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Before 1996: EPA was in Development of 
RF Exposure Guidelines 

“Completion of the guidelines in a timely manner remains a priority of this office.” 
-Romano Trovato, Director EPA Office of Radiation and Air, June 19, 1995



Environmental Health Trust et al. v. the 
FCC

2021: United States Court of Appeals for the 
D.C. Circuit : FCC did not provide 
evidence of examining the record. 

The Court mandated the FCC address :
● long-term exposure
● children's vulnerability
● Impacts to the developing brain and 

reproductive system
● environmental effects
● technological developments since 1996

No response so far. 





Wireless Radiation 
Regulatory Gaps 

There is no review of 
all of the relevant 
evidence on bioeffects 
by any U.S. regulatory 
agency. 

 

Environmental Protection 
Agency 



No agency with 
activity
regarding the 
health and 
environmental 
effects of cell 
tower 
and 4G/5G 
“small” cell 
antennas. 
Government Accountability 
Office 2012, 2020



1500 feet
● Shelburne, MA 
● Copake, NY 
● Sallisaw, OK 
● Bar Harbor ME:

1000 feet
● Stockbridge, MA 
● San Diego County CA

500 feet  
● Scarsdale New York 

250 feet 
● Ithaca NY   

New Hampshire State Commission on 5G 
Health and Environment recommends 1,640 
feet  

Communities with large 
setbacks for wireless 
antennas.  



16 New York 
Community Boards
passed 
moratoriums or 
letters of 
disapprovals  



Regulatory 
Gap 

No compliance 
and enforcement 
program for 
cell towers
or 5G/4G 
“small” cells.

San Francisco 2019



U.S. Cell Antenna
Compliance Policy 

=
The Honor System 



No FCC 
Review of 
RF Reports
● No standardization 

for RF compliance 
report formats

● No follow up on 
recommendations

● Lack of 
transparency in 
documentation. 

View of “Small” Cell Being Installed 
Window of Pittsburgh Home  



USA Regulatory 
Gaps

No measuring 
monitoring or 
mapping for 
environmental 
RF levels. 

Louisiana 



Governments That Measure 
Environmental Cell Tower Radiation  

France, Greece, Turkey, 
Switzerland, India, Israel, United 
Kingdom, Australia, French 
Polynesia, Senegal, Guinea, 
Monaco, Bhutan, Austria, 
Gibraltar, Brussels Belgium, 
Bulgaria,  Tunisia, Bahrain, 
Norway, Brazil, Malta, Thailand, 
Croatia, Lithuania, Serbia, Spain

https://safetymeasurements.tra.org.bh/map/




USA Regulatory 
Gaps

No federal 
registry of 
all wireless 
facility sites. 



Pending Federal 
Legislation 
Preempts Local 
and State Control 
HR 3557: 

● Virtually eliminates states’ 
rights and local authority 
overplacement

● Exempts most wireless 
deployments from the 
National Environmental 
Policy Act (NEPA) and 
National Historic 
Preservation Act (NHPA).

 Upper East Side, New York City Apartment



How can governments rely on 
FCC to protect public and the 

environment with such 
regulatory gaps ?

● No Enforcement Program 
● No Standardized Data Backed 

Compliance Procedures 
● No Measuring and Monitoring 
● No Federal Registry
● No Health and Environmental 

Surveillance 
● No Ongoing Research Review 
● No Regular Evaluation of FCC 

Limits. 
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“The FDA does not 
regulate cell towers or 
cell tower radiation.  
Therefore, the FDA has 
no studies or information 
on cell towers to provide 
in response to your 
questions.”

-Ellen Flannery, Director 
of the FDA Office of 
Policy Center for Devices 
and Radiological Health
January 11, 2022  

View from third floor of home in Pennsylvania 
with “small” cell going up 



“EPA’s last review was in 
the 1984 document 
Biological Effects of 
Radiofrequency 
Radiation. The EPA does 
not currently have a 
funded mandate for 
radiofrequency matters.”

-Lee Ann B. Veal
Director, EPA Radiation Protection 
Division
Office of Radiation and Indoor Air
to Scarato July 8, 2020 and 2023



“The NCI is not involved in the 
regulation of radiofrequency 
telecommunications infrastructure 
and devices, nor do we make 
recommendations.” 

“Neither the literature reviews, nor 
the fact sheets, make safety 
determinations.” 

-National Cancer Institute

7/30/2020 and 4/2018



Why India Lowered RF 
Limits to 10% of ICNIRP
2012 Inter-Ministerial report reviewed the research 
(Ministry of Environment and Forest ) on birds, bees, 
plants, humans, and other wildlife. 

Conclusions:
While there were significant research gaps, 
“the vast majority of published literature indicate 
deleterious effects of EMFs in various species.” 
(Sivani and Sudarsanam 2012). 

Recommendations:
● More stringent RF limits
● EMFs be “recognized as a pollutant” with regular 

auditing of EMF levels near schools, hospitals, 
and ecologically sensitive areas..

● More protections for flora and fauna in urban 
areas 



ehtrust.org

“The result of the FCC’s lack of 
accountability is cumulative and 
incalculable environmental damage: 
views of protected landscapes and 
historic sites ruined, wetlands filled, 
endangered species habitat cleared, 
sacred sites desecrated, burial 
mounds and archaeological sites 
disturbed, and fragile underwater 
environments degraded.” 

‘Attorney Erica Rosenberg
Former Assistant Chief, Competition 
and Infrastructure Policy Division at 
the Federal Communications 
Commission 
Wireless Telecommunications Bureau
Harvard University, BA  and Boston 
College Law School, JD. 

How the FCC Fails 
to Follow 
Environmental 
Laws and Fails the 
Public



Base Station 
Antennas Increasing 
Environmental Levels  

● A 2018 multi-country study (Sagar et al. 2018) 

found RF measurements in Los Angeles, California 

now 70 times higher than levels measured in City 

in the late ‘70s, as part of a twelve-city study (Tell 

and Mantiply 1982; Hankin 1986).

●  In the 1982 report, TV and FM radio broadcast 

antennas were the dominant contributors to the 

RF exposures.  

● The 2018 study found that RF emissions from 

mobile phone base stations was now generally 

the dominant contributor to exposures in most 

outdoor areas.

https://nepis.epa.gov/Exe/ZyNET.exe/2000ECTQ.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1981+Thru+1985&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C81thru85%5CTxt%5C00000003%5C2000ECTQ.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL


“If radio frequency emissions 
from wireless handsets or 
equipment on our 
communications infrastructure are 
demonstrated to cause negative 
health effects, potential future 
claims could adversely affect our 
operations, costs or revenues….We 
currently do not maintain any 
significant insurance with respect 
to these matters.”
  
-Crown Castle 10-K

Warns Shareholders 
of Risk
But Not Consumers
Nor Neighbors



T-Mobile 
 In addition, the FCC has from time to time gathered data regarding wireless device 
emissions, and its assessment of the risks associated with using wireless devices 
may evolve based on its findings. Any of these allegations or changes in risk assessments 
could result in customers purchasing fewer devices and wireless services, could result in 
significant legal and regulatory liability, and could have a material adverse effect on our 
business, reputation, financial condition, cash flows and operating results." 
(T- Mobile 10-K Report page 21)



Verizon Total Mobile Protection Insurance 
Defines Non-ionizing Radiation as “Pollution” 

https://ehtrust.org/wp-content/uploads/device-protection-brochure-nationwide.pdf


New Hampshire Commission 
on 5G Health and the 
Environment
2020 REPORT
 
One year of investigation with testimony by expert 
scientists. 15 recommendations to protect the public 
and environment. 

● State should measure RFR and post maps with 
RF measurements..

● RFR signal strength measurements for cell sites 
should be done by independent contractors.

● NH professional licensure to offer RF  
measurement  education for home inspectors.



Sheffield and Great 
Barrington Massachusetts  
Residents voted in favor of a citizen’s 
petition 
● applications for 5G installations 

incomplete until FCC completes 
environmental review and updates its 
limits. 

 
Fountain Hill, Arizona 
Moratorium on 5G until full review of 
issue/policies by town. 

● EHT et al v FCC lawsuit and research 
linking exposure to health effects 
highlighted. 

 

 



Ecolog Institute Report 
(2000)  commissioned by 
T-Mobile recommended 
an exposure limit 1000 
times lower than the 
FCC’s  current power 
density limit. 

https://ehtrust.org/wp-cont
ent/uploads/T-mobile-RF-
Radiation-Ecolog-2000-R
eport-.pdf

https://ehtrust.org/wp-content/uploads/T-mobile-RF-Radiation-Ecolog-2000-Report-.pdf
https://ehtrust.org/wp-content/uploads/T-mobile-RF-Radiation-Ecolog-2000-Report-.pdf
https://ehtrust.org/wp-content/uploads/T-mobile-RF-Radiation-Ecolog-2000-Report-.pdf
https://ehtrust.org/wp-content/uploads/T-mobile-RF-Radiation-Ecolog-2000-Report-.pdf


Los Angeles California School 
District Office of Health and 
Safety developed a "cautionary 
level" for radiofrequency 
radiation 10,000 times lower 
than FCC regulations because:
"it is believed that a more 
conservative level is necessary 
to protect children, who 
represent a potentially vulnerable 
and sensitive population."  



Measurements of radiofrequency electromagnetic fields, including 5G, in the city of Columbia, 
South Carolina, USA
TARMO KOPPEL1,3 and LENNART HARDEL WORLD ACADEMY OF SCIENCES JOURNAL 4: 23, 2022

2022 South Carolina RF Measurement Study 
RF hotspots and elevated RF exposures to people 

when antennas were mounted close to ground on utility poles  (Koppel and Hardell)

Close Range 
Exposure

Close Range 
Exposure









“Based on lessons that 
should have been learned 
from studies on RFR at 
frequencies below 6 GHz, 
we should no longer rely 
on the untested 
assumption that current or 
future wireless 
technology, including 5G, 
is safe without adequate 
testing. To do otherwise is 
not in the best interest
of either public or 
environmental health.” 









5G: Low , Mid and High Band- Submillimeter and 
Millimeter Waves

Netherland Health Council recommends against 26 GHz for 5G 
due to lack of safety data.

“The International Association of Fire Fighters’ position on 
locating cell towers commercial wireless infrastructure on fire 
department facilities, as adopted by its membership in August 
2004 (1), is that the IAFF oppose the use of fire stations as 
base stations for towers and/or antennas for the conduction 
of cell phone transmissions until a study with the highest 
scientific merit and integrity on health effects of exposure to 
low-intensity RF/MW radiation is conducted and it is proven 
that such sitings are not hazardous to the health of our 
members.”

California Firefighter Unions carved themselves out of State 
proposed bills that would streamline small facilities in right of way. 

8 Community Boards in New York City disapprovals and 
moratoriums on 5G poles. 

 





According to Belyaev 2019, “the health 
effects of chronic MMW exposures may be 
more significant than for any other 
frequency range.” 
Nowadays, biological and health effects of 
5G communication, which will use 
microwaves of extremely high frequencies 
(millimeter waves MMW, wavelength 1- 10 
mm), are of significant public concern. It 
follows from available studies that MMW, 
under specific conditions of exposure at very 
low intensities below the ICNIRP guidelines, 
can affect biological systems and human 
health. Both positive and negative effects 
were observed in dependence on exposure 
parameters. In particular, MMW inhibited 
repair of DNA damage induced by ionizing 
radiation at specific frequencies and 
polarizations. To what extend the 5G 
technology and the Internet of Things will 
affect the biota and human health is 
definitely not known. However, based on 
possible fundamental role of MMW in 
regulation of homeostasis and almost 
complete absence of MMW in atmosphere 
due to effective absorption, which suggests 
the lack of adaptation to this type of 
radiation, the health effects of chronic MMW 
exposures may be more significant than for 
any other frequency range.”

https://ieeexplore.ieee.org/document/9002324








   

Link to AAP Webpage

 

https://www.healthychildren.org/English/safety-prevention/all-around/Pages/Electromagnetic-Fields-A-Hazard-to-Your-Health.aspx


According to Belyaev 2019, “the health 
effects of chronic MMW exposures may be 
more significant than for any other 
frequency range.” 
Nowadays, biological and health effects of 
5G communication, which will use 
microwaves of extremely high frequencies 
(millimeter waves MMW, wavelength 1- 10 
mm), are of significant public concern. It 
follows from available studies that MMW, 
under specific conditions of exposure at very 
low intensities below the ICNIRP guidelines, 
can affect biological systems and human 
health. Both positive and negative effects 
were observed in dependence on exposure 
parameters. In particular, MMW inhibited 
repair of DNA damage induced by ionizing 
radiation at specific frequencies and 
polarizations. To what extend the 5G 
technology and the Internet of Things will 
affect the biota and human health is 
definitely not known. However, based on 
possible fundamental role of MMW in 
regulation of homeostasis and almost 
complete absence of MMW in atmosphere 
due to effective absorption, which suggests 
the lack of adaptation to this type of 
radiation, the health effects of chronic MMW 
exposures may be more significant than for 
any other frequency range.”

https://ieeexplore.ieee.org/document/9002324


The FCC Keeps Letting Me Be: Why Radiofrequency 
Radiation Standards Have Failed to Keep Up With 
Technology

“The  FCC  and  FDA  have  failed  in  their  obligation  to  
prescribe  safe  RFR guidelines  produced  from  
wireless  communication  devices  to  protect  the  public
health and safety.”



“The danger with EMF is that, like asbestos, the 
exposure insurers face is underestimated and 
could grow exponentially and be with us for many 
years.”
-Lloyds of London 2010 Report

● Swiss Re Report 2019 5G rated as a “high off 
the leash”  emerging risk 

● Swiss Re Reports 2013, 2014 ranks  the 
”unforeseen consequences of EMF”  to  the 
insurance industry as “High” 

● No insurance coverage for cell phone 
companies for EMF damages  since 1997.

● Insurance companies exclude EMFs as an 
industry standard in general policies. 

 Insurance Companies Rank RF Risk as “High”
Industry Standard to Exclude Coverage  

Image: 2011 Business Insurance White Paper
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Evidence for a health risk by RF on humans living around mobile phone 
base stations: From radiofrequency sickness to cancer 

A. Balmori 1 

C/ Rigoberto Cortejoso, 14 47014, Valladolid, Spain   

A R T I C L E  I N F O   
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A B S T R A C T   

The objective of this work was to perform a complete review of the existing scientific literature to update the 
knowledge on the effects of base station antennas on humans. Studies performed in real urban conditions, with 
mobile phone base stations situated close to apartments, were selected. Overall results of this review show three 
types of effects by base station antennas on the health of people: radiofrequency sickness (RS), cancer (C) and 
changes in biochemical parameters (CBP). Considering all the studies reviewed globally (n = 38), 73.6% (28/38) 
showed effects: 73.9% (17/23) for radiofrequency sickness, 76.9% (10/13) for cancer and 75.0% (6/8) for 
changes in biochemical parameters. Furthermore, studies that did not meet the strict conditions to be included in 
this review provided important supplementary evidence. The existence of similar effects from studies by different 
sources (but with RF of similar characteristics), such as radar, radio and television antennas, wireless smart 
meters and laboratory studies, reinforce the conclusions of this review. Of special importance are the studies 
performed on animals or trees near base station antennas that cannot be aware of their proximity and to which 
psychosomatic effects can never be attributed.   

