and colleagues evaluated the apoptotic and heat shock responses 

of A375 cells (a line derived from human malignant melanoma) exposed to 58.4 GHz. Continuous 

or pulsed amplitude modulated millimeter waves were applied with the same average 

temperature increase. The effects studied are the activation of Caspase-3 and the 

phosphorylation of 
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heat shock protein HSP27. Exposure leads to hyperthermia which activates the 

phosphorylation of HSP27. The most striking result is that caspase-3 activation is 5-fold 

higher after exposure in pulsed mode than in continuous mode. The relationship between the 

induced cellular response and temperature elevation is not linear. HSP27 phosphorylation is 

also 58% higher in pulsed exposure compared to continuous exposure. The experimental 

protocol does not allow a good appreciation of the exposure system, the number of 

experiments performed is relatively low (3) and the statistical methods are poorly described 

and do not allow a good understanding of the comparisons made. This study, which, at this 

stage, remains to be confirmed and extended to other wave parameters (in particular their 

duration and shape), could nevertheless be of interest for the development of treatments of 

skin cancers by pulsed hyperthermia induced by millimeter waves.   
In their 2018 paper, Perera and colleagues exposed PC 12 cells to 18 GHz electromagnetic 

fields, with the goal of determining whether this radiation can affect the cells' physiology or 

their membrane transport systems. This cell line, derived from a rat adrenal medullary 

pheochromocytoma (neuroendocrine tumor), is an alternative to primary adrenal chromaffin 

cell cultures. The frequency of 18 GHz was chosen because of previous work showing 

reversible membrane permeability enhancement effects of Gram positive and negative 

bacteria and yeast. PC 12 cells are subjected to 3 cycles of 30 s at a power of 17 W and a 

SAR of 1.17 kW/kg. The main result is a significant transient increase in membrane 

permeability, determined by the internalization of 23 nm diameter silica nanospheres or 

aggregates thereof. This increase in permeability is observed up to 10 min after RF exposure 

in 90% of the cells. It was not accompanied by any change in morphology, viability or 

metabolic activity. These results are in agreement with the work carried out on prokaryotic 

cells. The permeabilization of the membranes would be different from a simple formation of 

pores and could be explained, according to the authors and as in the case of the model 

membranes, by a direct interaction between the electromagnetic waves and the membrane 

phospholipids. The protocols for determining the effects of the waves on the cells are clearly 

detailed and relevant to this type of study. This increase in membrane permeability, both 

transient and without damaging effects on the cells, remains to be further investigated and 

extended to other lines because of its prospects in the field of vectorization. 
 
In conclusion, the work done on cells and cell membranes is few and far between. Their main 

objective is to highlight potential beneficial effects for health, whether for the eradication of cancer 

cells or the treatment of osteoarthritis. Membrane effects, whether structural or functional 

(activation of heat-sensitive channels, increase in permeability) remain to be further investigated. 
 
The following articles were reviewed but not included in the assessment of the level of 

evidence of effect on membranes. 
 
The Foster et al. (2017) publication is a commentary on thermal modeling and not a paper 

containing experimental results; without analysis of biological effects it cannot be used to 

contribute to the determination of levels of evidence. 
 
The paper by Siervo et al. (2018) describes a numerical method for assessing the SAR produced 

by a WiMax patch antenna, typically used in laptops, on a 
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virtual population of 4 individuals. Without a biological effects study, it cannot be used to help 

determine levels of evidence. 
 
In a modeling paper, Setayandeh and Lohrasebi (2015) describe changes in mechanical 

properties of tubulin dimers, one of the cytoskeletal constituents that are microtubules. 

Frequencies of 2, 5, and 7 GHz induce an increase in stiffness of the protein, while 

frequencies of 1 and 6 GHz make it more flexible. Despite its interest, this pure modeling 

work cannot be used to contribute to the determination of levels of evidence.  
 

6.4.4.3 Conclusion and evaluation of the level of evidence 
 
Work on artificial membranes has demonstrated the existence of effects. The resulting 

structural and functional modifications can have direct consequences on the properties of 

biological membranes. Thus, if all these works do not allow to evaluate the health risks, they 

nevertheless demonstrate the existence of non-thermal effects and give an idea of the 

possible effects of millimeter waves on cell membranes. 
 
The studies conducted on cell membranes and reviewed in this chapter are too diverse and 

too few to conclude that there is a deleterious biological effect. Too few research groups 

have focused on the effects of millimeter waves, especially in the frequency ranges used by 

5G technologies, which is perfectly understandable since they have not yet been deployed. 

The rare effects reported are, at this stage of research, essentially thermal effects with their 

notable consequences both at the membrane level on the activation of heat-sensitive 

channels, and at the intracellular level. They do not show the existence of direct negative 

effects of waves on health. Many studies are therefore necessary to ensure the real absence 

of negative effects. As far as possible beneficial effects are concerned, it will be necessary to 

demonstrate their harmlessness on healthy cells and to elucidate their mechanisms before 

considering the possibility of therapeutic applications. 
 
The studies carried out to date on cell membranes are mainly oriented towards the possible 

beneficial effects of radiofrequencies. They do not allow us to conclude whether or not there 

is an effect on the membranes. Given the validated evidence on artificial membranes, the 

increase in membrane permeability observed in the case of cells of the PC12 line and on 

prokaryotic cells (particularly microbiota) and the importance of membranes in cellular 

functions, it is very important that research be encouraged on this subject. 

 

6.4.5  Genotoxic effects 

 

6.4.5.1 Methods for Questioning Genotoxicity 
 
Different techniques are commonly used to detect genotoxic effects of millimeter waves. The 

comet assay (see Figure 37) is designed to identify substances that cause DNA damage. 

Under alkaline conditions, this comet assay detects single and double-strand breaks. The 

name of the method derives from the visual similarity between the electrophoretic profiles 

obtained and the comets. Single cells are subjected to agarose gel electrophoresis, their 

DNA migrates forming 
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a comet head and a comet tail, consisting of the DNA that has been broken. The amounts of 

DNA in the comet head and tail are measured and the percentage of damaged DNA is 

determined.  
 
 
 
 
 
 
 
 
 

 

Figure 37: Photos of control cells (A), or treated with bleomycin (D)  
 
Source: Koyama et al. 2019. 
 

 

A second method of detecting DNA damage is to observe the formation of micronuclei (MNs) 

in dividing cells whose cytokinesis has been chemically blocked, and which are therefore bi-

nucleated. MNs are tiny extra-nuclear bodies originating from acentric chromatids 

(chromosome fragments) or whole chromatids with a centrosome (whole chromosomes) that 

are delayed in ascending to the spindle poles at anaphase and are not included in the 

nucleus at telophase. Cells are labeled with a CREST antibody that marks the kinetochores 

(the site of attachment, in the centrosome, of the microtubules composing the mitotic 

spindle). Two types of MNs can be detected: negative CREST MNs which correspond to 

acentric chromosome fragments resulting from DNA breaks, and positive CREST MNs which 

correspond to whole chromosomes that will be lost, resulting in aneuploidy. 
 
Other methods are also commonly used to detect DNA damage. Cells can be labeled with an 

antibody directed against histone gamma-H2AX, a phosphorylated form on serine 139 of 

histone H2A that is incorporated at DNA double-strand breaks. Fluorescent probe in situ 

hybridization (FISH) on chromosomes with centromeric probes detects chromosome non-

disjunction. FISH using telomeric probes allows to measure the length of telomeres, the ends 

of chromosomes, and thus to estimate their integrity. Finally, changes in cell ultrastructure 

can be detected by transmission electron microscopy. 

 

6.4.5.2 Analysis of the bibliographic corpus 
 
Four publications were considered of sufficient quality to be included in the level of evidence 

assessment. 
 
Franchini et al, (2018) searched for genotoxic effects associated with 25 GHz millimeter wave 

exposure on human fibroblasts. For this, the authors performed alkaline comet assays, searched 

for MNs by coupling to CREST labeling, and performed immunolabeling for histone gamma-

H2AX. In addition, they looked for possible non-disjunction of chromosomes during mitosis by 

FISH by specifically marking chromosomes 4, 10 and 17 which are involved in certain 

pathologies, including cancers. Telomere integrity was analyzed by quantifying 
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their size after FISH marking. Cell cycle was followed by flow cytometry (FACS), and cell 

ultrastructure was observed by transmission electron microscopy. Finally, the expression of 

several proteins was monitored by western blot (pro- and anti-apoptotic proteins Bax and 

Bcl2, tumor suppressor P53, PARP-1, a protein involved in DNA repair, actin and tubulin 

cytoskeleton proteins, phosphorylated and unphosphorylated MAP kinases ERK1 and ERK2, 

which are involved in cell growth, transcription factor NF B involved in stress response, 

phosphorylated Akt kinase, a cell survival signal).   
Human skin fibroblasts of fetal and adult origin (HFFF2 and HDF respectively, ECACC 

collection) were subjected to a continuous 20-minute exposure at 20°C to millimeter waves of 

25 GHz frequency at an average power density of 0.8 mW/cm2. Negative sham and sham-

thermal controls (sham cell culture dish placed in a second dish containing water and 

absorbing 99% of the received power) were performed. 
 
Comparing sham and sham-termal control cells with exposed cells, the authors observed no 

impact of exposure for the majority of assays. However, in both cell lines, they observed after 

exposure an increase in the total number of MNs due to an increase in CREST-positive 

micronuclei in the exposed cells, indicating aneuploidy due to chromosome losses. This is 

corroborated by the observation of a significant increase in the non-disjunction of 

chromosome 10 for HFFF2 cells and that of chromosome 17 for HDF cells. Ultrastructure 

analysis revealed no effect of exposure except for an increase in primary and secondary 

lysosomes. The results were subjected to appropriate statistical tests (t-test, binomial test or 

Mann-Whitney depending on the type of data). Franchini et al. conclude that exposure has 

no direct effect on DNA in fibroblasts from fetal or adult tissues. The effects observed are 

indirect. In particular, aneuploidies could result from defects in the mitotic spindle assembly 

pathway. 
 