1. Introduction 

During the last few decades, hundreds of thousands of mobile phone 
base stations and other types of wireless communications antennas have 
been installed around the world, in cities and in nature, including pro-
tected natural areas, in addition to pre-existing antennas (television, 
radio broadcasting, radar, etc.). Only the aesthetic aspects or urban 
regulations have been generally considered in this deployment, while 
the biological, environmental and health impacts of the associated non- 
ionizing electromagnetic radiation emissions have not been assessed so 
far. Therefore, the effects on humans living around these anthropogenic 
electromagnetic field sources (antennas) have not been considered. 

In France, there is a significant contribution of mobile phone base 
stations in the exposure to radiofrequency electromagnetic fields (RF- 
EMF) of urban citizens living nearby (De Giudici et al., 2021). Some 
studies from India indicate that more than 15% of people have levels of 
EMF strength above 12 V/m due to their proximity to antennas (Premlal 
and Eldhose, 2017). Exposure estimates have shown that RF-EMF from 
mobile telephone systems is stronger in urban than in rural areas. For 
instance, in Sweden the levels of RF radiation have increased consid-
erably in recent years, both outdoor and indoor, due to new 

telecommunication technologies, and the median power density 
measured for RF fields between 30 MHz and 3 GHz was 16 μW/m2 in 
rural areas, 270 μW/m2 in urban areas and 2400 μW/m2 in city areas 
(Hardell et al., 2018). Total exposure varies not only between urban and 
rural areas but also, depending on residential characteristics, between 
different floors of a building, with a tendency for building exposure to 
increase at higher floors (Breckenkamp et al., 2012). 

Over the past five decades, and more intensively since the beginning 
of this century, many studies and several reviews have been published 
on the effects of anthropogenic electromagnetic radiation on humans 
living around the antennas. The first studies were carried out with radio 
and television antennas, investigating increases in cancer and leukaemia 
(Milham, 1988; Maskarinec et al., 1994; Hocking et al., 1996; Dolk et al., 
1997a, 1997b; Michelozzi et al., 1998; Altpeter et al., 2000), as well as 
around radars (Kolodynski and Kolodynska, 1996; Goldsmith, 1997). 

Regarding base station antennas, there are scientific discrepancies in 
their effects: some studies concluded that there are no health-related 
effects (e.g. Augner and Hacker, 2009; Blettner et al., 2009; Röösli 
et al., 2010; Baliatsas et al., 2016) whereas others found increases in 
cancer and other health problems in humans living around antennas (e. 
g. Santini et al., 2002; Navarro et al., 2003; Bortkiewicz et al., 2004; 
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Eger et al., 2004; Wolf and Wolf, 2004; Abdel-Rassoul et al., 2007; 
Khurana et al., 2010; Dode et al., 2011; Shinjyo and Shinjyo, 2014; 
Gandhi et al., 2015; López et al., 2021; Rodrigues et al., 2021). There is a 
specific symptomatology linked to radar and RF exposure at low levels, 
characterized by functional disturbances of the central nervous system 
(headache, sleep disturbance, discomfort, irritability, depression, 
memory loss, dizziness, fatigue, nausea, appetite loss, difficulty in con-
centration, dizziness, etc.), that has been termed ‘RF sickness’ (Lilienfeld 
et al., 1978; Johnson Lyakouris, 1998; Navarro et al., 2003). 

The objective of this study was to perform a complete review of the 
existing scientific literature to update the knowledge on the effects of 
base stations on humans living around the antennas. 

2. Methods 

A search was performed in the EMF portal, Google Scholar and 
PubMed databases with the words: “mobile phone base station and 
health” or “cell tower and health”. 

Only studies performed in real urban conditions, with mobile phone 
base stations situated close to apartments, were selected. Studies con-
ducted in larger regions with numerous antennas, based on surveys and 
geographic data, were also included. 

On the contrary, studies were excluded that considered different 
sources of electromagnetic radiation, such as mobile phone base stations 
together with broadcast transmitters (TV and radio), radar, mobile 
phones, cordless phones, Wi-Fi or wireless smart meters. Also excluded 
were those that included antennas and powerlines jointly. Studies that 
only performed measurements or modelling of radiation levels in the 
environment of the antennas or in the body, but did not deal with health 
effects, were excluded, as were surveys on risk perception and the 
nocebo effect, modelled radiofrequency electromagnetic field exposure 
from mobile-phone base stations or perceived exposure. All experi-
mental laboratory studies, experiments in an exposure chamber or 
adapted room were also excluded. Finally, the comments or criticism of 
previously published studies were also excluded. However, due to their 
importance the conclusions of some of the excluded studies will be 
discussed in the corresponding section. 

3. Results 

The studies that met the selected criteria are presented in chrono-
logical order in Table 1, catalogued as Y/N depending on whether or not 
they found effects. The selected studies cover three types of effects: 
radiofrequency sickness (RS) (according to Lilienfeld et al., 1978; 
Johnson Lyakouris, 1998), cancer (C) and changes in biochemical pa-
rameters (CBP). Table 1 also includes the authors, year and country, 
antenna type, study design, diseases and symptoms found/not found and 
the main conclusions of each study. 

Considering all the selected studies (n = 38), 73.6% (28/38) showed 
effects: 73.9% (17/23) for radiofrequency sickness, 76.9% (10/13) for 
cancer and 75.0% (6/8) for changes in biochemical parameters (Fig. 1). 
Therefore, most of the studies carried by research groups from twenty 
different countries reach the same conclusions. 

For the reasons previously explained, the following studies (n = 85) 
were not considered in this review, even though the conclusions of some 
of these studies will be discussed later due to their importance regarding 
the similarities of the electromagnetic radiation types involved and the 
health effects found in many cases. Several studies only performed 
measurements or modelling of radiation levels in the environment of the 
antennas or in the body, but did not deal with the effects on health (e.g. 
Aniołczyk, 1999; Henderson and Bangay, 2006; Keow and Radiman, 
2006; Neitzke et al., 2007; Bürgi et al., 2008; Augner et al., 2009; Chen 
and Chuang, 2009; Schmiedel et al., 2009; Viel et al., 2009; Hansson 
et al., 2011; Alhekail et al., 2012; Breckenkamp et al., 2012; Beekhuizen 
et al., 2013; Bürgi et al., 2014; Lyare et al., 2019; Urbinello et al., 2014; 
Lemaire et al., 2016; Admawi, 2021; De Giudici et al., 2021; Kazaure 

et al., 2021; Yetiş and Kayili, 2021). Some were surveys on risk 
perception and the nocebo effect, modelled RF-EMF exposure from 
mobile-phone base stations or perceived exposure (Wiedemann et al., 
2006; Dohle et al., 2012; Kowall et al., 2012; Freudenstein et al., 2015; 
Dieudonné, 2016; Klaps et al., 2016; Martens et al., 2017; Koh et al., 
2020). Others jointly considered various sources of electromagnetic 
fields such as telephone antennas, mobile phones, cordless phones, 
Wi-Fi, powerlines or wireless smart meters (Seitz et al., 2005; Baliatsas 
et al., 2011; Atzmon et al., 2012; Eskander et al., 2012; Frei et al., 2012; 
Lamech, 2014; Singh and Pati, 2016; Boehmert et al., 2020; Akkam 
et al., 2020). Some studied the effects of radio or television antennas 
(Milham, 1988; Maskarinec et al., 1994; Hocking et al., 1996; Dolk et al., 
1997a, 1997b; McKenzie et al., 1998; Michelozzi et al., 1998; Altpeter 
et al., 2000; Hocking and Gordon, 2000; Boscolo et al., 2001; Cooper 
et al., 2001; Michelozzi et al., 2002; Hallberg and Johansson, 2002; 
Elwood, 2003; Ha et al., 2003; Park et al., 2004; Abelin et al., 2005; 
Altpeter et al., 2006; Ha et al., 2007; Satta et al., 2018). Others were 
radar studies (Kolodynski and Kolodynska, 1996; Goldsmith, 1997; 
Szmigielski et al., 2001; Yakymenko et al., 2011; Schoeni et al., 2016; 
Martens et al., 2018). Some studies performed experiments in a labo-
ratory, exposure chamber or adapted room, with simulated or real 
electromagnetic radiation from base station antennas (e.g. Zwamborn 
et al., 2003; Hinrichs et al., 2005; Regel et al., 2006, 2007; Eltiti et al., 
2007; Leitgeb et al., 2008; Riddervold et al., 2008; Augner et al., 2009; 
Augner et al., 2010; Wallace et al., 2010; Danker-Hopfe et al., 2010; 
Falcioni et al., 2018; Azimzadeh and Jelodar, 2019; Smith-Roe et al., 
2020). Some reports were comments or criticisms of previously pub-
lished studies (e.g. Coggon, 2006; Röösli and Huss, 2008; Bithell, 2010; 
Dode and Leão, 2012; Foster and Trottier, 2012; Mortazavi, 2014, 
2017). 

4. Discussion 

The results of this review show three types of effects by base station 
antennas on the health of humans: radiofrequency sickness, cancer and 
changes in biochemical parameters (Fig. 1). From among all these 
studies, most of them found effects (73.6%). Thus, despite some limi-
tations and differences in study design, statistical measures, risk esti-
mates and exposure categories (Khurana et al., 2010), together they 
provide a consistent view of the effects on the health of people living in 
the vicinity of base station antennas. 

Studies conducted in large regions with numerous antennas, based 
on surveys and geographic data (e.g. Augner and Hacker, 2009; Dode 
et al., 2011; Baliatsas et al., 2016; Martens et al., 2017; Dode et al. al., 
2021), have the limitation that there may be many factors other than the 
base station antennas affecting the health of the population (environ-
mental and occupational determinants of diseases and symptoms, indi-
vidual characteristics such as food and life habits, activity level, 
smoking, self-medication, individual pathologies or genetic factors) that 
can act as confounding factors. It is important to mention here that the 
meters used for power density measurements in research papers should 
have more high quality equipment and better measurement methods. 

On the other hand, some studies did not meet the strict conditions to 
be considered in this review, but due to their importance regarding the 
similarities of the electromagnetic radiation types involved and the ef-
fects found in many cases, they provide important supplementary evi-
dence, as we will see in the next paragraphs. 

For example, mobile phone users had an increased risk of headache 
(one of the typical symptoms for RF sickness near base station antennas) 
compared with non-users, and the risk of headache was also increased in 
those who had a longer daily call duration and higher daily call fre-
quency (Wang et al., 2017). The same was also seen with cancer (Hardell 
et al., 2007). On the other hand, the symptoms caused by wireless smart 
meters were similar to those reported by people exposed to RF fields 
emitted by mobile phones (Lamech, 2014). 

A. Balmori                                                                                                                                                                                                                                        
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Table 1 
Studies that met the selected criteria.  

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

1 
Y 
RS 

Santini et al. 
(2002), 2003a and 
2003b 
France 

Base station 
antennas 
GSM 900 and 1800 
MHz 

Questionnaire survey in 530 people Effects found on: 
-tiredness 
-headache 
-sleep disturbance 
-discomfort 
-irritability 
-depression 
-memory loss 
-dizziness 
-libido decrease 
-visual perturbations 

Effects occur up to a distance of 300 m 
from the antenna. Older subjects are 
more sensitive. Also, hat the facing 
location is the worst position for some 
symptoms s tudied, especially for 
distances till 100 m from base stations. 
The frequency of reported complaints 
is significantly higher for women in 
comparison with men 

2 
Y 
RS 

Gómez-Perretta 
et al., 2013 
Spain 

Base station 
antennas 
GSM 900 and 1800 
MHz 

Questionnaire survey in 101 people 
and electric field measurements 

Effects found on: 
-fatigue 
-irritability 
-headache 
-nausea 
-appetite loss 
-discomfort 
-sleep disturbance 
-depression 
-difficulty in concentration 
-dizziness 

Significant correlation between the 
declared severity of the symptoms and 
the measured power density. The 
separation of respondents into two 
different exposure groups also showed 
an increase of the declared severity in 
the group with the higher exposure. 
The incidence of most of the symptoms 
was related to exposure levels, 
independently of the demographic 
variables and some possible risk 
factors. Health changes related with 
GSM exposure seem to occur in a 
manner unrelated with those fears 

3 
Y 
RS 

Bortkiewicz et al. 
(2004) 
Poland 

Base station 
antennas 

Review of previous publications Effects found on: 
-circulatory system 
-sleep disturbances 
-irritability depression 
-blurred vision 
-concentration 
-difficulties nausea 
-lack of appetite 
-headache 
-vertigo 

Relationship between the incidence of 
individual symptoms, the level of 
exposure, and the distance. This 
association was observed in both 
groups of persons, those who linked 
their complaints with the presence of 
the base station and those who did not 
notice such a relation. 

4 
Y 
C 

Eger et al. (2004) 
Germany 

2 Base station 
antennas 

Number of cancer cases in the 
selected population (1045 resident) 
in Naila to compare results an inner 
area (within a distance of 400 m from 
the base station antennas) and outer 
area (beyond 400 m). 

The number of newly developed cancer 
cases in the inner area is more than the 
expected number taken from the cáncer 
register, which represents the total 
population being irradiated. The group 
who had lived during the past five years 
within a distance of 400 m from the 
Base station antennas have a two times 
higher risk of developing cancer than 
that of the average population. The 
relative risk of getting cancer in the 
inner área compared with the Saarland 
cancer register is 1.7. 

The risk of newly developing cancer 
was three times higher among those 
patients who had lived during past ten 
years (1994–2004), within a distance 
of 400 m From the cellular transmitter, 
in comparison to those who had lived 
further away. 

5 
Y 
C 

Wolf and Wolf 
(2004) 
Israel 

1 Base station 
antenna 

A cancer incidence study to 
investigate the incidence of cancer 
cases of individuals (the cohort 
included 622 people) exposed to a 
Base station antenna, in comparison 
to those of a nearby clinic out of that 
area, to the national incidence rates of 
the whole country and to the 
incidence rates in the whole town of 
Netanya 

There were 4.15 times more cases of 
cáncer in area A (breast carcinoma, 
ovary carcinoma, lung carcinoma, 
Hodgkin’s disease, osteoid osteoma, 
and hypernephroma) than in the entire 
population. 

The study indicates an association 
between an increased incidence of 
cancer and living in proximity to a 
Base station antenna. 

6 
Y 
RS 

Hutter et al. (2006) 
Austria 

10 Base station 
antennas in the 900 
MHz band 

Questionnaire survey in 365 subjects 
and exposure measurements 

Effects found on: 
-headache 
-difficulties to concéntrate 
-Cold hands or feet 
No effects found on: 
-vertigo 
-palpitations 
-tremor 
-hot flushes 
-sweating 
-loss of apetite 
-loss of energy, 
-exhaustion 
-tiredness 

Self-reported symptoms like headache 
and difficulties in concentrating show 
an association with microwave 
exposure from base stations, not 
attributable to subjects’ fear of health 
effects from these sources. 
Other symptoms, like sleeping 
problems, seem to be more due to fear 
of adverse health effects than actual 
exposure. 

(continued on next page) 
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Table 1 (continued ) 

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

-feeling strained 
-sleep 

7 
Y 
RS 

Abdel-Rassoul 
et al. (2007) 
Egypt 

Base station 
antennas (GSM) 

Questionnaire survey on 85 exposed 
persons and 80 controls 

Effects found on: 
-headache 
-memory changes 
-dizziness 
-tremors 
-depressive symptoms 
-sleep disturbance 
No effects found on: 
-Blurred visión 
-Irritability 
-Lack of concentration 

The prevalence of neuropsychiatric 
complaints were significantly higher 
among exposed inhabitants than 
controls. 
Inhabitants living nearby mobile 
phone base stations are at risk for 
developing neuropsychiatric problems 
and some changes in the performance 
of neurobehavioral functions either by 
facilitation or inhibition. 

8 
N 
CBP 

Augner and Hacker 
(2009) 
Austria 

Base station 
antennas 

Questionnaire survey on fifty-seven 
participants and saliva samples 

Self-declared base station neighbors 
(≤100 m) had significantly higher 
concentrations of alpha-amylase in 
their saliva, higher rates in symptoms, 
somatization, obsessive-compulsive, 
anxiety, phobic anxiety. There were no 
differences in EMF-related health 
concern scales. 

Self-declared base station neighbors 
are more strained than others. EMF- 
related health concerns cannot explain 
these findings. 

9 
N 
RS 

Blettner et al. 
(2009) 
Berg-Beckhoff 
et al. (2009) 
Germany 

Base station 
antennas (GMS 900 
and 1800 and 
UMTS 2170) 

Questionnaire survey on 30,047 
participants and geo-coding 
information on the residence distance 
(less or more than 500 m) to the 
nearest mobile phone base station. 
In a second phase RF measurements 
were conducted for a sub-sample in 
the households of 1500 persons 

The mailed questionnaire included a list 
of 38 symptoms that have been reported 
in previous studies to be possibly 
associated with RF-EMF exposure 

Participants who were concerned 
about or attributed adverse health 
effects to mobile phone base stations 
and those living in the vicinity of a 
mobile phone base station (500 m), 
reported slightly more health 
complaints tan others. The observed 
slightly higher prevalence of health 
complaints near base stations cannot 
be explained by attributions or 
concerns alone. The worries and 
health complaints of people living 
close to mobile phone base stations 
need to be taken seriously. Measured 
RF-EMFs emitted from mobile phone 
base stations were not associated with 
health disturbances. However, the 
study shows that sleep disturbances 
and health complaints are related to 
the attribution of adverse health 
effects to mobile phone base stations. 

10 
Y 
RS 
C 

Kundi and Hutter 
(2009) 
Austria 

Base station 
antennas 

Review of previous publications Effects found on: 
Adverse neurobehavioral symptoms or 
cancer 

There are indications from 
epidemiology that such exposures 
affect wellbeing and health weakly 
supported by human provocation 
studies and an inconclusive body of 
evidence from animal and in vitro 
studies. 
Cross-sectional investigations of 
subjective health as a function of 
distance or measured field strength, 
despite differences in methods and 
robustness of study design, found 
indications for an effect of exposure 
that is likely independent of concerns 
and attributions. 
Two ecological studies of cancer in the 
vicinity of base stations report both a 
strong increase of incidence within a 
radius of 350 and 400 m respectively. 
Due to the limitations inherent in this 
design no firm conclusions can be 
drawn, but the results underline the 
urgent need for a comprehensive 
investigation of this issue 

11 
Y 
C 

Eger and Jahn 
(2010) 
Germany 

Base station 
antennas 

Questionnaire survey on 255 persons Effects found on: 
-sleep problems 
-depression 
-headaches 
-cerebral affections 
-concentration difficulties 
-joint problems 
-infections 
-skin problems 

A significant relationship between 
mean exposure levels of the study 
participants and reported health 
symptoms. 
Within the 400-m radius around the 
transmitter, a higher symptom rate 
could be documented for 14 out of 19 
symptom groups in the highest 
exposure groups compared to groups 

(continued on next page) 

A. Balmori                                                                                                                                                                                                                                        



Environmental Research 214 (2022) 113851

5

Table 1 (continued ) 

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

-dizziness 
-cardiovascular problems 
-disturbance of equilibrium 
-visual problems 
-nosebleed 
-gastrointestinal problems 
No effects found on: 
-toothaches 
-hormonal imbalances 
-weight gain 
-weight loss 

further away from the transmitter and 
the difference is statistically 
significant. 
Decreasing symptom scores in relation 
to decreasing mean exposure levels 
caused by cell phone transmitter 
emissions 

12 
N 
C 

Elliott et al. (2010) 
Great Britain 

Base station 
antennas 

Data on all registered cases of cancer 
in children aged 0–4 in Great Britain 
and data on mobile phone base 
stations to investigate the risk of early 
childhood cancer associated with the 
mother’s exposure to radiofrequency 
from and proximity to mobile phone 
base stations during pregnancy. 

Of the 1397 cases, there were 251 brain 
and central nervous system cancers and 
527 cases of leukaemia and non- 
Hodgkin’s lymphoma. The study found 
no association between mobile phone 
base stations and risk of cáncer. 

In this systematic national 
investigation the authors found no 
association between risk of cancer in 
young children and estimated 
exposures to radiofrequency from 
mobile phone base stations during 
pregnancy. However there is a 
research paper limitation on page 5: 
“our models did not include 
information on other sources of 
radiofrequency exposure, such as from 
microcells or picocells” and the city 
centers (especially) are full of these 
kind of antennas. 

13 
Y 
RS 
C 

Khurana et al. 
(2010) 
international 

Base station 
antennas 

Review of previous publications Effects found on: 
Adverse neurobehavioral symptoms or 
cancer 

The authors identified a total of 10 
epidemiological studies that assessed 
for putative health effects of mobile 
pone base stations. Seven of these 
studies explored the association 
between base station proximity and 
neurobehavioral effects and three 
investigated cancer. The authors found 
that eight of the 10 studies reported 
increased prevalence of adverse 
neurobehavioral symptoms or cancer 
in populations living at distances 
<500 m from base stations. 

14 
N 
RS 

Röösli et al. (2010) 
Switzerland 

Base station 
antennas (GMS 900 
and 1800 and 
UMTS 2170) 

Systematic review There are no adverse effects Not indication of an association 
between any health outcome and RF- 
EMF exposure from mobile phone base 
stations at levels typically found in our 
everyday environment. There is also 
no evidence that EHS individuals are 
more susceptible to base station 
radiation than the rest of the 
population. The evidence for the 
absence of long-term effects is limited. 

15 
N 
CBP 
C 

Yildirim et al. 
(2010) 
Turkey 

Base station 
antennas 

Blood samples to analise the 
micronucleus (MN) frequency and 
chromosomal aberrations on blood in 
people living around mobile phone 
base stations and healthy controls. 

There was not a significant difference of 
MN frequency and chromosomal 
aberrations between the two study 
groups. 

Mobile phones and their base stations 
do not produce important 
carcinogenic changes. 

16 
Y 
RS 

Alazawi, 2011 
Iran 

8 Base station 
antennas 

Questionnaire survey on 375 subjects. 
Not measurements 

Effects found on: 
-headaches 
-sleep disturbances 
-irritability 
-depressive 
-tendencies 
-feeling of discomfort, 
-difficulties in concentration 
-memory loss 
-lowering of libido 

This study shows that inhabitants 
living nearby mobile phone base 
stations are at risk for developing non 
specific health symptoms, the facing 
position appears to be the worst one 
for distances from cellular phone base 
stations <100 m. 
It is advisable that cellular phone base 
stations should not be sited closer than 
300 m to populations, as a 
precautionary measure, sitting of base 
stations should be such as to minimize 
exposure of neighbors. 

17 
Y 
C 

Dode et al. (2011) 
Brazil 

Base station 
antennas 

This research was conducted in a 
broad environmental context, aiming 
to verify if there is a spatial 
correlation between the Base station 
antennas and the cases of death by 
neoplasia during the period between 
1996 and 2006 in Belo Horizonte 
municipality (Brazil). 

The mortality rates and the relative risk 
were higher for the residents inside a 
radius of 500 m from the Base station 
antennas, compared to the average 
mortality rate of the entire city, and a 
decreased dose– response gradient was 
observed for residents who lived farther 
away from these base stations. 

The research showed the existence of a 
spatial correlation between cases of 
death by neoplasia and the locations of 
the Base station antennas, in the Belo 
Horizonte municipality from 1996 to 
2006. 
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Table 1 (continued ) 

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

18 
Y 
C 

Li et al. (2012) 
Taiwan 

Base station 
antennas 

Population-based case–control study 
in Taiwan considerering incident 
cases aged 15 years or less and 
admitted in 2003–2007 for all 
neoplasm (n = 3481 children). 
Exposure of each study subject to 
radio frequency (RF) was indicated by 
the averaged annual power density 
within 5 years prior to the neoplasm 
diagnosis. Controls were randomly 
selected. 

Taiwanese children with higher-than 
median exposure of RF potentially 
emitted from Base station antennas 
were at significantly increased risk of all 
neoplasms combined. Although there 
were also positive associations between 
RF power density and risks of brain 
neoplasm and leukaemia in children, 
such associations did not reach 
statistical significance. 

This study noted a significantly 
increased risk of all neoplasms in 
children with higher-than-median RF 
exposure to Base station antennas. The 
slightly elevated risk was seen for 
leukaemia and brain neoplasm, but 
was not statistically significant. 

19 
N 
C 

Stewart et al. 
(2012) 
Great Britain 

1 Base station 
antennas (GMS 
1800) 

Data on cancer incidence and 
mortality accessing the medical 
information of near residents 

The study cannot conclude that the base 
station is responsible for the incidence 
of cancer in the local residents 

Although the age range for local 
residents with cancer in the suspected 
cluster was younger than might be 
generally expected, there was no 
evidence that their cancer incidence is 
associated with the mobile phone base 
station. 10 cancers were registered 
after installation of the base station. 
However, the collection of cancers 
does not fulfil the criteria for a cancer 
cluster; the cases are a mixed variety of 
relatively common cancers. No single 
type of cancer was dominant, all but 
one were common types of cancer and 
none were seen in a group not usually 
affected by that cancer. Data from 
primary and secondary care also 
provide evidence that lifestyle and 
family history factors could have 
contributed to some individual cases. 

20 
N 
RS 

Islam and 
Mohammed 
(2014) 
Bangladesh 

Base station 
antennas 

Questionnaire survey on 220 adults 
living near a Base station antenna for 
at least one year in two selected areas 

Half of the respondents experienced 
problems in sleeping patterns, recent 
episodes of headache or dizziness and 
mood change, anxiety, or depression. 
11 respondents experienced some 
generalized burning sensation and 4 
reported episodes of shaking or fits. 48 
respondents mentioned one or more 
other health effects, such as mood 
changes/problem, buzzing in the head, 
hopelessness, palpitation, tachycardia, 
heaviness of chest, anorexia, diarrhoea, 
and skin diseases. 

From the results of the study cannot 
conclude that the health effects are 
direct results of the base station 
antennas. However, the complaints 
were similar to those of other studies, 
which shows the importance of 
conducting further research to 
determine the effects of 
electromagnetic radiarion from base 
station antennas on human health and 
should be considered as a public health 
concern. 

21 
Y 
RS 

Pachuau and 
Pachuau (2014) 
India 

Base station 
antennas (GSM 
900) 

Questionnaire survey conducted on 
64 adults (31 female, 33 male) and 
electric field measurements. Health 
symptoms of RF exposure faced by the 
inhabitants within 50 m and outside 
50 m from the tower were analysed 
and compared. 

Effects found on: 
-Muscle pain 
-Fatigue 
-Sleep disorder 
-Nausea 
-Skin problema 
-Dizziness 
-Feeling of discomfort 
-Difficulty in concentration 
-Memory loss 
-Visual disruption 

Inhabitants living within 50 m had 
more health complaints than those 
living outside 50 m. It was also found 
that females had more complaints than 
males 

22 
Y 
RS 

Shinjyo and 
Shinjyo (2014) 
Japan 

2 base station 
antennas (CDMA 
800 MHz and 2 
GHz) 

Medical examinations and health 
questionnaires comparing the health 
of 107 residents during the base 
station’s operation and after its 
removal. 
Measurement of the power density 

Effects found on: 
-fatigue 
-eye problems 
-sleep disturbances 
-dizziness 
-headache 
-tinnitus 
-nasal bleeding 
No effects found on: 
-tachycardia 
-tumours 
-skin problems 
-rhinitis 
-angina pectoris 
-hearing loss 

A total of 34 residents suffered from 
health problems after installation of 
the 800 MHz antennas. Three months 
after their removal this number 
decreased to 13. There were 41 
residents who had health problems 
after installation of the 2 GHz 
antennas, and this number decreased 
to 15 after removal of the 2 GHz 
antennas. In total 49 residents suffered 
from health problems during 
operation of both the 800 MHz and the 
2 GHz antennas. However, this 
number decreased to 25 after removal 
of both sets of antennas.The residents 
had no prior knowledge about possible 
adverse health effects of RF-EMFs. 
Health problems of the residents were 
associated with the operation of the 
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Table 1 (continued ) 

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

mobile phone base station and these 
problems improved after its removal. 

23 
Y 
CBP 

Gandhi et al. 
(2015) 
India 

Base station 
antennas 

Questionnaire survey and blood 
simples from 91 individuals, with 
70% (63) residing in a populated area 
with a mobile phone base station (the 
sample group) and 30% (28) in a 
sparsely-populated zone without any 
nearby base stations (the control 
group). 
Radiofrequency field measurements 

Effects found on: 
Genetic damage parameters of DNA 
migration length, damage frequency 
(DF) and damage index 

Genetic damage was significantly 
increased in the sample group 
compared to that in the controls. The 
2.5–4.5-fold increase in DNA damage 
in peripheral blood lymphocytes of 
persons staying near a mobile phone 
base station is of acute concern given 
that all neoplasia initiate via 
unrepaired DNA damage. 
In the light of the above observations 
and the statistically significant genetic 
damage observed in those residing 
within 300 m of a mobile phone base 
station in this study, it implies that the 
effects of radiations from mobile 
phone base stations cannot be 
overlooked, as unrepaired DNA 
damage can lead to cancer, precocious 
ageing and age-related effects. 