The experimental protocols are carefully described and the characteristics of the exposure 

have been accurately determined and analyzed. The use of negative sham and sham-

thermal controls allows the exclusion of thermal origin of possible effects. Numerous tests 

have been performed to detect an impact on the genome or, more globally, on the health of 

the cells, and all of these tests are negative. However, it would be interesting to complete the 

analysis of protein expression in vivo to determine their localization before or after exposure. 

Finally, research should be continued to determine the origin of the aneuploidies observed. 
 
The literature shows that there is often a protective effect of DNA by electromagnetic waves 

towards ionizing radiation or certain mutagenic chemical agents. Gapeyev et al. (2015) 

explored this hypothesis by combining treatment of mouse leukocytes with various physical 

(X-rays) or chemical (an oxidative stress inducer such as oxygen peroxide, or an alkylating 

agent, methyl methanesulfonate) mutagenic agents, and exposure to 42.2 GHz 

electromagnetic waves, and testing the integrity of the DNA after these dual treatments. 
 
Blood from adult male mice of the Kv:SHK line was collected from the tail vein and diluted to 0.5 

million leukocytes/mL. Leukocytes were then plated on a slide coated with 0.5% low-melting point 

agarose and overlaid with a layer of the same agarose. DNA integrity was estimated by alkaline 

comet assays on 9 independent experiments performed in a blinded fashion. The normality of the 

distribution 
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was verified by Kolmogorov-Smirnof tests, variances are analyzed by ANOVA and compared 

by Dunnett tests. Leukocytes were exposed for 20 minutes (incident power density 100 

µW/cm2) with a pyramidal horn source that emits a continuous or pulsed sinusoidal signal 

(period 1 or 16 Hz). For double treatments, leukocytes were treated before the end of the 

electromagnetic wave exposure either for 5 minutes with X-rays (4 Gy, 1 Gy/minute) or for 10 

minutes at 37°C in the presence of 20 µM H2O2 hydrogen peroxide or 2.5 mM methyl 

sulfonate. Exposure of leukocytes to continuous or discontinuous electromagnetic waves has 

no effect on DNA integrity. Exposure to X-rays induces DNA breaks and the rate of breaks is 

not different if leukocytes are pre-treated with continuous electromagnetic waves. On the 

other hand, pre-exposure with discontinuous electromagnetic waves results in a significant 

reduction of DNA breaks, and this is also true for other genotoxic treatments (oxygen 

peroxide, methyl sulfonate). Thus, pulsed (intermittent) waves reduce DNA damage by 20 to 

45% depending on the genotoxic agent.   
The experiments are very carefully described and the data subjected to appropriate statistical 

tests. The authors propose that intermittent waves, by inducing reactive oxygen species 

(ROS) at a very low concentration, could trigger an adaptation mechanism. Testing this 

hypothesis may reveal more subtle effects of electromagnetic waves. 
 
The other two publications are by Koyama (Koyama et al., 2016; Koyama et al., 2019). They 

use the same two human cell lines, a corneal epithelial cell line, HCE-T, and a lens epithelial 

cell line, SRA01/04 (Riken Cell Bank).The only difference between these publications is the 

frequency of the signal, 40 GHz for the 2019 publication, 60 GHz in the 2016 study. Their 

objective was to study the non-thermal effects of millimeter waves, in particular their 

genotoxicity and their ability to induce stress in cells of the human eye. 
 
These adherent cells were grown in 10 cm diameter Petri dishes. The dishes were placed on 

a planar disk applicator in an incubator with a controlled atmosphere (37°C, CO2 5%, humidity 

>95%). Cells were collected 24 h after exposure, and genotoxicity of treatments assessed by 

analysis of MN formation and DNA breaks by alkaline comet assays. Stress induction was 

estimated by analysis of the expression of the heat shock proteins Hsp27, Hsp70, and 

Hsp90α, 6 h by western blot. Up to 6 independent experiments were performed for 

micronucleus and comet assays. Negative (cells placed in the incubator or subjected to sham 

exposure) and positive controls (treatment with bleomycin, a genotoxic agent, 1 h at 37°C or 

2 h at 43°C followed by 1 h at 37°C) were included in the experiment. Analyses were 

performed in a blinded fashion. The results, number of micronuclei and percentages of DNA 

in comet tails, were subjected to Dunnett's tests for multiple comparisons (significant 

differences if p-value < 0.05). Cells were exposed to electromagnetic waves of 40 or 60 GHz 

frequency, for 24 h. The power density was 1 mW/cm2. Numerical simulation was used to 

estimate the homogeneity of the power over the applicator surface. The temperature rise was 

less than 0.1°C. 
 
The results show no genotoxic effect of millimeter waves, in contrast to the obvious and 

expected effects of bleomycin or increased temperature (43 °C, 2 h). Also, the exposure 

does not increase the expression level of shock proteins 
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thermal. Thus, Koyama et al. conclude that electromagnetic waves do not have a genotoxic 

or stress-inducing effect on two cell types of the human eye. 
 
These two studies are from a group specializing in the field. They are clear and rigorous, 

carried out in blind with positive and negative controls, and the statistical tests are adapted. 

They validate the absence of genotoxic effects observed with electromagnetic waves on two 

cell types of the human eye.   
The following papers were reviewed but not included in the assessment of the level of 
evidence for genotoxicity: De Luca et al. 2016; Fan et al. 2019; Gallerano et al. 2015; Wu et 
al. 2012; Hintzsche et al. 2012. 
 

6.4.5.3 Conclusion and evaluation of the level of evidence 
 
In conclusion, the four ex vivo studies presented above studied exposure to millimeter waves 

between 25 and 60 GHz in human cell lines (fibroblasts, lens cells, corneal cells) and rat 

blood cells (leukocytes). These studies did not detect any genotoxic effect per se. 

Nevertheless, aneuploidy resulting from defects in chromosome disjunction during mitosis 

was detected in exposed fibroblasts. In conclusion, the available evidence does not allow us 

to conclude whether or not there is a genotoxic effect. 

 

6.4.6 Other effects 

 

6.4.6.1 Effect on the vascular system 
 
6.4.6.1.1Analysis of  the bibliographic corpus 
 
One article addressing the effects of electromagnetic waves on the cardiovascular system 

was considered of sufficient quality to participate in the level of evidence assessment. 
 
Sensory terminals consist of fibers that transmit sensory signals and maintain vegetative 

vascular reflexes, as well as 10-30% of peptidergic fibers that ensure retrograde conduction 

of nerve impulses. These sensory endings can be activated by different stimuli such as 

acidosis, temperature changes or inflammatory agents induced during tissue injury. 

Electromagnetic millimeter waves are used as therapy for their anti-inflammatory effect in 

microcirculation disorders. To better understand the effect of multiple exposures on 

retrograde signal transmission, Chuyan and Tribrat (2016) investigated the effect of repeated 

exposure to 42.4 GHz frequency waves on microcirculation at the wrist in 30 young female 

volunteers aged 20 to 25 years. 
 
Electrical stimulation was performed with an electrode placed on the palmar surface of the 

right wrist (frequency of 2 Hz; pulses of 0.5 ms; intensity increased from 0.5 mA to 0.5 mA 

until the subject felt pain, then fixed at 0.5 mA below the pain threshold; duration 1 min). 

Microcirculation was measured by laser Doppler flowmetry with a probe placed 1 cm from the 

electrode and expressed as the skin microcirculation index (MI). ΔMI represents the increase 

in microcirculation index during electrical stimulation, and T1 is the latency time (time spent 

before the onset of MI increase). Data are subjected to a nonparametric test (Wilcoxon test). 
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The exposure system is an approved medical device in use in Russia (RAMED EKSPERT-04 

with 6 channels) with the following characteristics: wave length 7.1 mm, frequency 42.4 GHz, 

power density 0.1 mW/cm2. It is placed symmetrically in relation to three biologically active 

points defined in Chinese medicine (E-36, MC-6 and GI-4) (acupuncture points). The 

exposure lasts 30 minutes and is repeated every day (one session, 5 sessions or 10 

exposure sessions).   
The results show a significant increase in ΔMI (3.08-fold increase after 10 sessions) and a 

decrease in latency under exposure. Therefore, millimeter-wave exposure increases the 

effect of electrical stimulation on microcirculation. 
 
This experimental physiology study in volunteers is well designed and conducted. The 

experimental protocol is carefully described and the analysis of the results uses appropriate 

statistical tests. However, the effect of exposure on microcirculation in the absence of 

electrical stimulation is not measured. The exposure system appears to be an approved 

medical device in use in Russia. However, there is inaccuracy in the anatomical location of 

the exposures. 
 
The following articles were reviewed but not included in the assessment of the level of 

evidence of effect on the cardiovascular system: Jauchem, et al. 2016 and Narinyan & S. 

Ayrapetyan, 2017. 
 
In the first one, the exposure of rats to 75 mW/cm2 power density waves causes an increase 

in temperature of the animals up to 46°C. The increase in blood pressure in some cases until 

death seems unethical, although the authors claim to have followed the guidelines on animal 

experimentation. For this reason, this study was rejected by the working group. 

 

6.4.6.1.2Conclusion  and evaluation of level of evidence 
 
In conclusion, a single study investigated the effect of millimeter wave electromagnetic 

radiation on the vascular system. There is insufficient evidence to conclude whether or not 

there is an effect on the vascular system. 

 

6.4.6.2 Effect on the reproductive system 
 
6.4.6.2.1 Introduction 
 
The studies identified for effects on the reproductive system focus on the testis. The human 

testis has a capsule from which fibrous septa divide the organ into some 250 lobules. Each 

lobule contains up to 4 seminiferous tubules composed of germ cells in different stages of 

differentiation and Sertoli cells. 
 