24 
Y 
CBP 

Meo et al. (2015) 
Saudi Arabia 

2 Base station 
antennas (925 
MHz) near two 
schools 

RF-EMF measurements and blood 
sample collection 

Effects found on: 
-chronic hyperglycemia 
-increased HbA1c 
-diabetes mellitus 

Students who were exposed to high 
EMFR generated by MPBS had 
significantly higher HbA1c and 
prevalence of pre diabetes mellitus 
compared to the students who exposed 
to low EMFR. EMFR appears to be 
another risk factor contributing to 
high levels of HbA1c and risk of type 2 
diabetes mellitus. 

25 
Y 
RS 

Pachuau et al. 
(2015) 
India 

Base station 
antennas (GSM 
900) 

Questionnaire survey from 50 
exposed and 50 control individuals. 
Power density measurements 

Effects found on: 
-fatigue 
-sleep disruption 
-headache 
-dizziness 
-muscle pain 
-cramp 
No effects found on: 
-nausea 
-discomfort 
-difficulty in concentration 
-memory los 
-skin problems 
-visual disruption 
-hearing problem 

Inhabitants living near mobile tower 
are having more health complaints 
than those inhabitants living in the 
area where there is no mobile tower 

26 
Y 
CBP 

Al-Quzwini et al. 
(2016) 
Iraq 

Base station 
antennas 

Questionnaire survey. Two hundred 
couples (one hundred subfertile 
couples as a study group, and one 
hundred fertile couples as a control 
group. Semen analysis 

Twenty-nine percentage of subfertile 
couples had exposure to environmental 
hazards (communication’s tower beside 
their house-within 50 m), and 71% non- 
hazard. The duration of the exposure to 
the environmental factor ranged from 2 
to 7 years. 

The exposure to environmental 
hazards shows significant difference 
between the subfertile and the fertile 
men; as higher percentage of exposure 
to mobile phone tower among 
subfertile group, 29% versus 12% for 
the fertile group, 

27 
N 
RS 

Baliatsas et al. 
(2016) 
The Netherlands 

Base station 
antennas (GSM and 
UMTS) 

Health records from 1069 adult 
participants, All participants were 
living within 500 m from the nearest 
bases station. A propagation model 
combined with a questionnaire was 
used to assess indoor exposure to RF- 
EMF from MPBS at T1. Estimation of 
exposure at T0 was based on number 
of antennas at T0 relative to T1. 

Compared to the baseline period, there 
was a higher prevalence of symptoms 
theoretically relevant to EMF at T1. A 
significant increase was observed in the 
prevalence of ear symptoms and a two- 
fold (but not significant) increase in the 
prevalence of skin symptoms. Overall, 
the total prevalence was slightly lower 
at T1. A consistent association between 
UMTS exposure and different clusters of 
GP-registered symptoms, for the self- 
declared mobile phone base stations- 
sensitive group. 

This before-after study found no 
evidence that RF-EMF exposure from 
mobile phone base stations is 
associated with the development of 
non-specific symptoms in the general 
population, corroborating recent 
observational studies. Subgroup 
analyses among people with self- 
reported sensitivity to base stations 
showed a higher prevalence for most 
symptoms at T1 compared to baseline 
and there was some indication for a 
higher risk of non-specific symptoms 
for the mobile phone base stations- 
sensitive group, in relation to 
exposure. 

28 
N 
RS 

Klaps et al. (2016) 
Austria 

Base station 
antennas 

Meta-analysis based on the results of 
17 studies 

The effects of mobile phone base 
stations seem to be rather unlikely. 
However, nocebo effects occur. 

It is unclear whether electromagnetic 
fields emitted by mobile phone base 
stations affect well-being in adults. 
The existing studies on this topic are 
highly inconsistent. 

29 
Y 

Singh et al. (2016) 
India 

4 Base station 
antennas 

Effects found: 
-sleep disturbances 

A majority of the subjects who were 
residing near the mobile base station 
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Table 1 (continued ) 

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

RS 
CBP 

Questionnaire survey and salivary 
analysis in 20 individuals (case 
group) and 20 (control group) 

-headache 
-dizziness 
-irritability 
-concentration difficulties 
-hypertension 

had various complaints. 
A majority of the study subjects had 
significantly lesser stimulated salivary 
secretion as compared to the control 
subjects. 
The effects of prolonged exposure to 
EMRs from mobile phone base stations 
on the health and well-being of the 
general population cannot be ruled 
out. 

30 
Y 
RS 

Premlal and 
Eldhose, 2017 
India 

14 Base station 
antennas 

Questionnaire survey (229 persons) 
and power density measurements 

Joint pain, sleep disorders, migraine 
related headaches and digestive 
problems 

For 32 different diseases, only 4 were 
found to have obvious relation to the 
cell tower radiation. Females are more 
prone to the bad effects of cell tower 
radiation. The current Indian standard 
for cell tower exposure is inadequate 
for the safe living. 

31 
Y 
CBP 

Taheri et al. (2017) 
Iran 

Base station 
antennas 

45 healthy individuals with their 
home 
near BTS antenna (exposed group) 
and 45 healthy subjects who were 
away from the antenna 

In the exposed group, the whole 
number of white blood cells, the level of 
hematocrit, percent of monocytes, 
eosinophils and basophils were 
significantly lower than the control 
group. The number of red blood cells, 
their average volume and the mean 
concentration of hemoglobin were 
notably higher than the controls. 
There was not observed a significant 
difference between the two groups in 
hemoglobin, its mean concentration, 
platelet count, percent of lymphocytes 
and neutrophils as well as serum levels 
of cytokines IL-4, IL-10 and interferon γ. 

The radiation of base station antennas 
influenced the blood and immune 
systems. 

32 
Y 
RS 
C 

Vijay and 
Choudhary (2017) 
India 

40 Base station 
antennas 
(900–1800 MHz) 

Questionnaire survey Effects found: 
- headache 
- depression 
- sleep disturbance 
- nausea 
- fatigue 
- asthma 
- cancer 
- Alzheimer’s disease 
- multiple sclerosis 
- brain tumor. 

The questionnaires show that people 
have some kind of physical or mental 
illness after the installation of mobile 
towers. 

33 
Y 
CBP 

Zothansiama et al. 
(2017) 
India 

6 Base station 
antennas 
(900–1800 MHz) 

Questionnaire survey. 
Blood sample collection and 
lymphocyte culture. 
Power density measurement. 
Exposed group (n = 40) Control 
group (n = 40) 
The study was envisaged to evaluate 
the effect of RFR on the DNA damage 
and antioxidant status in cultured 
human peripheral blood lymphocytes 
of individuals residing in the vicinity 
of mobile phone base stations and 
comparing it with healthy controls. 

Effects found: 
-higher frequency of micronuclei 
-decreased antioxidants 

The analyses of data from the exposed 
group residing within a perimeter of 
80 m of mobile base stations, showed 
significantly higher frequency of 
micronuclei when compared to the 
control group, residing 300 m away 
from themobile base station. The 
analysis of various antioxidants in the 
plasma of exposed individuals 
revealed a significant attrition in 
glutathione concentration, activities of 
catalase and superoxide dismutase and 
rise in lipid peroxidation when 
compared to controls. Multiple linear 
regression analyses revealed a 
significant association among 
decreased antioxidants and elevated 
miconuclei frequency with increasing 
RF power density. The persistence of 
DNA unrepaired damage leads to 
genomic instability which may lead to 
several health disorders including the 
induction of cancer. 

34 
Y 
RS 

Meo et al. (2019) 
Saudi Arabia 

Two different 
schools both 
situated nearby 
base station 
antennas (925 
MHz) 

Cognitive function, motor screening 
task and spatial working memory 
were tested, and also RF 
measurements were made. 

There was a statistically significant 
impairment in the motor screening task 
and spatial working memory among 
students who were exposed to high RF 
generated by base station antennas 
(School 2: 10.021 μW/cm2) compared 
to students who were exposed to lower 
levels of RF (School 1: 2.010 μW/cm2). 

High exposure to RF-EMF produced by 
base station antennas is associated 
with a decrease in fine and gross motor 
skills and spatial working memory and 
attention in school adolescents 
compared to students who had been 
exposed to low RF-EMF. 

(continued on next page) 
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4.1. Investigations with radar and radio/television antennas 

In studies carried out in the last century, occupational exposure of 
people to microwave radiation (RF) related to military, industrial and 
radio uses, as well as radio waves, showed several types of effects: an 
increase in spontaneous abortions, changes in red and white blood cell 
counts and an increase in childhood, testicular and other cancers. These 
findings suggest that RF exposures are potentially carcinogenic and have 
other health effects; the author recommends precautionary measures to 
avoid unnecessary exposure (Goldsmith, 1997). An analysis of particular 
locations of diagnosed neoplasms indicates significantly higher 
morbidity rates in the military exposed to RF for alimentary tract can-
cers, skin tumours, neoplasms and cerebral and haematological/lym-
phatic malignancies. For haematological/lymphatic malignancies, the 
difference in morbidity between exposed and unexposed military was 
the largest. This may suggest that spontaneous neoplasms develop faster 
in the exposed group, with a shorter latency period than in those not 
exposed. In fact, in exposed subjects, the disease occurs 5–10 years 
earlier (Szmigielski et al., 2001). On the other hand, children exposed to 
radar electromagnetic radiation had less developed memory and atten-
tion, their reaction time was slower and their neuromuscular apparatus 
endurance was decreased (Kolodynski and Kolodynska, 1996). 

In several studies performed around radio and television antennas, 
there was a significant decrease in the risk of cancer and leukaemia with 
increasing distance to the antennas (Maskarinec et al., 1994; Dolk et al., 
1997a, 1997b; Hocking and Gordon, 2000; Michelozzi et al., 2002; Park 
et al., 2004). People exposed to a radio antenna shortwave broadcasting 
station in Schwarzenburg (Switzerland) had sleep disturbances, which 
were more frequent in exposed than in unexposed subjects (Altpeter 
et al., 2000). 

Thus, the coincidences of similar effects from studies with different 
sources of electromagnetic radiation (but with similar pulsed, polarized 
and modulated radiation), such as radar or radio/television antennas, 
reinforce the conclusions of this review. Non-ionizing EMF are among 
the fastest growing forms of environmental pollution, its increase 
around the world in recent years has been exponential (Bandara and 
Carpenter, 2018) and symptoms reported today may be classic micro-
wave/RF sickness (Levitt and Lai, 2010). 

4.2. RF exposure incidents among diplomats (Havanna syndrome) 

From late 2016 through August 2017, US government personnel on a 
diplomatic mission in Havana, Cuba, reported neurological symptoms, 
including cognitive, balance, visual and hearing disturbances, sleep 

Table 1 (continued ) 

N◦ Reference and 
country 

Antenna type Study design Diseases and symptoms found/not 
found 

Main conclusions 

35 
Y 
RS 

Ali et al. (2021) 
Iraq 

Base station 
antennas 
(900–1800 MHz) 

Questionnaire survey comparing two 
groups. The first group (n = 79) was 
located in a town with three cell 
phone towers with less than a 
hundred meters apart. The second 
study group (n = 79) was limited to 
the area almost empty from cell 
phone towers. Electric field 
measurements were made. 

There was a significant association 
between health problems (skin 
problem, hair loss issues, sleeping 
difficulties, and fertility issues) and 
distance to towers (less distance, more 
problems: P-value < 0.05). In regards to 
health problems (abnormalities, blood 
pressure issues, tumours cases, and 
memory and concentration difficulties), 
the obtained results were not 
statistically significant. 

The results showed an increase in both 
short- and long-term health problems 
near base stations antennas in general. 

36 
Y 
RS 
C 

López et al., 2021 
Spain 

9 Base station 
antennas 

Questionnaire survey on 268 persons, 
174 in exposed área and 94 in control 
área, and EMF measurements 

Effects found on -headache 
-dizziness 
-instability 
-tachycardias 
-nightmares 
No effects found on: 
-fainting 

People who are exposed to higher 
radiation values present more severe 
headaches, dizziness and nightmares. 
5.6% cancer cases in the study 
population, a percentage 10 times 
higher tan that of the total Spanish 
population. 

37 
N 
RS 

Martin et al. 
(2021) 
France 

Base station 
antennas 

Questionnaire survey in 354 residents 
from buildings located at a distance of 
250 m or less from the base station 
antennas in the main transmit beam 
of the antennas and home exposure 
measurements 

No significant association between RF- 
EMF exposure and the overall 
symptoms score, nor between RF-EMF 
exposure from MPBSs and insomnia- 
like symptoms. There was a significant 
association between RF-EMF exposure 
and insomnia-like symptoms only for 
participants who attributed their 
symptoms to radiofrequencies. 

The findings of the study do not 
support the hypothesis of an 
association between RF-EMF exposure 
and health outcomes, such as self- 
reported non-specific or insomnia-like 
symptoms in the general population. 
However, they may suggest a possible 
association between such exposure 
and insomnia-like symptoms among 
people reporting environmental 
concerns. 

38 
Y 
C 

Rodrigues et al. 
(2021) 
Brazil 

Base station 
antennas 

This is an ecological study using 
capitals as the unit of analysis. The 
authors collected information on the 
number of deaths by cancer, gender, 
age group, gross domestic product per 
capita, death year, and the amount of 
exposure over a lifetime and 
investigated all cancer types and 
some specific types (breast, cervix, 
lung, and esophagus cancers). 

For all cancers and for the specific types 
investigated (breast, cervix, lung, and 
esophagus cancers), the higher the 
exposure to RBS radiofrequency, the 
higher the median of mortality rate. 

The results indicates that the exposure 
to radiofrequency electromagnetic 
fields from an RBS increases the rate of 
mortality by all cancers and 
specifically by breast, cervix, lung, and 
esophageal cancers. These conclusions 
are based on the fact that the findings 
of the study indicate that, the higher 
the RBS radiofrequency exposure, the 
higher the cancer mortality rate, 
especially for cervix cancer. The 
spatial analysis showed that the 
highest radiofrequency exposure was 
observed in a city located in the 
southern region of Brazil, which also 
showed the highest mortality rate for 
all types of cancer and specifically for 
lung and breast cancers.  
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disturbances and headaches. These individuals appeared to have sus-
tained injuries to generalized brain networks with no associated history 
of head trauma (Swanson et al., 2018). They complained of cognitive 
decline, fatigue and headache, especially after cognitive exertion, and in 
some cases tinnitus, nausea and balance problems (Dyer, 2018). This 
mysterious disease that affected US and Canadian diplomats in Cuba 
(and later also in China) has confused the FBI, the State Department and 
US intelligence agencies. 

The reported facts seem consistent with pulsed RF/microwave as the 
source of injuries to the affected diplomats (Golomb, 2018). The same 
conclusion was later reached by the National Academy of National 
Academies of Sciences (2020), who reported that many of the chronic or 
non-specific symptoms were consistent with known effects of RF, such as 
dizziness, headache, fatigue, nausea, anxiety, cognitive deficits and 
memory loss. In general, directed pulsed RF energy appears to be the 
most plausible mechanism to explain these cases. Such symptoms had 
already been described much earlier at the Moscow embassy (Lilienfeld 
et al., 1978; Johnson Lyakouris, 1998). 

There are objective pathophysiological changes and health effects 
induced by EMF exposure that can biologically damage the organism 
and are noxious agents in healthy people (Belpomme and Irigaray, 
2022). 

4.3. Important laboratory studies 

The United States National Toxicology Program (NTP) tested the two 
main modulation types used for mobile phones worldwide for GSM (2G) 
and UMTS (3G/4G), in a two-year rodent cancer bioassay under near- 
field exposure conditions; the experiments included additional assays 
for genotoxicity endpoints (Smith-Roe et al., 2020). They found clear 
evidence of carcinogenic activity, and more specifically malignant 
schwannomas of the heart, malignant gliomas of the brain and benign, 
malignant or complex pheochromocytomas (combined) of the adrenal 
medulla. They also found increased DNA damage (measured by the 
comet assay) in the frontal cortex of male mice, in the leukocytes of 
female mice and in the hippocampus of male rats, indicating that mobile 
phone EMF could cause DNA damage and consequent carcinogenesis. In 
a similar large carcinogenicity study by the Ramazzini Institute, Falcioni 
et al. (2018) examined far-field exposure to GSM 1800 MHz EMF and 
reported very similar results to the NTP study. Specifically, they also 
found increased incidence of tumours of the brain and heart in the 

mobile phone EMF-exposed Sprague-Dawley rats. Furthermore, these 
tumours are of the same histotype as those observed in some epidemi-
ological studies on mobile phone users (Hardell et al., 2007). 

Kostoff et al. (2020) emphasizes that most of the laboratory experi-
ments conducted to date were not designed to identify the more severe 
adverse effects reflective of the real-life operating environment in which 
wireless radiation systems operate, as many experiments do not include 
pulsing and modulation of the carrier signal and the majority do not 
account for synergistic adverse effects of other toxic stimuli. 

4.4. Importance of studies with biological parameters and those 
performed on animals and plants 

Despite the scientific evidence shown in the studies carried out in 
many countries by different teams of researchers that we have reviewed, 
several studies conclude that no effects are found and blame it on risk 
perception and the nocebo effect (Wiedemann et al., 2006; Kowall et al., 
2012; Freudenstein et al., 2015; Dieudonné, 2016; Klaps et al., 2016; 
Koh et al., 2020). However, the nocebo effect is not supported by 
objective data (Belpomme and Irigaray, 2022), by the results of cancer 
studies (Eger et al., 2004; Wolf and Wolf, 2004; Dode et al., 2011; Li 
et al., 2012; Rodrigues et al., 2021), by studies on changes in haema-
tological parameters (Gandhi et al., 2015; Meo et al., 2015; Taheri et al., 
2017; Zothansiama et al., 2017), by hormonal changes after long-term 
exposure (Eskander et al., 2012), by salivary secretion (Singh et al., 
2016) and by effects on fertility (Al-Quzwini et al., 2016). Many reviews 
on the health effects of mobile phones have reached the same conclu-
sions regarding their effects on male infertility (El-Hamd and Aboelda-
hab, 2018). Unfortunately, the studies that allude to the nocebo effect 
seem to be the ones taken into account by the World Health Organiza-
tion (World Health Organization, 2015). 

On the other hand, studies performed on animals or trees near base 
station antennas are especially important, because animals and plants 
cannot be aware of their proximity and therefore nocebo or psychoso-
matic effects cannot be attributed (Balmori, 2005, 2010; Balmori and 
Hallberg, 2007; Hässig et al., 2012; Lázaro et al., 2016; Waldmann--
Selsam et al., 2016; Levitt et al., 2021). In fact, a similar result of this 
study for humans was found in a review on the significant ecological 
effects of RF EMF in 65% of the studies on vertebrates, birds and plants 
(Cucurachi et al., 2013). 

Moreover, for these effects, perfectly plausible mechanisms of action 

Fig. 1. Results on effects according to the study type considered.  
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have already been proposed. Plasma membrane calcium channels and 
other voltage-gated ion channels are irregularly activated/inactivated 
by man-made EMF in both animals and plants, increasing intracellular 
[Ca2+] and altering intracellular ion concentrations (Panagopoulos 
et al., 2002, 2021; Pall, 2016). 

Under the influence of non-thermal intensities of microwave radia-
tion, often there are important signals of some hazardous changes in cell 
metabolism. A significant increase of reactive oxygen species and ni-
trogen oxide generation in cells under non-thermal intensities has been 
detected both in vivo and in vitro (Yakymenko et al., 2011; Belpomme 
and Irigaray, 2022). Thus, the different findings clearly argue for a 
causal role of EMF in inducing free radical species, including over-
production of reactive oxygen and nitrogen species or suppression of 
antioxidant defence in cells (Belpomme and Irigaray, 2022). Further-
more, this exposure can result in DNA damage through oxidative stress 
with reactive oxygen species/free radical overproduction (Yakymenko 
et al., 2011; Kıvrak et al., 2017; Panagopoulos et al., 2021). 

5. The Precautionary Principle 

The International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) is a private organization that issues exposure guidelines that 
are then adopted by governments, but it has been accused of having 
conflicts of interest (Hardell and Carlberg, 2020; Hardell et al., 2021). 
The ICNIRP (2010, 2020) limits are thousands of times above the levels 
where effects are recorded for both extremely low frequency and RF 
man-made EMF and account only for thermal effects, whereas the vast 
majority of recorded effects are non-thermal. These existing guidelines 
for public health protection only consider the effects of acute intense 
(thermal) exposures and do not protect from lower level long-term ex-
posures (Israel et al., 2011; Yakymenko et al., 2011; Blank et al., 2015; 
Starkey, 2016; Belpomme and Irigaray, 2022). The exposure duration is 
crucial to assess the induced effects. 

The Precautionary Principle is one of the fundamental principles of 
the European Union, governing policies related to the environment, 
health and food safety (Harremoes et al., 2013). This principle enables 
decision-makers to adopt precautionary measures when the scientific 
evidence regarding an environmental or human health factor is not 
certain regarding its safety. Therefore, despite the existing ample and 
rapidly increasing scientific evidence, no significant progress has been 
made over all these years, at least at the level of guidelines issued by the 
responsible authorities and official regulatory bodies. Some authors 
have pointed out that the source of funding correlates with study find-
ings, and many systematic reviews and meta-analyses in this field have 
failed to correct for this source of funding bias, which has likely 
underestimated the evidence for causation (Carpenter, 2019). A growing 
number of scientists have been calling internationally on governments 
to raise their safety standards for RF-EMF (Blank et al., 2015; Hardell 
and Nyberg, 2020; Frank, 2021). Thus, there is an urgent need to adopt 
the Precautionary Principle and impose more restrictive levels (Zinelis, 
2010; Yakymenko et al., 2011; Blank et al., 2015; Starkey, 2016). 

6. Conclusion 

In the current circumstances, it seems that the scientific experts in 
the field are very clear about the serious problems we are facing and 
have expressed this through important appeals (Blank et al., 2015; 
Hardell and Nyberg, 2020). However, the media, the responsible orga-
nizations (World Health Organization, 2015) and the governments are 
not transmitting this crucial information to the population, who remain 
uninformed. For these reasons, the current situation will probably end in 
a crisis not only for health but also for this technology itself, as it is 
unsustainable and harmful to the environment and the people. 
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A B S T R A C T

This article identifies adverse effects of non-ionizing non-visible radiation (hereafter called wireless radiation)
reported in the premier biomedical literature. It emphasizes that most of the laboratory experiments conducted
to date are not designed to identify the more severe adverse effects reflective of the real-life operating en-
vironment in which wireless radiation systems operate. Many experiments do not include pulsing and mod-
ulation of the carrier signal. The vast majority do not account for synergistic adverse effects of other toxic stimuli
(such as chemical and biological) acting in concert with the wireless radiation. This article also presents evidence
that the nascent 5G mobile networking technology will affect not only the skin and eyes, as commonly believed,
but will have adverse systemic effects as well.

1. Introduction

Wireless communications have been expanding globally at an

exponential rate. The latest imbedded version of mobile networking
technology is called 4G (fourth generation), and the next version (called
5G- fifth generation) is in the early implementation stage. Neither 4G
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Abstract — Various responses to non-thermal microwaves 

(MW) from mobile communication including adverse health 
effects related to electrohypersensitivity, cancer risks, 
neurological effects, and reproductive impacts have been 
reported while some studies reported no such effects. This 
presentation provides an overview of the complex dependence of 
the MW effects on various physical and biological variables, 
which account for, at least partially, an apparent inconsistence in 
the published data. Among other variables, dependencies on 
carrier frequency, polarization, modulation, intermittence, 
electromagnetic stray fields, genotype, physiological traits, and 
cell density during exposure were reported. Nowadays, biological 
and health effects of 5G communication, which will use 
microwaves of extremely high frequencies (millimeter waves 
MMW, wavelength 1- 10 mm), are of significant public concern. 
It follows from available studies that MMW, under specific 
conditions of exposure at very low intensities below the ICNIRP 
guidelines, can affect biological systems and human health. Both 
positive and negative effects were observed in dependence on 
exposure parameters. In particular, MMW inhibited repair of 
DNA damage induced by ionizing radiation at specific 
frequencies and polarizations. To what extend the 5G technology 
and the Internet of Things will affect the biota and human health 
is definitely not known. However, based on possible fundamental 
role of MMW in regulation of homeostasis and almost complete 
absence of MMW in atmosphere due to effective absorption, 
which suggests the lack of adaptation to this type of radiation, 
the health effects of chronic MMW exposures may be more 
significant than for any other frequency range.  

 
Keywords — Thermal and non-thermal effects of microwaves, 

Millimeter waves, 5G mobile communication, Health risks, 
Cancer, Physical mechanisms. 

I. THERMAL VERSUS NON-THERMAL MICROWAVE EFFECTS, 
THEIR MAIN REGULARITIES 

Exposures to microwaves (MW, 300 MHz-300 GHz) vary 
in many parameters: incident power density (PD), specific 
absorption rate (SAR), frequency/wavelength, polarization 
(linear, ellipsoidal, circular, unpolarized), continuous wave 
(CW) and pulsed fields, modulation (amplitude, frequency, 
phase, complex), far field/near field, static magnetic field 
(SMF) and stray electromagnetic fields (EMF) of extremely 
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low frequency (ELF, 3-300 Hz) at the location of exposure, 
overall duration and intermittence of exposure (interrupted, 
continuous), short-term acute and prolonged chronic 
exposures.  With increased SAR, so-called thermal effects of 
MW are usually observed that result in significant MW-
induced heating.  SAR is a main determinate of thermal MW 
effects. The SAR based safety limits, which intend to protect 
from the thermal MW effects, were developed based on 
computer simulation of the MW energy absorption in 
standardized male phantoms. Thus, they do not take into 
account individual variability in voxel SAR distribution, 
which may be observed in dependence on polarization, 
frequency, age, sex, and pregnancy status [1-8]. In addition, 
the mobile phone SAR values are usually obtained when the 
phone is positioned about 2 cm from the standard male 
phantom head, a condition, which is not usually maintained 
during mobile phone calls. Other aforementioned physical 
variables of MW exposure have been linked to occurrence of 
so-called non-thermal (NT) biological effects, which are 
induced by MW at intensities well below measurable heating 
[9-21] [22]. The classification of MW effects into thermal and 
non-thermal is not based on physics of interaction between 
MW and biological tissues but rather reflects experimental 
observation of heating induced by MW exposure, which at 
SAR levels higher than 2 W/kg may result in thermal injury.  
Of note, slight temperature increase is also observed in the 
head tissues during exposure to mobile handset radiation, but 
this increase is too weak to produce thermal injury [23] and 
even to be sensed by the exposed subjects [24] while some 
mobile phone users reported sensation of warmth around the 
ear [25]. 

Vilenskaya and co-authors [26] and Devyatkov [27] have 
reported  pioneering data on the NT effects of millimeter 
waves (MMW, 30-300 GHz, wavelength 1-10 mm in vacuum, 
to be used in 5G mobile communication) upon exposure of 
various biological objects. Webb was the first to establish the 
highly resonant effects of ultra-weak MMW on the induction 
of λ-phage in lysogenic bacterial E. coli cells [28]. These 
findings were subsequently corroborated by independent 
research groups [29, 30].  In these and subsequent studies the 
observed spectra of MMW action were found to have the 
following regularities: (1) strong dependence on frequency 
(frequency windows of resonance type), (2) there was a 
specific PD threshold below which no effect was observed, 
and above which the effects of exposure depended only 
weakly on power over several orders of magnitude (so-called 
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A B S T R A C T   

The objective of this work was to perform a complete review of the existing scientific literature to update the 
knowledge on the effects of base station antennas on humans. Studies performed in real urban conditions, with 
mobile phone base stations situated close to apartments, were selected. Overall results of this review show three 
types of effects by base station antennas on the health of people: radiofrequency sickness (RS), cancer (C) and 
changes in biochemical parameters (CBP). Considering all the studies reviewed globally (n = 38), 73.6% (28/38) 
showed effects: 73.9% (17/23) for radiofrequency sickness, 76.9% (10/13) for cancer and 75.0% (6/8) for 
changes in biochemical parameters. Furthermore, studies that did not meet the strict conditions to be included in 
this review provided important supplementary evidence. The existence of similar effects from studies by different 
sources (but with RF of similar characteristics), such as radar, radio and television antennas, wireless smart 
meters and laboratory studies, reinforce the conclusions of this review. Of special importance are the studies 
performed on animals or trees near base station antennas that cannot be aware of their proximity and to which 
psychosomatic effects can never be attributed.   

1. Introduction 

During the last few decades, hundreds of thousands of mobile phone 
base stations and other types of wireless communications antennas have 
been installed around the world, in cities and in nature, including pro-
tected natural areas, in addition to pre-existing antennas (television, 
radio broadcasting, radar, etc.). Only the aesthetic aspects or urban 
regulations have been generally considered in this deployment, while 
the biological, environmental and health impacts of the associated non- 
ionizing electromagnetic radiation emissions have not been assessed so 
far. Therefore, the effects on humans living around these anthropogenic 
electromagnetic field sources (antennas) have not been considered. 