The germ cells are at the origin of spermatozoa, a process of cellular differentiation called 

spermatogenesis, shown in Figure 38. 
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Figure 38: Spermatogenesis 
 

Source: modified from Trainer 1987 (Trainer, 1987) 
 

 

Sertoli cells represent a little more than 10% of the cells in the seminiferous tubule. They 

extend from the basal layer to the lumen of the seminiferous tube. They form a tight network 

between them which constitutes the hemato-testicular barrier. They regulate the passage of 

substances to the germ cells, regulate spermatogenesis by their phagocytic activity, 

regulation of FSH production and testosterone transport (see Figure 39). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 39: Section of seminiferous tube 
 

Small arrow: spermatogonia, large arrow Sertoli cell (Trainer 1987) 
 

 

In addition, Sertoli cells produce pro- and anti-inflammatory cytokines which, under normal 

conditions, participate in the functioning of the testis, but which, under 
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inflammatory conditions, may act as a pro-apoptotic factor on germ cells (Kaur et al., 2014). 
 
The tissue between the seminiferous tubules contains clusters of testosterone-producing 

interstitial cells, also called Leydig cells. 
 
Previous studies had shown that exposure to radio frequency waves (2 - 4 GHz) led to germ 

cell degeneration at different stages (Subbotina et al., 2006) as well as reduced sperm count 

and motility (Bonisoli-Alquati et al., 2011).  
 

6.4.6.2.2Analysis of  the bibliographic corpus 
 
The search equation provided 1 publication that was selected for this analysis. 
 
The study by Volkova and colleagues (Volkova et al., 2014) evaluates the exposure of 

cryopreserved human spermatozoa in normozoospermia (normal motility) or 

asthenozoospermia (slow spermatozoa) subjected to 42.25 GHz waves. 
 
Ejaculates (n = 30) from men aged 30-40 years with normo- and asthenozoospermia were 

exposed for 5, 10 and 15 min using a G4-  
141 (λ = 7.1 mm) at a frequency of 42.25 GHz, P = 0.3 mW, power flux density of 0.03 

mW/cm². Control spermatozoa were not exposed. Spermatozoa with fast rectilinear 

movements or slow movements were counted. Sperm viability was assessed in eosin-

nigrosin stained smears. Chromatin decondensation in spermatozoa and the rate of 

apoptosis were assessed by FACS . Nuclear chromatin decondensation in sperm was 

detected with 7-aminoactinomycin D (7AAD), apoptosis with annexin V. All experiments were 

repeated at least 3 times. Data were statistically processed by one-way ANOVA and 

Student's t test. Verification of normality and homocedestacy of samples was not reported. 
 
A 5-minute exposure of sperm in normozoospermia stimulated sperm motility by 1.2-fold. In 

contrast, lengthening the exposure to 10 and 15 minutes resulted in a decrease in motile 

sperm count. In the case of asthenozoospermia, a significant increase - 1.5 times compared 

to the control - in the percentage of motile sperm was detected after 15 min. 
 
The level of membrane-altered sperm increased after 15 min of sample exposure in 

normozoospermia and did not change in asthenozoospermia compared with control samples. The 

level of viable sperm remained unchanged throughout the study. However, a 15-minute exposure 

resulted in a significant increase (1.5-fold over control) in the level of 7AAD+ sperm. 
 
The study is fairly straightforward, but the authors' conclusions seem hasty and the 

discussion of the results is poorly argued, the observed effects are not explained. The 

statistical evaluations are unclear (it is not clear which test was applied in each case) and the 

exposure methods are not well described. The experts considered this study to be 

methodologically limited. 

 
6.4.6.2.3Conclusion  and evaluation of level of evidence 
 
In conclusion, this study shows an increase in the mobility of spermatozoa exposed to radio 

frequencies, but the weakness of the statistical tests does not allow to appreciate this effect. 

It is only one study, of average quality. Therefore, it is not 
 
 
 
 
Public consultation version page 191 / 241 March 
2021



Anses ● Collective expertise report Referral n° 2019-SA-0006 "5G"  

 

It is not possible to conclude on the effects of radio frequencies in the 26 GHz band on the 

male reproductive system. No data are available on the female reproductive system. Both in 

vitro and in vivo studies are needed to assess the risk to the reproductive system from 

exposure to 26 GHz band waves.  
 

6.4.6.3 Effect on the immune system 
 
6.4.6.3.1Analysis of  the bibliographic corpus 
 
Two articles addressing the effect of millimeter waves on the immune system were 

considered of sufficient quality to participate in the level of evidence assessment. 
 
Millimeter waves are often used for therapeutic purposes, either alone or in combination with 

other treatments. The objective of the Logani et al. (2012) paper was to test the effect of 42 

GHz frequency waves on the restoration of the immune response during cancer therapy. T-

helper lymphocytes (CD4+ lymphocytes) produce cytokines that play a primary role in the 

adaptive immune response. CD4+ Th1 cells produce the cytokines IL-2, IFN- and TNF- and 

CD4+ Th2 cells produce the cytokines IL-4, IL-5 and IL-10. Anti-cancer treatments, such as 

cyclophosphamide (CPA), disrupt cytokine production and particularly the Th1/Th2 balance. 

Earlier work by the same team showed that millimeter wave exposure restores the Th1/Th2 

balance, and also induces the release of endogenous opioids. The purpose of the present 

paper was to determine whether endogenous opioid production is involved in the effect of 

millimeter waves on the restoration of Th1/Th2 balance during CPA treatment, and, if so, to 

identify the opioid receptor involved. 
 
BALB/C mice aged 7 weeks and weighing approximately 25 g were exposed to  
à 42 ± 0.2 GHz for 30 minutes on 3 consecutive days. Nine groups of 8 animals were tested 

blind: group 1, naïve without treatment; group 2, CPA-treated and exposed for 3 days 

(intraperitoneal injection of CPA on day 2), positive control group; group 3, CPA-treated and 

unexposed but subjected to the same protocol (sham control); groups 4 to 6 combined CPA, 

exposure, Opioid Receptor Antagonist (ORA) treatments, opioid receptor antagonists and were 

used; groups 7 to 9 combined CPA, sham, ORA treatments, all 3 antagonists were used. ORAs 

were injected intraperitoneally the day before day 1. Mice were sacrificed after 7 days and spleen 

cells (splenocytes) isolated. Th1 and Th2 cytokines were measured using a BD  
Biosciences. The results were subjected to statistical tests of analysis of variance: test of 

normality (Kolmogorov-Smirnov), parametric ANOVA if the distribution is normal, non-

parametric ANOVA otherwise, and post-analysis tests if the differences are significant, 

calculation of the adjusted p-value by the Holm-Sidak method 
 
A YAV-1 generator (Istok, Fryazino, Russia) specifically designed in the 1980s for medical 

applications was used. It delivers waves of frequency 42 ± 0.2 GHz thanks to  
à a rectangular horn antenna placed at 5 mm from the muzzle of the mice. The incident 

power is 38 mW/cm². The SAR, measured by thermography, is 681 W/kg145. 

The results show that exposure restores the production of Th1 and Th2 cytokines suppressed by 

CPA and that the 3 RAOs potentiate the effect of exposure on the production 
 
 
 
145 The SAR at frequencies above 6-10 GHz is no longer relevant, the very high peak value given 
here cannot be compared to the SARs observed when the radiation penetrates deeper into the tissues 
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of Th1 and Th2. Combined CPA, exposure, and μ or δ ORA treatment increases the 

imbalance of cytokine production toward Th2, whereas combined CPA, exposure, and ORA 

treatment reverses cytokine suppression by CPA and restores Th1 cytokine production. 
 
The results show that endogenous opioids are involved in millimeter wave immunomodulation 

and suggest that their therapeutic effect may be related to channel blockade. The experimental 

protocols as well as the statistical treatments are well described. The experiments are rigorously 

performed. This study is of good quality. 
 
 
 

The objective of the paper by Vlasova et al. (2018) was to investigate the influence of 

millimeter waves from 32.9 to 39.6 GHz on neutrophil activation by particulate agonists in 

whole blood samples. In humans, neutrophils represent 50-75% of circulating leukocytes. 

They are the first cells recruited and activated in response to infection. Neutrophil activation 

is marked by the release of myelo-peroxidase (MPO), the major protein of neutrophils, and 

reactive oxygen species (ROS). These ROS produce H2O2 which is converted by MPO into 

hypochlorous acid (HOCl), a potent oxidant that contributes to the defense against infections. 
 
Venous blood was collected from healthy volunteers. Their neutrophil count was 2 to 5 

million/mL. Opsonized zymosan or E. coli bacteria were added to the blood samples to 

stimulate the immune response. A control sample was incubated without any treatment at 

room temperature. One sample was subjected to exposure. ROS production was estimated 

by measuring chemiluminescence in the presence of luminol (luminol-dependent 

chemilulinescence or CL). Morphometric analysis of neutrophils was performed from smears 

stained with Romanovsky-Giemsa and observed by light microscopy (count of 500 

neutrophils per slide). Alternatively, neutrophils were purified by centrifugation in a density 

gradient, resuspended in plasma, and then incubated with opsonized zymosan or bacteria 

and the same tests were performed. Data presented are the average of 3 replicates. 

Samples were compared by Student or Wilcoxon tests and considered significantly different if 

p ≤ 0.05. The oxidative activity of MPO was measured by two independent tests (oxidation of 

o-dianisidine dihydrochloride (OD) and depletion of free SH groups). Data from 5 

independent experiments were compared by Wilcoxon tests and considered significantly 

different if p ≤ 0.05. 
 
The samples were exposed for 5, 15 or 30 minutes to waves from 32.9 to 39.6 GHz delivered 

by a custom generator (outgoing power 70 mW; incident power 100 W/m2) and a horn 

antenna. The temperature was measured with a fiber optic thermometer and the SAR was 

estimated at 145 ± 20 W/kg. 
 
In blood samples, in the presence of opsonized zymosan or E. coli, ROS production 

increases after 15 minutes of exposure to miilimeter waves. Similarly, morphometric analysis 

of neutrophils shows an increase in the number and size of vacuoles after exposure. To 

determine the contribution of heat in this neutrophil response, blood samples were also 

heated. Quantification of ROS (CL) shows that their increase is similar to that observed 

during exposure. Thus, the increase in temperature could be the cause of the increase in 

oxidant production. The experiments were reproduced on isolated neutrophils resuspended 

in plasma. They show an increase in 
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ROS after treatment with opsonized zymosan or bacteria. Finally, in the same ex vivo 

system, exposure increases the oxidative activity of MPO. 
 