In France, there is a significant contribution of mobile phone base 
stations in the exposure to radiofrequency electromagnetic fields (RF- 
EMF) of urban citizens living nearby (De Giudici et al., 2021). Some 
studies from India indicate that more than 15% of people have levels of 
EMF strength above 12 V/m due to their proximity to antennas (Premlal 
and Eldhose, 2017). Exposure estimates have shown that RF-EMF from 
mobile telephone systems is stronger in urban than in rural areas. For 
instance, in Sweden the levels of RF radiation have increased consid-
erably in recent years, both outdoor and indoor, due to new 

telecommunication technologies, and the median power density 
measured for RF fields between 30 MHz and 3 GHz was 16 μW/m2 in 
rural areas, 270 μW/m2 in urban areas and 2400 μW/m2 in city areas 
(Hardell et al., 2018). Total exposure varies not only between urban and 
rural areas but also, depending on residential characteristics, between 
different floors of a building, with a tendency for building exposure to 
increase at higher floors (Breckenkamp et al., 2012). 

Over the past five decades, and more intensively since the beginning 
of this century, many studies and several reviews have been published 
on the effects of anthropogenic electromagnetic radiation on humans 
living around the antennas. The first studies were carried out with radio 
and television antennas, investigating increases in cancer and leukaemia 
(Milham, 1988; Maskarinec et al., 1994; Hocking et al., 1996; Dolk et al., 
1997a, 1997b; Michelozzi et al., 1998; Altpeter et al., 2000), as well as 
around radars (Kolodynski and Kolodynska, 1996; Goldsmith, 1997). 

Regarding base station antennas, there are scientific discrepancies in 
their effects: some studies concluded that there are no health-related 
effects (e.g. Augner and Hacker, 2009; Blettner et al., 2009; Röösli 
et al., 2010; Baliatsas et al., 2016) whereas others found increases in 
cancer and other health problems in humans living around antennas (e. 
g. Santini et al., 2002; Navarro et al., 2003; Bortkiewicz et al., 2004; 
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Abstract: Background: this study aims to estimate the rate of death by cancer as a result of Radio Base
Station (RBS) radiofrequency exposure, especially for breast, cervix, lung, and esophagus cancers.
Methods: we collected information on the number of deaths by cancer, gender, age group, gross
domestic product per capita, death year, and the amount of exposure over a lifetime. We investigated
all cancer types and some specific types (breast, cervix, lung, and esophagus cancers). Results: in cap-
itals where RBS radiofrequency exposure was higher than 2000/antennas-year, the average mortality
rate was 112/100,000 for all cancers. The adjusted analysis showed that, the higher the exposure to
RBS radiofrequency, the higher cancer mortality was. The highest adjusted risk was observed for
cervix cancer (rate ratio = 2.18). The spatial analysis showed that the highest RBS radiofrequency
exposure was observed in a city in southern Brazil that also showed the highest mortality rate for all
types of cancer and specifically for lung and breast cancer. Conclusion: the balance of our results
indicates that exposure to radiofrequency electromagnetic fields from RBS increases the rate of death
for all types of cancer.

Keywords: cancer; mortality; electromagnetic fields; breast neoplasms; lung neoplasms; esophageal
neoplasms; uterine cervical neoplasms

1. Background

Mobile phones have become extremely common in modern times. Wireless technology
has a large number of Radio Base Stations (RBSs), which transmit information through
radiofrequency signals. In 2006, there were already more than 1.4 million RBSs in the
world [1]. In the Brazilian capitals, RBSs were implemented in 1992 in Brasília (the capital
of Brazil), and in 2017, there were 27,145 RBSs indexed in the capitals [2].

The effect of electromagnetic fields emanating from RBS on health is not very well
known. The World Health Organization (WHO) reported, in 2006, that scientific knowledge
indicates that RBS radiofrequency exposure is within the international standards and,
therefore, does not pose a risk to human health [1]. However, in 2014, the WHO recognized
the need to promote research to investigate the effect of the radiofrequency field on human

Int. J. Environ. Res. Public Health 2021, 18, 1229. https://doi.org/10.3390/ijerph18031229 https://www.mdpi.com/journal/ijerph

https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0002-2613-5283
https://orcid.org/0000-0002-4285-5926
https://doi.org/10.3390/ijerph18031229
https://doi.org/10.3390/ijerph18031229
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph18031229
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/1660-4601/18/3/1229?type=check_update&version=2


Transcriptomic and Long-Term Behavioral Deficits Associated with
Developmental 3.5 GHz Radiofrequency Radiation Exposures in
Zebrafish
Subham Dasgupta, Connor Leong, Michael T. Simonich, Lisa Truong, Huaping Liu,
and Robyn L. Tanguay*

Cite This: Environ. Sci. Technol. Lett. 2022, 9, 327−332 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: The rapid deployment of the fifth-generation (5G) spectrum by the telecommunication industry is intended to
promote better connectivity and data integration among various industries. However, concerns among the public about the safety
and health effects of radiofrequency radiations (RFRs) emitted from the newer-generation cell phone frequencies remain, partly due
to the lack of robust scientific data. Previously, we used developmental zebrafish to model the bioactivity of 3.5 GHz RFR, a
frequency used by 5G-enabled cell phones, in a novel RFR exposure chamber. With RFR exposures from 6 h post-fertilization (hpf)
to 48 hpf, we observed that, despite no teratogenic effects, embryos showed subtle hypoactivity in a startle response behavior assay,
suggesting abnormal sensorimotor behavior. This study builds upon the previous one by investigating the transcriptomic basis of
RFR-associated behavior effects and their persistence into adulthood. Using mRNA sequencing, we found a modest transcriptomic
disruption at 48 hpf, with 28 differentially expressed genes. KEGG pathway analysis showed that biochemical pathways related to
metabolism were significantly perturbed. Embryos were grown to adulthood, and then a battery of behavioral assays suggested subtle
but significant abnormal responses in RFR-exposed fish across the different assays evaluated that suggest potential long-term
behavioral effects. Overall, our study suggests the impacts of RFRs on the developing brain, behavior, and the metabolome should be
further explored.

■ INTRODUCTION

The gradual rollout of fifth-generation (5G) frequencies has
spurred increased scrutiny of their potential health effects over
the past several years. Radiofrequency radiations (RFRs)
emitted from these signals are non-ionizing, but skepticism
about their safety remains, partly due to the lack of robust
scientific data. This knowledge gap has contributed to valid
public concerns about fully understanding 5G cell signal safety
but has also been misappropriated to fuel baseless and
dangerous conspiracy theories; e.g., a fabricated causal link
between 5G and COVID-19 occurrence has led to violence
against telecommunication engineers in Britain.1,2 Our hope is
that robust studies of the health effects of 5G RFRs will
provide scientific facts to dampen the unscientific noise.

Several studies, including a recent one conducted by the
National Institute of Health National Toxicology Program,
have addressed specific health effects of pre-5G RFR
frequencies and have shown that exposure to these frequencies
can lead to oxidative stress, neurological outcomes, and, in rare
cases, carcinogenesis.3−6 5G frequencies penetrate less through
the skin and, therefore, should be less capable of impacting
biology than lower-frequency (pre-5G) RFR. Because higher-
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A B S T R A C T   

This study aimed to elucidate the effects and biological targets sensitive to simultaneous 1.5 and 4.3 GHz mi-
crowave exposure in rats. A total of 120 male Wistar rats were divided randomly into four groups: the sham (S 
group), 1.5 GHz microwave exposure (L group), 4.3 GHz microwave exposure (C group) and simultaneous 1.5 
and 4.3 GHz microwave exposure (LC group) groups. Spatial learning and memory, cortical electrical activity, 
and hippocampal ultrastructure were assessed by the Morris Water Maze, electroencephalography, and trans-
mission electron microscopy, respectively. Additionally, serum exosomes were isolated by ultracentrifugation 
and assessed by Western blotting, nanoparticle tracking and transmission electron microscopy. The serum 
exosome protein content was assessed by label-free quantitative proteomics. Impaired spatial learning and 
memory decreased cortical excitability, and damage to the hippocampal ultrastructure were observed in groups 
exposed to microwaves, especially the L and LC groups. A total of 54, 145 and 296 exosomal proteins were 
differentially expressed between the S group and the L, C and LC groups, respectively. These differentially 
expressed proteins were involved in the synaptic vesicle cycle and SNARE interactions during vesicular transport. 
Additionally, VAMP8, Syn7 and VMAT are potential serum markers of simultaneous microwave exposure. Thus, 
exposure to 1.5 and 4.3 GHz microwaves induced impairments in spatial learning and memory, and simultaneous 
microwave exposure had the most severe effects.   

1. Introduction 

With the rapid development of communication networks, scientists 
have begun to examine the health hazards of increasing use of micro-
wave communication equipment (Hardell and Nyberg, 2020; Liu et al., 
2021). According to the literature, the central nervous system (CNS) is 
one of the most vulnerable systems to microwave exposure (Chauhan 
et al., 2017; Kesari et al., 2013; Maaroufi et al., 2014; Narayanan et al., 
2018; Suhhova et al., 2013). In addition, studies have examined the 
effects of single-frequency microwave exposure, indicating that the de-
gree of harm was largely related to microwave frequency (Fragopoulou 
et al., 2018; Zhang et al., 2017). However, although multiple microwave 
frequencies are used in daily life, few studies have evaluated the effects 
of simultaneous exposure to multiple frequencies of microwaves. 

Learning and memory, two of the most important brain functions, as 
well as their associated brain region (the hippocampus) (Zola-Morgan 

and Squire, 1993) are of particular interest and have attracted sub-
stantial attention in studies of the effects of microwave exposure. 
Chauhan’s team found damaged cortical and hippocampal pyramidal 
neurons in the brains of rats exposed to 2.45 GHz microwave radiation 
for 2 h/d at 0.2 mW/cm2 over 35 d (Chauhan et al., 2017). Li et al. 
(2015) reported impaired performance on the Morris Water Maze 
(MWM) in rats exposed to 2.856 GHz microwave radiation for 6 weeks at 
different intensities administered three times a week for 6 min each (Li 
et al., 2015). Nayaranan et al. found that rats exposed to 900 MHz mi-
crowave radiation for 1 h/day over 28 d showed impaired performance 
in the MWM as well as structural damage to hippocampal neurons 
(Narayanan et al., 2015). 

However, previous studies have mainly focused on changes in neu-
rons, synaptic plasticity, and related receptors (Wang et al., 2017a; Zhao 
et al., 2012). Recent studies have shown that interneuronal communi-
cation (consisting of neurons and other cells in the brain, especially glial 
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Abstract: With the rapidly increasing application of microwave technologies, the anxiety and specula-
tion about microwave induced potential health hazards has been attracting more and more attention.
In our daily life, people are exposed to complex environments with multi-frequency microwaves,
especially L band and C band microwaves, which are commonly used in communications. In this
study, we exposed rats to 1.5 GHz (L10), 4.3 GHz (C10) or multi-frequency (LC10) microwaves at
an average power density of 10 mW/cm2. Both single and multi-frequency microwaves induced
slight pathological changes in the thymus and spleen. Additionally, the white blood cells (WBCs) and
lymphocytes in peripheral blood were decreased at 6 h and 7 d after exposure, suggesting immune
suppressive responses were induced. Among lymphocytes, the B lymphocytes were increased while
the T lymphocytes were decreased at 7 d after exposure in the C10 and LC10 groups, but not in the
L10 group. Moreover, multi-frequency microwaves regulated the B and T lymphocytes more strongly
than the C band microwave. The results of transcriptomics and proteomics showed that both single
and multi-frequency microwaves regulated numerous genes associated with immune regulation and
cellular metabolism in peripheral blood and in the spleen. However, multi-frequency microwaves
altered the expression of many more genes and proteins. Moreover, multi-frequency microwaves
down-regulated T lymphocytes’ development, differentiation and activation-associated genes, while
they up-regulated B lymphocytes’ activation-related genes. In conclusion, multi-frequency mi-
crowaves of 1.5 GHz and 4.3 GHz produced immune suppressive responses via regulating immune
regulation and cellular metabolism-associated genes. Our findings provide meaningful information
for exploring potential mechanisms underlying multi-frequency induced immune suppression.

Keywords: microwave; radiation; immune response; transcriptomic; proteomic

1. Introduction

Microwave technology, non-ionizing electromagnetic radiation ranging from 300 MHz
to 300 GHz, has been widely used in various fields, such as mobile communication,
medicine, industrial synthesis and so on [1–4]. In addition, the anxiety and speculation
about the potential health hazards caused by microwaves have been growing in recent
years [5,6]. In the past decades, most of the researchers aimed to uncover the biological
effects caused by microwaves with a single frequency at indicated power density [7,8]. Our
group has previously reported that S band microwaves, ranging from 2 GHz to 4 GHz,
could cause significant injuries on several organs and tissues, including the nervous system,
cardiovascular system, reproductive system and immune system [9–12]. Moreover, the
potential underlying mechanisms were explored [7,13,14]. However, people are always
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Problems in evaluating the health impacts of radio frequency radiation 

Paul Ben Ishai a,*, Devra Davis b,c, Hugh Taylor d, Linda Birnbaum e,1 

a Department of Physics, Ariel University, Ariel, 4070000, Israel 
b Environmental Health Trust, Washington, DC, 20002, USA 
c School of Medicine,Ondokuz-Mayis University, Samsun, Turkey 
d Yale School of Medicine, New Haven, CT, 05620, USA 
e National Institute of Environmental Health Sciences and National Toxicology Program, Durham, NC, 27709, USA   

A R T I C L E  I N F O   

Keywords: 
Mobile communications 
Electromagnetic radiation exposure 
Precautionary principle 
NTP 
EHS 
Non-thermal effects 
FCC 
ICNIRP 

A B S T R A C T   

In an effort to clarify the nature of causal evidence regarding the potential impacts of RFR on biological systems, 
this paper relies on a well-established framework for considering causation expanded from that of Bradford Hill, 
that combines experimental and epidemiological evidence on carcinogenesis of RFR. The Precautionary Prin-
ciple, while not perfect, has been the effective lodestone for establishing public policy to guard the safety of the 
general public from potentially harmful materials, practices or technologies. Yet, when considering the exposure 
of the public to anthropogenic electromagnetic fields, especially those arising from mobile communications and 
their infrastructure, it seems to be ignored. The current exposure standards recommended by the Federal 
Communications Commission (FCC) and International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) consider only thermal effects (tissue heating) as potentially harmful. However, there is mounting ev-
idence of non-thermal effects of exposure to electromagnetic radiation in biological systems and human pop-
ulations. We review the latest literature on in vitro and in vivo studies, on clinical studies on electromagnetic 
hypersensitivity, as well as the epidemiological evidence for cancer due to the action of mobile based radiation 
exposure. We question whether the current regulatory atmosphere truly serves the public good when considered 
in terms of the Precautionary Principle and the principles for deducing causation established by Bradford Hill. 
We conclude that there is substantial scientific evidence that RFR causes cancer, endocrinological, neurological 
and other adverse health effects. In light of this evidence the primary mission of public bodies, such as the FCC to 
protect public health has not been fulfilled. Rather, we find that industry convenience is being prioritized and 
thereby subjecting the public to avoidable risks.   

1. Introduction 

The perennial question of the biological impacts of Radio Frequency 
Radiation (RFR) constitutes an especially challenging matter that has 
come to the fore recently, in part driven by public concerns over the 
introduction of 5G mobile communications. 5G Small Cell base stations 
are permitted to be sited as close as 3 m from the ground in proximity to 
homes, schools and offices in many locales in the US. In the U.S. alone, 
the industry estimates that up to one million new antennas will be 
required. 5G ranges broadly from 800 MHz to 100 GHz (Document). As 
Lin (2022a) has noted, for the higher mm-wave bands, wider spectrum is 
only accessible over short distances and will depend on the construction 
of numerous new cells in the dense urban environment. Despite Industry 

claims (5G, EMF Exposure and Safety, 2020), an increase in the number 
of transmitters is expected to lead to much higher levels of exposure for 
the general public (Blackman and Forge, 2019). This has provoked 
public concerns regarding the potential health impacts of RFR. 

For nearly a century, well-established controlled bioassay protocols 
have traditionally formed the foundation for predicting and setting 
limits for public health exposures to pharmaceuticals, pesticides, radi-
ation, and other agents. Yet as regarding the potential impacts of RFR, 
positive adverse experimental findings on RFR-induced carcinogenicity 
that have historically provided guidance for preventive policies, have 
been subjected to extraordinary and unprecedented attacks. The same 
can be said for studies of individuals exposed to RFR that solely confirm 
whether or not past harm has taken place. Research and training in this 
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Biological effects from exposure to
electromagnetic radiation emitted by cell tower
base stations and other antenna arrays

B. Blake Levitt and Henry Lai

Abstract: The siting of cellular phone base stations and other cellular infrastructure such as roof-mounted antenna arrays,
especially in residential neighborhoods, is a contentious subject in land-use regulation. Local resistance from nearby resi-
dents and landowners is often based on fears of adverse health effects despite reassurances from telecommunications serv-
ice providers that international exposure standards will be followed. Both anecdotal reports and some epidemiology studies
have found headaches, skin rashes, sleep disturbances, depression, decreased libido, increased rates of suicide, concentra-
tion problems, dizziness, memory changes, increased risk of cancer, tremors, and other neurophysiological effects in popu-
lations near base stations. The objective of this paper is to review the existing studies of people living or working near
cellular infrastructure and other pertinent studies that could apply to long-term, low-level radiofrequency radiation (RFR)
exposures. While specific epidemiological research in this area is sparse and contradictory, and such exposures are difficult
to quantify given the increasing background levels of RFR from myriad personal consumer products, some research does
exist to warrant caution in infrastructure siting. Further epidemiology research that takes total ambient RFR exposures into
consideration is warranted. Symptoms reported today may be classic microwave sickness, first described in 1978. Non-
ionizing electromagnetic fields are among the fastest growing forms of environmental pollution. Some extrapolations can
be made from research other than epidemiology regarding biological effects from exposures at levels far below current
exposure guidelines.

Key words: radiofrequency radiation (RFR), antenna arrays, cellular phone base stations, microwave sickness, nonionizing
electromagnetic fields, environmental pollution.

Résumé : La localisation des stations de base pour téléphones cellulaires et autres infrastructures cellulaires, comme les
installations d’antennes sur les toitures, surtout dans les quartiers résidentiels, constitue un sujet litigieux d’utilisation du
territoire. La résistance locale de la part des résidents et propriétaires fonciers limitrophes repose souvent sur les craintes
d’effets adverses pour la santé, en dépit des réassurances venant des fournisseurs de services de télécommunication, à
l’effet qu’ils appliquent les standards internationaux d’exposition. En plus de rapports anecdotiques, certaines études épidé-
miologiques font état de maux de tête, d’éruption cutanée, de perturbation du sommeil, de dépression, de diminution de li-
bido, d’augmentations du taux de suicide, de problèmes de concentration, de vertiges, d’altération de la mémoire,
d’augmentation du risque de cancers, de trémulations et autres effets neurophysiologiques, dans les populations vivant au
voisinage des stations de base. Les auteurs révisent ici les études existantes portant sur les gens, vivant ou travaillant près
d’infrastructures cellulaires ou autres études pertinentes qui pourraient s’appliquer aux expositions à long terme à la radia-
tion de radiofréquence de faible intensité « RFR ». Bien que la recherche épidémiologique spécifique dans ce domaine
soit rare et contradictoire, et que de telles expositions soient difficiles à quantifier compte tenu des degrés croissants du
bruit de fond des RFR provenant de produits de myriades de consommateurs personnels, il existe certaines recherches qui
justifient la prudence dans l’installation des infrastructures. Les futures études épidémiologiques sont nécessaires afin de
prendre en compte la totalité des expositions à la RFR ambiante. Les symptômes rapportés jusqu’ici pourraient correspon-
dre à la maladie classique des micro-ondes, décrite pour la première fois en 1978. Les champs électromagnétiques non-io-
nisants constituent les formes de pollution environnementale croissant le plus rapidement. On peut effectuer certaines
extrapolations à partir de recherches autres qu’épidémiologiques concernant les effets biologiques d’expositions à des de-
grés bien au-dessous des directives internationales.

Mots-clés : radiofréquence de faible intensité « RFR », les installations d’antennes, des stations de base pour téléphones
cellulaires, la maladie classique des micro-ondes, les champs électromagnétiques non-ionisants, pollution
environnementale.
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Introduction

The advent of fifth-generation (5G) wireless communication introduces new technology
utilizing near-millimeter radiofrequency waves [i.e., with a frequency of 30–300 GHz
(mmWaves)]. The long-term effects of these signals on humans and the environment are
unknown. Scientific literature reviews investigating biological harm from mmWave usage have
concluded . . . no in-depth conclusions can be drawn. . . [(1), p. 16] and no confirmed evidence [(2),
p. 601]. Unfortunately, these statements of scientific uncertainty have been used by industry and
government advisory bodies to reassure the public of the safety of the 5G rollout. However, the
assumption that 5G technologies are safe is not an evidence-based conclusion (3). Why this is
so cannot be easily understood from existing summaries or reviews (4). Therefore, this article
takes one step back from reviews to the original papers, so as to provide a visible overview
of the existing mmWave evidence base. It then examines how the science is being conducted
and communicated, finding errors in reasoning that cloud judgements and the subsequent
conclusions drawn from the existing research.

Mapping out the mmWave research landscape

Public policy regarding the safety of electromagnetic fields (EMF) is often formulated from
reviews rather than from individual papers, e.g., the recent SCHEER opinion (5). Literature
reviews give readers a narrow view of past research, with many papers ignored or removed at
the beginning of the review process. It is also possible that quality papers are being omitted in
this process (4). Thus, all relevant mmWave research literature is not yet fully transparent to the
readership in this field. To help the research community to formulate an initial overview opinion,
we have mapped out the broader landscape by making visible the range of biological and health
effect topics contained within the mmWave literature (see below). Then, within the main topics
investigated, we have made evident the number of studies showing effects vs. the number of
studies showing no effects “regardless of the study design, merit, flaws, experimental quality,
shortcomings, limitations, or methodological weaknesses” [(6), p. 2]. As such, this opinion piece
is not to be considered as a systematic review. However, the papers presented here [listed in
Supplementary Table 1 (all >6GHz experimental papers) and (epidemiological papers)] could be
used as the basis for future exploration utilizing a more formal systematic review approach.
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Database search for studies on mmWaves
and health

Literature reviews investigating EMF typically use several
existing information sources, such as PubMed, EMF-portal, and
the Institute of Electrical and Electronics Engineers (IEEE).
However, these databases cover a much broader range of topics
than the bioeffects of electromagnetic radiation, such as medical
procedures and accidents, computational models and non-
experimental theoretical discussions. To address the need for
a focused knowledge collection, the Oceania Radiofrequency
Scientific Advisory Association (ORSAA) (7) has developed the
ORSAA Database of EMF Bioeffects (ODEB) (8) containing
peer-reviewed studies investigating the biological and health
effects of electromagnetic fields on humans, animals and
the environment.

ODEB1 was first established using the entire research database
of the Australian Radiation Protection & Nuclear Safety Agency
(ARPANSA) and then expanded to incorporate all relevant papers
from PubMed and the EMF-portal. ODEB also includes military
studies from the 70’s, biophysics research from the 80’s onwards, and
all experimental and epidemiological research from both industry
and independent scientists since 2012. ODEB currently comprises
over 4,000 peer-reviewed publications and is being continually
updated. It is searchable in many different categories including
biological effect end-points, exposure parameters, study type etc.
When papers are added to the ODEB database, they are screened
for relevance. This description of the ODEB collection and its
sources has been provided to demonstrate that the database
is an adequate resource for the mmWave literature overview
described below.

Investigation limited to below-threshold,
mmWave papers

The experimental papers delivering mmWave exposures at or
below the ICNIRP limits test whether the current ICNIRP exposure
thresholds are adequate to guarantee safety for the public. A
literature search was thus performed by requesting from ODEB
all papers that used radiofrequencies > 6 GHz and exposure
intensities below the International Commission on Non-Ionizing
Radiation Protection (ICNIRP); i.e., the 4 W/kg whole-body Specific
Absorption Rate (SAR) limit and the 200 W m−2 local tissue
incident power density limit; [(9), p. 6–8]. The result was a
set of 295 papers containing all of the papers in the recent
Karipidis et al. mmWave review (10), plus an additional 79 more
experimental papers (nine non-English) and 19 more epidemiology
papers (five non-English). Given that this paper aims to map out
the entire landscape, inclusion of the 14 non-English papers is
appropriate.

Including all of these sources, the ODEB search produced
a current literature base for mmWave research comprising

1 ODEB is a free research tool Available at: https://a037613.fmphost.com/

fmi/webd/Research_Review_V4.

238 experimental papers and 57 epidemiology papers [see
Supplementary Table 1 (all >6GHz experimental papers) and
(epidem papers)]. This is a relatively small knowledge base,
given the many combinations of experimental parameters
requiring examination, such as frequency, modulation pattern,
intensity, exposure duration, and the numerous types of tissues,
cells, and biological functions. In comparison with the broader
radiofrequency literature, mmWave research constitutes <10% of
the knowledge base.

Main themes

As there are so few experimental studies on the bioeffects of
mmWaves, rigorous literature reviews at this point in time are
most likely destined to find no strong evidence. Instead, it is
instructive to map out the main biological and health categories
that have been investigated within the entire collection of studies,
for the reasons given above and to help identify focus areas for
future research.

Experimental papers emerging from the ODEB literature
search (previously described) were automatically classified into
their main biological and health categories. Within these, the
number of studies showing significant effects and the number
of studies showing no significant effects were tabled. Four
papers with uncertain effects [i.e., where outcomes were not
reported, or conclusions were qualified (8)] were excluded.
The results for the experimental studies are summarized in
Figure 1 below.

Figure 1 shows that the mmWave experimental studies cover a
wide range of bioeffects. Furthermore, for most of the categories
in Figure 1, from biochemical to behavior, a preliminary weight of
evidence is visible. Overall, this picture suggests that mmWaves
may affect many biological and health categories that warrant
further investigation. Several of these categories have potential
implications for public health, e.g., cellular oxidative stress, changes
in immune function, genotoxicity, brain/neuronal changes, and cell
membrane permeability. In particular, effects have been found in
all studies that have investigated oxidative stress [cellular stress
due to the over-production of reactive oxygen species and the
reduction of oxidative defenses (11)]. Oxidative stress underlies
many auto-immune and chronic conditions, such as diabetes,
cardiovascular disease, Alzheimer’s disease and depression, some
of which are becoming an increasing social and economic threat
worldwide (12).

The existing epidemiology papers [listed in
Supplementary Table 1 (epidem papers)] mainly focus on
the effects of occupational exposures, e.g., the occurrence
of lymphoma or the reduction of sperm count in radar
workers. Of these papers, the majority show effects from
mmWave exposures.

Countries involved in mmWave research

In order to understand where the mmWave research has
been performed, the country of origin was extracted from ODEB
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FIGURE 1

The main biological and health categories present in the mmWave experimental (i.e., in vitro and in vivo) literature base, and within each category, the

number of papers producing e�ects vs. the number of papers resulting in no significant e�ects. The total number of studies is greater than the total

number of papers because any given paper may have conducted more than one study and investigated more than one biological e�ect.

for all the papers included in this overview. Results showed
that a large proportion of the research has been carried out
in Russia (23%) and in the US (21%). Some countries have
conducted several studies, and these make up a further third

of the research: Italy (10%), France (6%), India (5%), Armenia
(5%), Japan (4%), and China (3%). Countries that have each
conducted only a few studies make up the remaining 23% of the
research base.

Frontiers in PublicHealth 03 frontiersin.org



McCredden et al. 10.3389/fpubh.2023.1058454

Discussion

An overall trend despite the limited number
of studies

Figure 1 shows that the relevant experimental research is
minimal, as has been acknowledged in reviews (1, 2, 13). It is thus
far too early for scientists to establish any definite theories because
the experimental work using mmWaves is limited, there are a large
number of end-points and processes to be considered, and for some
biological end-points, the evidence appears contradictory. However,
Figure 1 also reveals that the overall picture emerging from the
existing knowledge base suggests a range of biological effects, some
with strong evidence (>90% of studies), that may have potential
health implications.

From the existing research, we can draw two conclusions:

1. For scientists, the understanding of how mmWaves affect

biological systems is still in its early stages, thus there is an urgent
need for further focused research to be conducted;

2. For policy makers, there is enough smoke to suggest the risk of

fire, and therefore there is an urgent need for protective policy.

As Gee has pointed out (14), these two statements are not
contradictory. The amount of evidence available in any area of
science lies on a continuum from very weak (1–10%) to very strong
(90–100%). Scientists require strong evidence of causality before
laying down a new theory. In the case of the existing evidence for
harm from 5G, scientists rightfully maintain that there are no well-

understood causal links. However, government authorities tasked
with protecting the health of humans, animals or plants need only
moderate evidence as reasonable grounds for concern to enact the
Precautionary Principle [e.g., (15)]. With so few experimental studies,
but with an overall trend for biological effects, Figure 1 suggests that
the current situation is one of plausible risk.