In conclusion, neutrophil activation by opsonized zymosan or bacteria is enhanced by 

exposure to millimeter wave frequencies of 32.9 - 39.6 GHz. The experiments are well 

described and rigorously performed. Data are analyzed with appropriate statistical tests. 

However, the number of replicates of ROS or MPO activity assays is low (3-5). Therefore, 

this ex vivo study has minor methodological limitations.  
 

6.4.6.3.2Conclusion  and evaluation of level of evidence 
 
In conclusion, these two papers, which analyze two different cell types (T-helper lymphocytes 

or neutrophils), suggest that millimeter waves potentiate the adaptive immune response. 

However, it would be desirable to increase the sample size of the second study. The working 

group concludes that the evidence does not allow to conclude whether or not there is an 

effect on the immune system. 

 

6.4.6.4 Effect on the locomotor system 
 
Only one study was identified, described below, but no conclusions can be drawn regarding 

possible health effects related to exposure to millimeter waves. 
 
The goal of the study published in 2012 by Xia and colleagues was to test the therapeutic effect 

of millimeter waves on osteoarthritis. Osteoarthritis is characterized by a loss of articular cartilage. 

A rabbit model of osteoarthritis is obtained by sectioning the anterior cruciate ligament of the knee 

(ACLT). It has been shown that millimeter waves can decrease inflammation and apoptosis (cell 

death) of chondrocytes (cartilage cells) (Sinotova et al., 2004; Wu et al., 2010). The condition of 

the cartilage is monitored after surgery with or without millimeter wave treatment. The treatment 

consists of radiation (37.5 GHz, 10 mW/m², applied at 5 mm from the skin for 20 or 40 minutes, 5 

times a week for 2 weeks, with an antenna. Six weeks after treatment, the animals were 

sacrificed and the condition of the cartilage was analyzed by three different tests: (1) tissue 

observation, which allows to define a histopathological score (Mankin score), (2) 

immunohistochemical markings of articular cartilage for caspase-3, caspase-8 and MMP-13 

(Matrix Metallo Proteinase), as well as a TUNEL marking, These 4 markings make it possible to 

define an apoptotic index and thus to quantify the dying cells, (3) molecular analysis of proteins 

extracted from cartilage for the presence of caspase-3, caspase-8 and MMP-13 (western blots). 

The results of this study, conducted in a rigorous manner at the biological level, are subjected to 

appropriate statistical tests (One-way ANOVA and chi-square, Kruskal-Wallis if the variances are 

heterogeneous). All three tests converge towards a beneficial effect of the longest treatment (40 

minutes). This work shows that millimeter waves limit cell death and therefore the degradation of 

articular cartilage. However, no effect 
 
« No "deleterious" effect has been researched, nor has any risk assessment been performed. 

The effect of the waves on cell proliferation remains to be determined, as well as their 

thermal or athermal nature. Also noteworthy is the absence of any indication on how to 

measure SAR and the lack of precision on the type of signal. 
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7 Conclusions and recommendations of the 
working group 
 
 

7.1 Conclusions  
 

7.1.1 Deployment 

 

South Korea was the first country in the world to deploy 5G, in April 2019. Other countries have 

followed suit at different rates and often with their own strategies. 
 
The European Commission's action plan foresaw a coordinated commercial launch in 2020. 

International tensions, in particular between China and the United States, as well as requests 

for postponement from part of the population and the political world (petitions, requests for a 

moratorium, appeals, etc.) may have contributed to slowing down the implementation of 

networks. 
 
In France, appeals had been filed with the Council of State in opposition to the allocation of 

frequencies for 5G. These were rejected in December 2020. The auctions took place in 

October 2020 and the first commercial offers to the public were made in November of the 

same year. As of January 31, 2021, the bands involved are 700 MHz (Free Mobile), 2,100 

MHz (Bouygues Telecom, Orange and SFR) and 3.5 GHz (all 4 operators). 

 

7.1.2 Exposure limit values 

 

Regarding public exposure to mobile telephony (base stations and cell phones), many 

countries in the world, including most of the European Union, including France, apply the 

limits of the International Commission on Non-Ionizing Radiation Protection (ICNIRP) 

guidelines from 1998. However, a number of European countries apply lower limits than 

those recommended by the EU Council (Belgium, Bulgaria, Croatia, Grand Duchy of 

Luxembourg, Greece, Italy, Lithuania, Poland and Slovenia). The regulations differ in the 

actual limit values, depending on the frequency, the locations where they apply, the 

monitoring procedures and possibly the minimum powers or EIRPs (equivalent isotropic 

radiated power) below which the limits do not apply. 
 
The Icnirp has published an update to its 2020 radio frequency guidelines. 

 

7.1. 3Public controversy  related to 5G deployment 

 

5G is not a technology like any other. It is a combination of technical developments and 

changes in usage that are controversial. These developments are presented in the speeches 

of the promoters as technical, economic and societal advances, while they take on new 

meanings when they enter the public arena. Here, they take place in the debates as sources 

of concern on the health, environmental and political levels. 
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5G is frightening and has given rise to an unprecedented mobilization against it. The 

absence of scientific literature on the subject, probably due to the lack of hindsight on a 

recent and evolving situation, has introduced the need to rely on the study of media corpus 

(press, social networks, popular science) to report on it. 
 
The analysis of these corpora highlights some major specificities of this controversy on 5G. 

First of all, the multidimensional nature of the public contestation. Three dimensions are 

targeted by the criticism: (1) the technical system itself, whose intrinsic properties are the 

subject of controversy as sources of potential risks; (2) the decision-making process, with the 

denunciation of a deployment launched in the absence of citizen consultation and expert risk 

assessment; (3) the societal dimension of the program, with respect to which opponents 

express their skepticism, both in terms of uses and energy efficiency.   
If the 5G controversy is part of the meta-controversy on electromagnetic fields, of which it 

represents only a later stage after those of relay antennas, Wi-Fi and Linky meters, it 

nevertheless differs from it by the irruption of the ecological cause. This is centered on the 

problem of energy consumption, unanimously supported by all the actors of the critique, in 

association with the question of health risks. 
 
This controversy also has an eminently public character. This is supported both by the media 

coverage of the 5G topic and by forms of collective mobilization that are developing in the 

digital public space and that involve a multitude of actors, some of whom are public figures. 
 
But above all, the analysis of various media arenas reveals the political dimension of this 

controversy. To the question of the risks, for health and for the environment, the contestation 

associates that of the possibility to choose - or to refuse - the deployment of the technology 

in question. 
 
This question of free choice cannot be reduced to the deployment of 5G alone, insofar as this 

technology is often presented - by its defenders as well as its detractors - as a step towards a 

broader program of generalized digitization of society, which in turn would imply, among 

other things, the filling of living spaces with an accumulation of exposure to electromagnetic 

fields. The source of conflict in 5G, then, is probably the fact that many publics feel that all 

these changes are being imposed on them without the possibility of choice or participation in 

their construction. 

 

7.1.4Assessment of  potential health effects related to 5G deployment 

 

The conclusions of the expert assessment are presented below, considering separately the 

specific issues of each of the three frequency bands concerned by the deployment of 5G 

technology in France: on the one hand, the frequencies already used by 3G and 4G mobile 

telephony technologies (700, 800, 1,800 and 2,100 MHz bands), and on the other hand, the 

new bands used specifically for 5G: the frequencies around 3.5 GHz (3.4 GHz to 3.8 GHz) 

and those around 26 GHz. 
 
No scientific study results are currently available that address the potential health effects of 

exposure to electromagnetic fields, specifically in these new frequency bands planned for 5G. 

The working group therefore 
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based, for this expertise, on existing bibliographic data in wider frequency bands. 
 
The expert reports carried out by the Anses in the past years on the possible effects of 

exposure to radiofrequencies (in particular in the 8.3 kHz - 2.5 GHz frequency band) indicate 

that the only proven effects (link between cause and effect) of radiofrequencies are thermal 

effects, i.e. related to the heating of biological tissues.  
 

■ Health effects of 5G deployment in the bands between 700 and 2100 MHz 
 
Which data sources? 
 

In France, the deployment of mobile networks using 5G technologies in the 700 to 2100 MHz 

frequency bands became a reality146 in the fall of 2020, after the work on this report began. 

As Anses has already produced several expert reports on the health effects of 

electromagnetic fields covering these frequencies, the working group relied on previous 

Anses expert reports published recently (Anses, 2013 and 2016), as well as on recent expert 

reports by foreign and international organizations. 

 

What types of potential health effects have been studied? 
 

The main effects that may be linked to exposure to electromagnetic fields in humans in this 

frequency band are: carcinogenesis, brain function (cognition, memory, electrical activity), 

fertility and electrohypersensitivity. 
 
In animals, the effects studied mainly concern the brain (behavior, cognition, memory), 

oxidative stress, genotoxicity and carcinogenesis. Finally, in vitro studies on cells from animal 

and sometimes human tissues are focused on cell death by apoptosis, oxidative stress and 

genotoxicity. 
 
The foreign institutional reports published since the last Anses assessments concerning 

these frequencies do not show a causal link between exposure to electromagnetic fields 

emitted by mobile technologies and the appearance of effects. Furthermore, it should be 

noted that for the 700 MHz frequency, no specific study has been identified by the working 

group. 

 

What can we say about 5G exposure at these frequencies? 
 

A priori, taking into account the technical data that the working group has seen, concerning 

the infrastructure and operation of 5G mobile networks, the exposure levels in the 

environment related to emissions from relay antennas, under identical conditions (user 

density, traffic, etc.) should vary little, whether the antennas emit 3G, 4G or 5G signals.  
 
 
 
 
 

 
146Many applications for installation or modification of antennas were filed with the ANFR during this 
period, for 5G emissions in the 700 or 2100 MHz frequency bands. 
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Does the deployment of 5G at these frequencies pose a health risk? 
 

The results of previous assessments conducted by Anses on the health effects of exposure 

to radio frequencies (8.3 kHz - 2.5 GHz band) are relevant for 5G deployed in the 700 - 2100 

MHz band, although no study specifically addresses the 700 MHz frequency. Furthermore, 

environmental exposure levels are likely to be comparable between 5G and previous cell 

phone technologies for the 700 - 2,100 MHz frequency range.  
 

■ Health effects of 5G deployment in the 3.5 GHz band 
 

Is there any exposure data for 5G in this frequency band? 
 

The 5G cell phone network in the frequency band around 3.5 GHz has only recently been 

opened commercially in France (1,594 sites as of January 31, 2021147), so the resulting 

exposure to electromagnetic fields is not representative today of what it will be when many 

users are connected. 
 
However, simulations have been carried out (ANFR, 2020) to assess the average field 

strength in various environments, such as urban areas. Taking into account the hypothesis 

concerning the evolution of data flows, based on an extrapolation of current 4G consumption, 

the average electric field exposure level would be around 1.5 V/m (ANFR, 2020). This level is 

comparable to that of the current 4G network, in particular due to a better throughput of 5G 

(notably thanks to directional beams). Nevertheless, these simulations show that the number 

of atypical points (exposure to electromagnetic fields greater than 6 V/m) could increase 

compared to 4G (from 0.6 to 1.1%). 
 
Measurements in various countries where 5G is already implemented tend to confirm the 

values of these simulations, but these measurements are still few. For example, in South 

Korea, where 5G has been deployed for several months, in dense urban areas, the highest 

electric field was measured at 2.1 V/m, well below the regulatory exposure limit value set at 

this frequency at 61 V/m. 
 
Regarding the cumulative exposure to different 3G, 4G and 5G technologies in France, 

simulation results (ANFR, 2020) in different 5G deployment scenarios show that the 

introduction of 5G causes only a small increase in average exposure to electromagnetic 

fields. 

 
What data on possible health effects are available in this frequency range in the 
scientific literature? 
 

The scientific literature does not provide enough studies at 3.5 GHz or in neighbouring 

frequencies (only 5 studies and in very disparate areas) to be able to assess the level of 

evidence of possible health effects at this specific frequency.  
 
 
 
 
 
 

 
147https://www.arcep.fr/cartes-et-donnees/nos-cartes/deploiement-5g/observatoire-du-deploiement-
5g-fevrier-2021.html. 
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In terms of health effects, can the knowledge available at frequencies below 2.5 GHz 
be adapted to the 3.5 GHz frequency? 
 

Is there a noticeable difference in electromagnetic energy absorption (including penetration 

depth) at 3.5 GHz compared to previous generation mobile wireless systems (e.g. 2G-4G)?  
 

The penetration depth of an electromagnetic field into the body is lower at 3.5 GHz than at 

the lower frequencies used by current mobile technologies. For example, at 3.5 GHz, the 

penetration depth is reduced by about 40% compared to 900 MHz. Also, due to the shorter 

tissue wavelengths at 3.5 GHz, the heterogeneity of the absorbed power distribution may be 

greater. 
 
However, in the case of local body exposure (e.g. from a cell phone), the variability of 

absorption due to different exposure situations (phone models, distance of use, at the head, 

near the trunk or limbs, adaptive control of the phone power, etc.) is a priori more important 

than that related to the difference between frequencies 
 
However, few dosimetric studies are available to date that provide a detailed analysis of the 

exposure of various tissues to the electromagnetic fields emitted by cell phones in the 

frequency band around 3.5 GHz. 

 

Are there any differences regarding radio frequency signals from 3.5 GHz 5G systems 

compared to previous mobile wireless systems (e.g., 2G-4G) that could impact interactions 

with the body? 
 
The characteristics of the radio frequency signals used by 5G technology are complex, but 

similar to those of 4G technology signals. However, the potential role of the intermittency of 

the radio frequency signals used by mobile communications on biophysical interactions 

would benefit from further study. 

 

Is the existence of biological effects sometimes observed linked to the frequency of 

electromagnetic fields? 
 
The working group attempted to answer the question of whether, in the frequency range near 3.5 

GHz (845 to 2450 MHz), there might be a link between the frequency of electromagnetic fields 

and the occurrence of biological effects. Based on a bibliography of articles that have studied at 

least two frequencies and have shown a biological effect of radiofrequencies, studies targeting 

cellular and molecular effects often tend 
 
à show that the intensity of biological effects increases with the frequency of the signals 

studied. On the other hand, studies on behavioral and neurophysiological effects in animals 

or in humans do not show a link between the frequency of the signals and the existence of 

the effects studied. There is therefore uncertainty as to the role of frequency in the 

occurrence of biological and physiological effects in humans. 
 
 
 

Does the deployment of 5G in the 3.5 GHz band pose a health risk? 
 
Á To date, the available data have not allowed us to conclude that there are health effects 

associated with the frequencies used by current mobile technologies. It seems difficult to 

extrapolate the results of scientific studies obtained at different frequencies, 
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even in close proximity, to draw conclusions on the potential biological, physiological and a 

fortiori health effects in the frequency band around 3.5 GHz. 
 
Nevertheless, 
 
taking into account the available data on health effects in frequency bands for which the 

penetration depth is of the same order of magnitude as in the frequency band around 3.5 

GHz, 
 

and the first exposure data available in countries where 5G is already deployed in the 3.5 

GHz band, which do not currently show a significant increase in average population exposure 

related to the large   
number of sources of electromagnetic fields, 
 

the working group considers that it is unlikely, at this stage, that the deployment of 5G in the 

frequency band around 3.5 GHz constitutes a new health risk. 
 
However, the intermittence of wireless technology signals could influence the overall 

biological responses. This has been little investigated so far, and remains a question in 

health risk assessment. 

 
■ Health effects of 5G deployment in the frequency band around 26 GHz 

 

Are there any exposure data in the frequency band around 26 GHz? 
 

No data on exposure in the specific frequency band around 26 GHz is currently available, as 

the deployment of 5G applications is still in the planning stage. However, the working group 

wished to initiate a reflection on the biophysical aspects allowing to formulate a first 

qualitative assessment of the probable exposure in this frequency band. 

 

What are the possible characteristics of future 5G system exposures in the frequency band 

around 26 GHz? 
 
Exposure to electromagnetic fields from 5G applications in the 26 GHz band differs from the 

3.5 GHz band in that wave penetration depths are on the order of millimeters, leading to 

exposure of the surface layers of the skin or eye. Predictions from experimental data and 

simulations concerning exposure to distant sources (distances of several meters between the 

source and the person) show that the power densities absorbed at the level of the skin or the 

eye will be low and will cause only very small temperature rises. Concerning exposure to 

near sources (e.g. cell phones), electromagnetic simulations performed on the coupling 

between the head or hands and the integrated miniature antennas suggest that the near field 

exposure levels will be lower than those of 3G/4G technologies. All these results will have to 

be confirmed for example by experimental data from the 14 test sites that Arcep has 

authorized over a period of 3 years and whose first returns are expected by 2022. 
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Have any studies designed specifically to investigate the health effects of 5G technology in 

this frequency band been published? 
 
To date, there is no published work to examine the specific effects of 5G in the 26 GHz band. 

For this reason, the working group considered an expanded frequency band from 18 to 100 

GHz. As a result, there is a wide disparity in the data collected in terms of frequencies, 

technologies, and types of effects studied.  
 

What are the health effects studied in the frequency band around 26 GHz (18 to 100 
GHz)? 
 

The available scientific literature has mainly studied the effects on the skin, the eye, the 

membranes, the central nervous system and the cells from various human or animal tissues 

(skin, neurons, cornea...). 

 

Skin 
 
The studies are too diverse and too few in number to conclude that there is a health effect of 

the 18 - 100 GHz frequency range on human skin. These studies do not show a direct 

genotoxic effect, but one suggests that there may be an indirect effect (aneuploidy). No 

overall effect on the transcriptome was detected, except for a transient effect on the 

expression of a few rare genes involved in the response of cells to stress. 

 

Eye 
 
Work on cornea and lens cell lines shows no effect of RF exposure at 40 and 60 GHz. An in 

vivo study on rabbits shows thermal effects on the eye when exposed, but at very high power 

(10 to 600 mW/cm2148). 
 
Central nervous system 
 
On the basis of studies essentially oriented on the possible pain-relieving effects of 

radiofrequencies (42, 60 and 94 GHz) and their mechanisms, the available data (one study in 

humans) do not allow us to conclude whether or not there is an effect on nociception or 

analgesia. Moreover, the in vitro data on neurons in culture from several animal species do not 

allow us to conclude on a particular mechanism. 

 

Genotoxic effects 
 
Four ex vivo studies have investigated exposure to electromagnetic fields at frequencies 

between 25 and 60 GHz in human cell lines (fibroblasts, lens cells, corneal cells) and rat 

leukocytes. These studies did not detect any genotoxic effect. Nevertheless, a study already 

cited in the "Skin" section detected aneuploidy in fibroblasts exposed to radiofrequencies. 

The available evidence does not allow us to conclude whether or not there is an effect. 

 

Effects on membranes 
 
The studies conducted on cell membranes are too few and too heterogeneous to conclude 

whether or not there is a biological effect. However, the  

 
148 to be compared with the limit value of 1 mW/cm². 
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work on artificial membranes149 in frequency bands between 52 and 78 GHz show both 
structural and functional modifications. 
 
Given the existing evidence on artificial membranes, the increase in membrane permeability 

observed in one cell line and the importance of membranes in cellular functions, the working 

group considers that the effects of electromagnetic fields on membranes have a limited level 

of evidence.  
 
 

Does the deployment of 5G in the 26 GHz band pose a health risk? 
 
À At present, there is insufficient data to conclude whether or not there are health effects 

associated with exposure to electromagnetic fields in the frequency band around 26 GHz. 
 
 
 

7.2 Working Group Recommendations 

 
The working group wished to make recommendations for studies and research without delay. 

  
 

Studies to improve exposure characterization 
 

 

Whereas:  
There is very little exposure data related to base stations and cell phones in real life 

situations; 
 
only exposure indicators based on numerical simulations are currently available; 
 
These indicators have not yet been validated or invalidated by field measurements due to the 

lack of 5G network deployment; 
 
the task force recommends: 
 
to carry out measurements of exposure due to cell phones in real use in the different bands 

planned for the deployment of 5G; 
 
to evaluate situations of maximum exposure in particular during the implementation of new 

base stations; 
 
to carry out measurement campaigns to quantify the increase in electromagnetic field levels 

related to a large number of users connected simultaneously to the 5G network; 
 
implement an electromagnetic field exposure monitoring program to track current and future 

exposure levels, particularly in situations where 5G will be superimposed on pre-existing 3G/4G 

signals. 
 
 
 
 
 
 
 
 
 

 
149 Artificial membranes vs. cell membranes: artificial membranes are simplified models of 
membranes 
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Experimental studies in humans and animals 
 

 

For the 700 MHz, 2.1 GHz and 3.5 GHz bands: 
 

 

Whereas:   
There are very few publications that have examined the possible biological or health effects 

of electromagnetic waves in these frequency bands in in vitro cellular models, in animals or in 

humans;  
3.5 GHz waves have a lower penetration in the tissues than  
those of lower frequencies; 
 

 

The task force recommends: 
 
to carry out studies targeting biological, physiological or behavioral effects, particularly in the 

fields of carcinogenesis, brain function (cognition, memory, electrical activity), fertility or 

electrohypersensitivity, especially in the 3.5 GHz band; 
 
to promote studies on cells in culture in order to measure parameters such as cell viability 

and genotoxicity. It would be interesting to use global "omics" approaches without 

preconceived ideas (transcriptome, proteome, metabolome, ...). 

 

Regarding the frequency band around 26 GHz : 
 
 

Considering that few studies have focused on the 26 GHz band, the working group 

recommends:  
to carry out new studies in the 26 GHz frequency band in situations of chronic or acute 

exposure; 
 
to promote studies on the effects of waves on the skin flora, which is part of the immune 

system and contributes to the good health of the skin and the body by forming a protective 

barrier against pathogenic germs; to study the adaptive immune response; to study the 

cellular microenvironment; 
 
to analyze the biological and health effects in animals by targeting the most exposed organs, 

for example the skin or the eye;  
to carry out in-depth studies on artificial and cellular membranes; 
 

to promote studies on cells in culture in order to measure parameters such as cell viability and 

genotoxicity; it would be interesting to use global "omics" approaches without a priori 

(transcriptome, proteome, metabolome, 
 
…) ;  
to analyze the effects of radiofrequencies on the nervous system (behavior, neurophysiology, 

nociception) in humans or animals; 
 
to explore whether electromagnetic waves in the 26 GHz band can have painkilling effects as 

observed at higher frequencies. 
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In addition, for all the frequency bands considered, the question of possible biological effects 

of signal intermittency of some wireless technologies requires more studies with rigorous 

quality methods.  
 
 
 
 
 

Date of validation of the collective expertise report by the working group: March 10, 

2021. 
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Appendix 2: Thermal effect of radio frequencies 
 
 

The term "radio frequency" refers to electromagnetic radiation with frequencies between 

approximately 10 kHz and 300 GHz. Applications using radio frequencies include AM and FM 

radio broadcasts (80 MHz to 110 MHz), television (up to 800 MHz), cell phones and other 

wireless communication systems (between 700 MHz and 2.6 GHz), microwave ovens, 

Bluetooth and Wi-Fi (2.45 GHz), and radar (> 10 GHz). At higher frequencies, we find the 

Terahertz waves, infrared (IR) and visible light.  
 

The current state of knowledge on the penetration of radiofrequencies in biological systems 

and the subsequent interaction mechanisms is based on two main considerations:  
the fact that biological matter (living) is a dielectric medium because it is very rich in water; 

water is a small molecule which, among all biological molecules, has the highest dipole 

moment (1.84 Debye, the Debye being 3.356.10-30 C.m);  
The study of the interaction of radiofrequencies with different dielectric materials (including 

biological matter) has made it possible to highlight the impact of the electrical component of 

radiofrequencies, with the dipole moment of biological molecules, essentially water (Stratton, 

1941). 

 

In practice, the penetration depth of radio frequency electromagnetic waves is strongly 

dependent on the frequency (see Figure 40). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 40: Penetration depth of an electromagnetic wave in a muscle 
 

Source: Barnes and Greenebaum, 2006. 
 
 

The consideration of adverse health effects has imposed the definition of exposure limit 

values, established by the International Commission on Non-Ionizing Radiation Protection 

(ICNIRP):  
at low frequencies (up to 10 MHz), the restriction is based on the internal electric field (V/m). 

This restriction is intended to prevent induced current phenomena in excitable tissues 

(muscles and nerve cells), as well as certain sensory effects; 
 
 
 

 

Public consultation version page 232 / 241 March 
2021



Anses ● Collective expertise report Referral n° 2019-SA-0006 "5G"  

 

between 100 kHz and 10 GHz, the waves are more or less penetrating and are transformed, for 

the most part, into heat. This is the specific absorption rate (SAR, see below) which gives an 

account of the energy absorbed/dissipated in the form of heat in the body per unit of time and 

mass. Evaluated locally or on the whole body, it is expressed in W/kg according to the following 

formula: SAR = .E2/ , where E is the electric field intensity 

(RMS value), the specific conductivity of the fabric (in S/m) and its density (in kg/m3); 
the penetration of waves in the body is very limited between 10 GHz and 300 GHz. The 

effects are therefore essentially surface effects. The SAR is then replaced by the power flux 
density (PSD), expressed in W/m2 according to the following formula: PSD = P.G/(4 r2) 

where P is the total power radiated into free space by the antenna, G is the maximum 

isotropic gain of the antenna and r is the antenna-target distance. It remains that, for these 
"millimeter" waves (from 30 to 300 GHz, void varies between 1 and 10 mm), the only known 

effects to date are thermal. The exposure limits are therefore set at 5 mW/cm² for workers 
and 1 mW/cm² for the general public.  
 

Between 100 kHz and 10 GHz, the dipole moments of water and biological molecules do not 

resonantly absorb the energy of these radiofrequencies. However, the alternating electrical 

component couples the dipole moment of the water molecules in the biological medium. 

These molecules then tend to follow the oscillations of the field, which generates 

intermolecular friction, a rise in temperature and a dielectric dispersion, i.e. a modification of 

the permittivity of the medium, without effect on its conductivity. 
 
The losses caused by friction result in thermal relaxation, i.e. a transformation into heat, 

within the exposed tissue. 
 
This thermal relaxation is frequency dependent and attenuates exponentially with time, with a 

time constant of 5.84.10-11 s (17.1 GHz) for liquid water at 20°C (Hasted, 1973). In biological 

materials, additional dielectric mechanisms involving the charges of cell membranes, proteins 

and different interfaces, are sensitive to different frequency ranges; they therefore follow an 

exponential attenuation specific to each, finally revealing three thermal relaxation domains 

noted alpha, beta and gamma. 
 
The "process" characterized by alpha relaxation leads to an overpermeability (up to 106 

times) of biological matter at low frequencies (a few hundred Hz, optimum at about 100 Hz). 

The "process" characterized by beta relaxation disappears above a few MHz. The "process" 

characterized by gamma relaxation is essentially that of biological water150 ; it involves an 

extended frequency band, practically between 1 GHz and 100 GHz, with an optimum 

centered around 25 GHz at 37°C (Foster and Schwan 1996). The latter process is exploited 

industrially in microwave ovens, for example, which use frequencies in the GHz range 

(generally 2.4 GHz is sufficient because, above 1 GHz, water already has difficulty following 

the oscillations of the microwave electric field). 
 
Thermal effects are invoked, on animal or human cell culture models, when the temperature of 

cells or tissues increases following exposure to radiofrequencies. These effects concern the high 

part of the radiofrequencies, above 100 kHz, but especially from 10 MHz and up to several tens 

of GHz. 
 
 

150 Water molecules bound to proteins behave differently than free water. 
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In practice, the level of heating of biological tissue is quantified by the SAR (Specific 

Absorption Rate). The SAR makes it possible to establish, empirically, the limits of energy 

that can be deposited by thermal relaxation in vivo, therefore in the form of heat. The 

experience acquired on different animal species for different frequencies shows that an 

increase of 1°C in the core temperature of a living organism imposes an average SAR of 

about 4 W/kg (Afsset, 2009; D'Andrea; Adair and de Lorge, 2003; Elder, 1994). Below this 

value, the thermoregulatory system of the exposed organism is able to maintain the body 

temperature, as the vascularization of biological tissues allows the removal of heat.   
SAR is the energy representative of a temperature increase for a given mass of tissue. This energy is 

proportional to the square of the effective value of the applied electric field: 

 Eeff 
2 
 dT  J 

      2 

DAS   c. dt   

    
 
Eeff: RMS value of the electric field amplitude in the tissues (V/m), i.e. the peak value divided by the root of 2.  

σ conductivity of the fabric (S/m)  
ρ density of the fabric (kg/m3) 

dT/dt : temperature variation in the fabric (°C/s)  
J : induced current density in the fabric (A/m²)  
c : Mass heat of the human body tissues expressed in J/kg/K°. 
 

The higher the electric field, the greater the thermal effect. Thus, a continuous wave will have 

a much greater thermal effect than a pulsed or intermittent wave of the same energy level. 

We must not confuse energy and power. Thus, for the same effective value of the electric 

field, a wave of a few nanoseconds (ns) will deposit much less energy than a wave of a few 

milliseconds (ms). Signals of such short duration can therefore only generate negligible 

thermal effects that cannot be detected by the measurement. 
 
A review article by Foster and Glaser, published in 2007, reviewed the thermal mechanisms 

related to the interaction between RF electromagnetic fields and biological systems (Foster 

and Glaser 2007). The transient temperature increase (shortly after the onset of exposure) 

for a SAR of 10 W/kg is 0.15 °C/min. In the steady state, the temperature increase, for the 

same SAR, is 0.1 to 0.3 °C with a time constant of about 1 to 2 min. Among the effects 

explored by the authors, they point out that the threshold of heat perception in humans is 

about 0.06°C, and the pain threshold, in the case of skin exposed to intense pulses of 3 s at 

94 GHz, at a temperature of 43.9°C. 
 
The other effects of electromagnetic fields on living organisms are well described in the scientific 

literature, for those involving high intensity exposures, which are only exceptionally encountered 

in everyday life. This knowledge has led to the establishment of exposure limit values for the 

general population and for professionals, which prevent the occurrence of acute short-term 

effects (Icnirp, 1998; Icnirp, 2010). Although certain effects on living organisms resulting from low-

level exposures (below the regulatory exposure limit values) have been described, their 

involvement in the occurrence of short- or long-term health effects is still widely debated (Anses, 

2013). 
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Appendix 3: Reminder of the concepts of apoptosis and necrosis 
 
 

Classically, cell death is categorized into two main types: apoptosis, a genetically 

programmed cell death, i.e. the cell has, in its genome, the genetic code of the proteins 

involved in this cell death, those that will eventually "kill" the cell from the inside, and 

necrosis, which was considered as an accidental cell death, produced by an external agent, 

which is not programmed in the cell. In a way, one could say that apoptosis is a cell suicide 

and necrosis a murder carried out by an external agent. This concept is now obsolete.   
It is important to know that, apart from the determinism of these cell deaths, the cellular process 

and the response of the organism is different. In fact, during apoptosis, the activation of specific 

proteases and endonucleases will destroy the necessary proteins 
 
à cell survival and degrade the genome. This results in characteristic phenotypic changes: 

the cell condenses, shrinks, detaches from neighboring cells, its plasma membrane produces 

buds called blebs, the cell nucleus fragments, the DNA breaks down into small pieces of 180 

base pairs or more (nucleosomes or oligonucleosomes). The cell eventually fragments into 

what are called apoptotic bodies. The membrane modifications that accompany these 

processes mean that the cells near the cell that dies will become very fond of these apoptotic 

bodies, they will phagocytose them and thus the cell that has just died will disappear from the 

tissue "without a trace". This avoids damaging the neighboring cells and significantly reduces 

the inflammatory response of the tissue. 
 
In necrosis, on the other hand, the damage suffered by the cell causes its uncontrolled 

"explosion", the spilling of the cellular contents into the intercellular space, damage to 

neighboring cells (mainly due to the spilling of lysosomal contents, but also of cellular 

proteases and endonucleases) and a strong inflammatory reaction of the tissue with 

macrophagic invasion and everything that follows. 
 
What are the agents that cause necrosis and apoptosis? Apoptosis can be triggered when 

"the time of the cell" arrives; for example, cell death during embryonic development (e.g., 

reabsorption of interdigital membranes) or by cell damage: DNA mutation, viral infection, etc. 

Necrosis, on the other hand, is produced by intense cellular stress: burning, acute lack of 

oxygen, for example. 
 
Nowadays, the cellular characteristics of necrosis and apoptosis are still valid but the clear 

cut between these two mechanisms is less clear cut. In a tissue, it is possible to have both 

responses at the same time. For example, in stroke, the area of the brain directly irrigated by 

the blocked artery will be strongly affected by necrosis, while in the surrounding area, "the 

penumbra of the infarct", apoptosis will be found. 
 
In recent years, the view on necrosis has been extremely modified. It may still be an 

"accidental death" of the cell but it has been shown that "programmed necrosis", also called 

"necroptosis", also exists. It involves the activation of specific cellular proteins, notably the 

"receptor interacting protein kinanses" or RIP kinases, which will lead to the formation of 

molecular complexes capable of making holes in all cellular membranes, including the 

plasma membrane, which will have the effect of an "explosion of the cell" provoked from 

within. 
 
Thus, whether the death mechanisms are programmed or not, the major difference between 

apoptosis and necrosis is not the programmed or not aspect but the difference in the 
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propagation of cellular damage in the tissue and the resulting immune response, which can 

also increase tissue damage. 
 
As explained earlier, apoptosis has well-defined cellular characteristics. They are always the 

same, which has led to the misconception that it is only one molecular pathway that is 

involved, the caspase pathway. Whether it is the caspase pathway or other pathways, one 

thing is constant: cells have what they need to die, because death is their default program; a 

normal cell, without further instruction, dies. And when the cell activates its cell death 

program, it is because something is wrong, so this activation is irreversible. When the 

caspase pathway (proteolytic enzymes) is activated, this is done by cleaving procaspase 

which is inactive but always present in the cytoplasm of the cell (any normal cell is always 

ready to die). And since the active caspase can catalyze its own activation when the 

caspases are activated, we usually see only the cleaved form. It is an exponential process. In 

sum, the normal cell has only the whole, uncleaved, non-active form of caspases, the pro-

caspase. The cell in cell death has only the active cleaved form. What you need to look at is 

the cleavage rate, the expression is not informative (unless there is none, of course).   
As one can imagine, the cleavage of caspases must be well controlled. Thus, to activate 

some of the caspases and initiate the degradation cascade, molecular complexes are 

required, the most important of which is the "apoptosome". It is a molecular platform of 

activation. This apoptosome is made up of different elements including cytochrome C, a 

molecule of mitochondrial origin. Since the apoptosome is in the cytoplasm, the exit of 

cytochrome C from the mitochondria is required. This is done by a combination of proteins of 

the Bcl2 family (BcL2, Bax, among others) which, by localizing to the mitochondrial 

membrane, form channels to let cytochrome C escape. As for caspases, the expression of 

these molecules is not very important, what matters is to have the pro-apoptotic members of 

this family (in this case Bax) in the mitochondrial membrane. 
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Appendix 4: Press titles covered in the corpus of articles compiled 
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ATS - Swiss Telegraphic Agency (French) 
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Daily Bulletin (French) 
 
BUSINESS IMMO.com (French) 
 
Center Presse (Aveyron, France, French) 
 
Challenges (French) 
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Context (France, French) 
 
Corse-Matin (France, French) 
 
Courrier Picard (Amiens, France, French) 
 
Décideurs Magazine (French) 
 
Dordogne Libre (France, French) 
 
Multimedia Edition@ (French) 
 
Electronics (French) 
 
ElectroniqueS.biz (French) 
 
Funds (French) 
 
IFRI: French Institute of International Relations 

- All sources 
 
Industry & Technology (French) 
 
Investir-Le Journal des Finances (French) 
 
Investment Advice (French) 
 
IT Espresso - All sources 
 
Jeune Afrique (French) 
 
L'Est Eclair (Aube, France, French) 
 
L'Eclair des Pyrénées (Pau, France, French) 
 
L'Eclaireur du Gâtinais (Loiret, France, French) 
 
The evening edition by Ouest France (French) 
 
L'Équipe (France, French) 
 
L'Est Républicain (Lorraine, France, French) 
 
L'Eveil de la Haute Loire (France, French) 
 
L'Express (French) 
 
L'Humanité (France, French) 
 
L'Humanité Dimanche (French)

 
 
L'Obs (French) 
 
L'Opinion (France, French) 
 
L'Union / L'Ardennais (France, French) 
 
L'Express-L'Impartial (Switzerland, French) 
 
L'Usine Nouvelle (French) 
 
La Charente Libre (France, French) 
 
La Correspondance de la Presse (French) 
 
The Correspondence of Advertising (French) 
 
The Economic Correspondence (French) 
 
La Côte (Vaud, Switzerland, French) 
 
La Croix (France, French) 
 
La Dépêche du Midi - All sources 
 
La Gazette des Communes (French) 
 
The Letter A (French) 
 
The Appointments Letter (French) 
 
La Libre Belgique (French) 
 
La Montagne (France, French) 
 
La Nouvelle République du Centre Ouest 

(France, French) 
 
La Provence (Marseille, French) 
 
La République des Pyrénées (Pau, France, 

French) 
 
La Revue des Collectivités Locales (French) 
 
La Tribune (France, French) 
 
La Tribune Hebdomadaire (France, French) 
 
La Tribune.fr (France, French) 
 
La Voix du Nord (Lille, France, French) 
 
LaGazette.fr (French) 
 
Lamontagne.fr (France, French) 
 
Le Berry Républicain 
 
Le Courrier de l'Ouest (Angers, France, 

French) 
 
Le Courrier des Maires et des Elus locaux 

(French) 
 
Le Figaro - All sources 
 
Le Figaro Bourse Premium (France, French) 
 
The Journal of Reunion Island (French) 
 
Le Journal des Entreprises (French) 
 
Le Journal du Centre (Nièvre, France, French) 
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Le Maine Libre (Le Mans, France, French) 
 
Agéfi Luxembourg Monthly (French) 
 
Le Monde (France, French) 
 
Le Progrès (France, French) 
 
Le Républicain Lorrain (France, French) 
 
Le Télégramme (French) 
 
Le Temps (Geneva, French) 
 
Leberry.fr (Cher, France, French) 
 
LePoint.fr (French) Les Echos - All sources 

Libération (France, French) LSA.fr (French) 

Mesures.com (French) 
 
Midi Libre (Montpellier, France, French) 
 
Nice-Matin (France, French)

 
Nord Eclair (Nord-Pas-de-Calais, France, 

French) 
 
Nouvelobs.com (French) 
 
Option Finance (French) 
 
Ouest France (French) 
 
Paris Normandie (Rouen, France, French)   
Point B@nque (French) 
 
Presse Océan (Nantes, France, French) 
 
Sciences et Avenir (French) 
 
Sciencesetavenir.fr (French) 
 
Strategies (French) 
 
Sud Ouest (Bordeaux, France, French) The 

Canadian Press - All sources Var-Matin 

(France, French) Ville Rail et Transports 

(French) 
 
Vosges Matin (France, French) 
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Appendix 5: Articles from The Conversation 
 
 
Ahmed W., Downing J., Tuters M., Knight P., 2020, "Four experts investigate how the 5G coronavirus 
conspiracy theory began," The Conversation, 11 June 2020 
 
Arnaud-Cormos D., Leveque P., 2020, "5G and health: what do we know?", The Conversation, 8 
October 2020   
Belgrave D., 2019, 'Huawei or the highway? The rising costs of New Zealand's relationship with 
China," The Conversation, February 20, 2019 
 
Branch P., 2016, "The 'G' in 5G: how mobile generations have evolved," The Conversation, January 
17, 2016 
 
Branch P., 2018, "What is a mobile network, anyway? This is 5G, boiled down," The Conversation, 
August 31, 2018. 
 
Cappy A., 2020, "Why 5G will inflate our energy consumption," The Conversation, Nov. 3, 2020 
 
Chatelain Y., 2020, "Privacy and the risk of 'surveillance capitalism,' the forgotten of 5G debates," The 
Conversation, September 23, 2020 
 
Colombero S., Pigni F., Dal Zotto P., 2019, "Is everything to throw away in 5G? ", The Conversation, 
August 25, 2019. 
 
Destiny T., 2020, "Conspiracy theories about 5G networks have skyrocketed since COVID-19," The 
Conversation, June 2, 2020 
 
Destiny T., 2020, "Should we be afraid of 5G?", The Conversation, May 5, 2020 
 
Dohler M., 2014, "5G mobile networks will support an internet that's so good you can feel It" , The 
Conversation, 29 September 2014 
 
Dohler M., 2014, "Three wireless technologies that could make 5G even faster," The Conversation, 
March 23, 2015 
 
Dowse A., 2018, "The 5G network threatens to overcrowd the airwaves, putting weather radar at risk", 
The Conversation, 14 June 2018 
 
Dreier J., 2018, "Security flaws in the upcoming 5G mobile communications standard," The 
Conversation, December 7, 2018 
 
Dugoin-Clément C., 2020, "The geopolitical stakes of 5G," The Conversation, September 25, 2020 
 
Findlay C., 2019, 'Banning Huawei could cut off our nose to spite our face. Good 5G matters," The 
Conversation, December 1, 2019. 
 
Gaskarth J., 2020, "How US-UK intelligence sharing works - and why Huawei 5G decision puts it at 
risk," The Conversation, February 5, 2020 
 
Glance D., 2016, "Marketers claim 5G will support the Internet of Things but is that really a thing?", 
The Conversation, 28 February 2016 
 
Gopalan S., 2018, "Explainer: why Chinese telecoms participation in Australia's 5G network could be a 
problem", The Conversation, 5 June 2018 
 
Gregory M. A., 2015, "Explainer: what is 5G?", The Conversation, April 2, 2015 
 
Harambam J., 2020, "Why we should not treat all conspiracy theories the same", The Conversation, 
June 11, 2020 
 
Hasan M. S.,2020, "Could 5G replace cable broadband? ", The Conversation, January 8, 2020 
 
Hill T., Canniford R., Murphy S., "Why 5G conspiracy theories prosper during the coronavirus 
pandemic," Conversation, April 9, 2020 
 
Jensen M., 2020, "How misinformation about 5G is spreading within our government institutions - and 
who's responsible," The Conversation, July 13, 2020 
 
Kleinman M., 2018, '5G: UK risks losing its lead, but some simple steps could prevent that', The 
Conversation, 2 August 2018 
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Lacey S., 2020, "Huawei's window of opportunity closes: how geopolitics triumphed over technology," 
The Conversation, July 7, 2020 
 
Lagrange X., 2020, "5G: what is it? How does it work? ", The Conversation, September 25, 2020 
 
Linge N., 2014, "Explainer: after 4G, why do we need 5G phones?", The Conversation, 3 January 
2014 
 
Linge N., 2019, "5G: what will it offer and why does it matter?", The Conversation, 24 January 2019  
 
Loughran S., 2019, 'There's no evidence 5G is going to harm our health, so let's stop worrying about 
it', The Conversation, 1 August 2019 
 
Michaux V., 2020, "5G a new phase of the digital revolution - but more like 2025-2035", The 
Conversation, 3 September 2020 
 
Paul G., 2020, "Huawei and 5G: UK had little choice but say yes to Chinese - here's why", The 
Conversation, 30 January 2020 
 
Poissonnier H., 2017, "5G: an economic bombshell to come... and to prepare for," The Conversation, 
April 6, 2017 
 
Rabaey J., 2018, "What is 5G? The next generation of wireless, explained," The Conversation, May 
17, 2018 
 
Shanapinda S., 2019, "Blocking Huawei from Australia means slower and delayed 5G - and for 
what?", The Conversation, 23 May 2019 
 
Shanapinda S., 2020a, "No, 5G radiation doesn't cause or spread the coronavirus. Saying it does is 
destructive," The Conversation, April 7, 2020 
 
Shanapinda S., 2020b, "Apple releases fast 5G iPhones, but not for Australia. And we're lagging 
behind in getting there", The Conversation, 15 October 2020 
 
Tonson B., Couderc E., 2020, "Feature: 5G, shock waves? ", The Conversation, October 8, 2020 
 
Tucker R., 2017, "5G will be a convenient but expensive alternative to the NBN", The Conversation, 25 
October 2017 
 
Zhang M. Y., 2019, 'Blocking Huawei's 5G could isolate Australia from future economic opportunities', 

The Conversation, 3 June 2019. 
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Appendix 6: Key words used in the bibliographic research 
 
 

À As an example, the search equation presented below, which integrates the keywords used 

during this expertise, was used with the Scopus search engine.  
 

 

TITLE-ABS-KEY ("millimetre-wave" OR "milli-metre-wave" OR "milli-metre-wave" OR "mm-
emf" OR "decimeter-wave" OR "decimeter wave" OR "wimax" OR "wifimax" OR "S-band" OR 
"S band" OR "fifth generation" OR "5th generation" OR "Massive MIMO" OR "mMIMO" OR 
"MIMO antenna" OR "Antenna array" OR "millimeter wave" OR "millimeter-wave" OR "mm 
wave" OR "mm-wave" OR mmw OR "k band" OR "k-band" OR "ka band" OR "ka-band" OR 
"radio-relay" OR ( 5g AND ( field OR band OR network OR mobile OR system OR radiation ) 
) OR "5G-NR" OR "LTE-M" OR "NB-IoT" OR "IMT-2020" OR "eMMB" OR "mMTC" OR 
"uRLLC" OR "beam forming" OR "c band" OR "c-band" OR "centimeter wave" OR 
"centimeter-wave" OR "cm-wave" OR "above 6 GHz" ) 
 

 

AND ( "expos*" OR "coexpos*" OR "co-expos*" ) OR TITLE-ABS-KEY ( "specific absorption" 
OR sar OR dosimet* OR "power density" OR "health effect*" OR "health impact*" OR 
bioeffect* OR bio-effect* OR "biological effect*" OR "adverse effect*" OR adenoma* OR 
alzheimer OR apoptosis OR "auditory function*" OR "birth defect*" OR blood-brain-barrier 
OR "bone marrow" OR metabolism OR cancer* OR carcino* OR "cell death" OR "cellular 
proliferation*" OR "central nervous system" OR "cerebral blood flow" OR "circadian rhythm*" 
OR "cognitive disorder*" OR "cognitive function*" OR "cognitive development" OR "cognitive 
defect*" OR "cognitive deficit*" OR "cognitive performance*" OR "congenital abnormalit*" OR 
"congenital defect*" OR dementia* OR "baby development" OR "child development" OR 
"foetal development" OR "fetal development" OR "newborn development" OR "DNA break*" 
OR "DNA damage*" OR "DNA repair*" OR electroencephalogram* OR electro-
encephalogram* OR electrosensitiv* OR electro-sensitiv* OR electrohypersensitiv* OR 
electro-hypersensitiv* OR electro-hyper-sensitiv* OR "electromagnetic hypersensitiv*" OR 
epigenetic* OR "evoked potentials" OR *fertility OR "genomic instabilit*" OR glioma* OR 
"Idiopathic environmental intolerance attributed to electromagnetic field*" OR iei-emf* OR 
leukemia* OR leukaemia* OR lymphoma* OR meningioma* OR mutation* OR necrosis OR 
neoplasia* OR neoplasm* OR neurodegenerativ* OR neurolemoma OR neurilemmoma OR 
neurinoma OR neuroma* OR "non-thermal effect*" OR "oxidative stress" OR parkinson OR 
phosphene* OR pregnant OR pregnancy OR schwannoma* OR sclerosis OR thermal-effect* 
OR toxi* OR tumor* OR tumour* OR occular OR eye* OR skin OR keratinocyte* OR 
melanoma OR brain OR "nervous system" OR testis OR heart ) 
 

 

AND ( LIMIT-TO ( DOCTYPE , "ar" ) OR LIMIT-TO ( DOCTYPE , "re" ) ) 

 
AND ( EXCLUDE ( SUBJAREA , "ENGI" ) OR EXCLUDE ( SUBJAREA , "PHYS" ) OR 
EXCLUDE ( SUBJAREA , "EART" ) OR EXCLUDE ( SUBJAREA , "COMP" ) OR EXCLUDE ( 
SUBJAREA , "MATH" ) ) 

 

AND ( LIMIT-TO ( PUBYEAR , 2020 ) OR LIMIT-TO ( PUBYEAR , 2019 ) OR LIMIT-TO ( 

PUBYEAR , 2018 ) OR LIMIT-TO ( PUBYEAR , 2017 ) OR LIMIT-TO ( PUBYEAR , 2016 ) 

OR LIMIT-TO ( PUBYEAR , 2015 ) OR LIMIT-TO ( PUBYEAR , 2014 ) OR LIMIT-TO ( 

PUBYEAR , 2013 ) OR LIMIT-TO ( PUBYEAR , 2012 ) 
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