While the field of mmWave research has a limited knowledge
base, there are early signs of evidence for bioeffects (as described
above) that have implications for health. It is interesting to compare
the interpretations of this state of affairs made by scientists
compared to global policy makers. The science regarding skin is still
insufficient to devise science-based exposure limits, says the scientist
Leszczynski and so precautionary measures should be considered

for the deployment of the 5G (13). In contrast, the industry-
linked ICNIRP and the European Union (16) have determined that
insuÿcient evidence provides reassurance of safety. No evidence of

harm has been misconstrued as evidence of no harm [(17), p. 690],
allowing the 5G rollout to proceed unfettered.

Standards compromised

When setting exposure limits, ICNIRP has not addressed the
early evidence of biological effects with the potential to cause harm
(18), as would be required by a risk management approach. ICNIRP
radiation protection philosophy is thus deficient and not in alignment
with that of the International Commission on Radiation Protection
(ICRP) (19). The ICRP has a clear philosophy of radiation protection
based on Justification, Optimization and Limitation.

Under the ICRP global radiation protection code of ethics, where
mass exposures of populations are occurring without permission,
even mild evidence of harm would be enough to advise governments
to give pause to the technology, to consider the potential risks, to
commit funds to further research and to enact strict precautions.

These precautions are not being implemented because the early
message of plausible risk is unfortunately not being heard, partly
due to poor reasoning and partly due to poor communication, as
described below.

Logical fallacies in the communication of
science

Along with assessing data quality, researchers can use the tools
of reason to assess the quality of statements made in papers. Logical
fallacies occur when various methods of argument are used to distort
the reasoning, either intentionally or not (20). The art of integrating
logical fallacies into communications has been used in the past by
selected scientists working for industry, in order to convince the
public and policy makers that their products do no harm, e.g., the
smoking lobby used such techniques for decades (21). We have found
that faulty reasoning has also been used to discuss mmWaves both
in the public domain and in the research literature (4). To bring
these issues to light and to invite discussion, some of the more
frequently used logical fallacies are named in the sections below.
These fallacies may not be intentional; e.g., they may be a result of
simplifying the message so that the public can digest it. However, it is
the responsibility of protection agencies, industry and researchers to
ensure that their communications are clear and that fallacies are not
inadvertently created when information is delivered to policy makers
and to the public.

Fallacies used in describing millimeter waves

When government agencies or researchers introduce 5G
technology as being based on mmWaves which are already in use
in airport security screening [e.g., (2, 22)], this can create a “Faulty
Analogy”. This type of fallacy occurs when two things are alike in
one or more ways, but then the incorrect assumption is made that
they are necessarily alike in other ways (23). In this case, airport
scanners and 5G technologies are similar in one way, in that they both
use mmWaves; however, this similarity can lead people to believe
that 5G technologies are also just as harmless as they believe airport
scanners to be. In reality, the two types of technology are dissimilar in
several important ways that are not mentioned in communications:
(i) airport body scanners expose people for a few seconds and very
infrequently, whereas exposures to 5G technologies occur many times
a day throughout a person’s lifetime, and (ii) the waveforms used
by airport scanners are much simpler and not easily comparable
with complex 5G waveforms. Using a Faulty Analogy to introduce
mmWaves to the public could prevent consumers from considering
any risks or from taking active precautions.

Millimeter waves are also introduced as if they are harmless for
the human body. For mmWaves, the critically exposed organs are
the skin and sclera of the eyes, and when 5G exposures are being
discussed, it is often stated that mmWaves do not penetrate more
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than a few millimeters into the skin. This creates a “Red Herring”
fallacy (23), because it diverts attention toward the less important
issue of skin surface tissue, and away from the more important issues
of the mechanisms and biological functions of the skin. The facts that
are ignored are: (i) In skin research, penetrates is a technical term,
meaning that two-thirds of the original signal’s energy is absorbed.
There is still one-third that travels further, into deeper skin layers,
nerves and blood. (ii) Skin is rich in nerves that are connected to the
central and autonomic nervous systems. (iii) Skin is the body’s first
line of defense, rich in protective bacteria and part of the immune,
waste management, and endocrine systems (13, 24).

There is very limited research into the bioeffects of mmWaves on
the skin (13). The endocrine neurotransmitter and cardio systems
to which the skin is connected and the critical sclera of the eyes
have had a cursory investigation, as shown in Figure 1. However, it
is predicted from theoretical models that the skin’s sweat gland ducts
(SGD) act as helical antennas, which can potentially carry mmWaves
much deeper into the body (25, 26). Such deeper penetration has
been confirmed, albeit at higher frequencies (94 GHz) (27). There
are also predictions that transients from short pulses due to high
data rates may create secondary waves called Brillouin Precursors that
penetrate even deeper into the body, leading to the unwinding of
large molecules, cell membrane damage and blood-brain leakage (28).
Furthermore, Brillouin precursors do not decay as expected, which
can lead to hot spots deep within the body (29). There are further
concerns that the rapid pulse trains contained within 5G signals will
cause intense hot spots on the skin, resulting in permanent tissue
damage (30), and that the current ICNIRP guidelines do not protect
against these hot-spots (31).

Altogether, these facts paint a very different picture of plausible
risk than does the “Red Herring” statement given in public 5G
communications that mmWaves only penetrate a few millimeters
into the skin. Fifth and sixth-generation technologies should not be
advancing without investigating the above issues, which are currently
being ignored.

Fallacies used in reviews

When mmWave reviews are conducted, several principles are
repeatedly used for critiquing experiential design and for dismissing
or excluding various papers. However, we have found that several
fallacies are present in these arguments, as described below.

Exposure principles confuse necessary and
su�cient conditions

Quality studies need to report the dosimetry of the exposure
signals clearly (i.e., what frequencies were used and what power
densities or SARs were measured). Good dosimetry is a necessary

condition of good reporting. However, it is not sufficient to guarantee
that the exposures used in the experiment are adequate for testing the
hypothesis, for the following reasons.

Real-world 5G signals are complex and variable. First, there are
the variable low-frequency pulses (control, pilot, synchronization
signals) and modulations being carried on the high-frequency 5G
carrier waves. In addition, to send multiple signals simultaneously,
many 4G/5G technologies use Orthogonal Frequency-Division
Multiplexing (OFDM), which requires extremely high peak

amplitudes. These methods of signal transfer create complexities
in the waveforms that cannot be fully replicated using simulated
signals created by frequency generators. Complex real-world signals
are more bioactive (32) and are thus more likely to show bioeffects.
Not surprisingly then, experiments that use signal generators are
less likely to produce effects, while those that use real-world devices
(e.g., mobile phones with, 50, 200, 500, or 217 Hz pulses embedded
within the signals) are more likely to produce effects (32). That
is, experiments that use real-world signals have a higher power
(probability of finding an effect if there is one) than experiments that
use simulated signals.

The type of exposure (to real-world devices/signals or to signal
generators) thus needs to be a principle for judging the quality of a
paper. However, this important principle is often ignored. Instead,
a “Confusion of Necessary with Suÿcient Condition” fallacy occurs,
where a study is acknowledged for reporting the necessary dosimetry,
but the review does not ensure the inclusion of the more important
sufficient conditions of the exposure, required to test the hypothesis.
This means that studies with lower power are included in reviews and
treated as if they are of high quality just because they reported the
dosimetry. At the same time, studies with a higher power, that used
real-world signals can be dismissed in the review because they do not
clearly report the dosimetry [e.g., (33)].

As noted in (32) some reports have claimed that experiments
that use a simulated signal from generators are superior because
this allows the signal to be controlled in the laboratory experiment.
However, this can be a “Red Herring” issue. While highly controlled
experiments are to be aimed for, they are not the highest priority if
they prevent the experimenter from being able to test the stimulus
that is creating the response (which thereby reduces the power of
the test).

Weakest points rather than strengths highlighted
Reviews also use other “quality of the study” issues to exclude

papers or to downplay their results [e.g., (2)]. However, some of
these issues are actually examples of the “Straw Person” fallacy,
which occurs when the weakest points of an argument are attacked
while stronger points are ignored. This fallacy can create a
misrepresentation of an opponent’s position in order to make one’s
own argument appear superior. Examples of the “Straw Person”
fallacy occur in reviews that use less important issues as grounds
to dismiss otherwise relevant and scientifically sound papers. Some
examples of “Straw Person” dismissals are given below.

No replication or inconsistent results used to
downplay results

Due to the low number of mmWave studies, the complexity of
available parameter combinations, and given that all the studies are
forging new ground, a lack of replication and inconsistencies between
studies is to be expected. Moreover, it is well-known that funding
bodies and universities do not fund replication studies. Therefore,
lack of replication is a “Straw Person” in this emerging field, and to
downplay the results of a sound experiment on that basis is fallacious;
e.g., Two studies by a Russian research group have also reported

indicators of DNA damage in bacteria; however, these results have not

been verified by other investigators [(2), p. 599].
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Collective “Straw Person” dismissal also occurs. For example,
Figure 1 shows a range of bioeffects, leading to the suggestion of
considerable “smoke” that warrants further investigation of a possible
“fire”. In contrast, the range of bioeffects is watered down in (2) by
framing them as not yet replicated; e.g., Althoughmany bioeffects have

been reported in many of the experimental studies, the results were

generally not independently reproduced [(2), p. 600].

“Poor methodology” has several meanings
Most experiments can be critiqued for containing some flaw or

another; however, flaws occur on a continuum from minor to serious.
To accuse a study of a serious methodological flaw requires a precise
description of that flaw, e.g., the identification of a confounding
variable. In contrast, if an experiment includes a noise factor, this
is not a serious methodological flaw. The noise factor may weaken
the result, by adding more randomness to the measurements, and
therefore making it less likely that an effect will be found (i.e., by
reducing the power of the test); however, the noise does not fully
compromise the study.

Thus, when the term “methodological flaw” is used throughout
a review, a logical fallacy of “Equivocation” may occur, because the
meaning of this key term has one meaning in one portion of the
discussion and then another meaning in another portion of the
discussion (23). A concluding summary statement, e.g., that “many of
the mmWave papers have methodological flaws”, may then give the
impression that all these studies have major flaws. In reality, many
of the papers could contain non-major issues, such as noise factors
and incorrect error bars. Without full explanations, it is impossible to
tell if the flaws that papers are being accused of are fatal or non-fatal.
We suggest that future reviews avoid a possible equivocation fallacy,
by classifying methodological flaws into levels of seriousness, such as
high, medium, and low and by giving clear justifications for why each
paper is classified as such.

Non-linear dose-response misunderstood
Sometimes papers are rejected because they do not show a linear

relationship between dose (exposure intensity × exposure duration)
and effect. This is an incorrect rejection built on the “Red Herring”
assumption that there is a linear relationship between dose and
effect for radiofrequencies. This assumption has been countered
by research that shows that (i) there are windows of power and
frequency that cause harm (34), and (ii) that the human perceptual
system has a non-linear response to electromagnetic frequencies
(35–37). While linear dose-response models may be appropriate
for telecommunications signaling, they are not appropriate for
modeling biological responses where feedback mechanisms and
adaptive responses occur.

The above examples of inappropriate dismissal of papers in
reviews suggest that the credible evidence base for mmWave effects
is likely to be larger than stated. To quote Barnes and Greenbaum
(38), also cited by Lai (39).

The evidence that weak radiofrequency (RF) and low-

frequency fields can modify human health is still less strong, but

the experiments supporting both conclusions are too numerous

to be uniformly written off as a group due to poor technique,

poor dosimetry, or lack of blinding in some cases, or other good

laboratory practices [(38), p. 2].

Conclusions from reviews can be misinterpreted
After dismissing much of the evidence showing effects, as well as

reporting the contradictory results, reviews have concluded that there
is no conclusive evidence of harm. However, an “Appeal to Ignorance”
fallacy can occur when the reviewers, the industry, and ICNIRP then
give the impression that the statement there is no harm must be true
because no counter evidence to that conclusion has been found; i.e.,
because we have not found conclusive evidence of harm. This fallacy
has the effect of wrongfully shifting the burden of proof away from
the one making the claim of no harm (23). In reality, the onus of
proof is on industry and government to continue funding research
that can enable a better understanding of the effects of mmWaves on
humans and the environment.

The above logical fallacies embedded within the analysis and
communication of the mmWave science may have resulted in
significant omissions of critical studies or incorrect judgements about
papers within reviews, making their conclusions unreliable; [e.g.,
see (4)].

Reviews that contain these fallacies are not a suitable basis on
which to build public policy or safety standards.

Fallacies used in setting standards

Several fallacies are also embedded within the ICNIRP guidelines,
for mmWaves as well as other radiofrequencies.

Only heating matters
The main fallacy that has been pointed out by many researchers

is the “Thermal Only” fallacy, whereby ICNIRP and industry have
adopted the position that only heating can produce important

biological or health effects. This “Red Herring” takes the focus away
from research that investigates non-thermal biological and health
effects. For example, in the main mmWave literature review of skin
effects presented within the current ICNIRP guidelines, a decision has
been made to focus on heating effects only [(9), p. 6–8].

Averaging is an adequate measure of harm
When ICNIRP assumes that averaging over time and space are

effective measures for measuring the, this is the fallacy of “Slanting”
because not all of the evidence available is being used to inform the
case (20).

The ICNIRP premise that averaging over time and space is
suÿcient to calculate harm from exposure is deficient in realism
in several ways. First, the statistical use of an average assumes an
underlying normal distribution, which is not the case for complex
telecommunications signaling. Moreover, averages hide potential
biophysical effects resulting in a conclusion of no harm overall, even
though extreme harm may have occurred for a small portion of tissue
[see (18, 30)].
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FIGURE 2

The relative proportion of “E�ects” and “No E�ects” outcomes from studies according to the funding source.

Authority uncertain

The fallacy of “Appeal to Authority” occurs when claims are
believed because they are made by alleged authorities, but not
all of the following are true: (i) they are making claims within
their field of expertise, (ii) they are presenting facts about which
there is some agreement, and (iii) they can be trusted (23). While
bodies like ICNIRP and the WHO International EMF Project are
given formal authority, other researchers have criticized them for
being a small-self referencing group (40) with no dissenting voices
(41). These bodies present one consistent message: that there is no
evidence of harm from radiofrequencies, including mmWaves. In
contrast, hundreds of scientists around the world with concerns for
safety have appealed to the European Union for a moratorium on
the 5G rollout (42, 43). Because there is no clear agreement on
the facts, to assume an ultimate voice of authority on this topic
is fallacious.

Furthermore, some expert scientists researching in this field have
links with industry; therefore, conclusions from their papers need to
be treated with caution. This is because industry can influence the
science (44). For example, industry-funded research for UHF studies
(including when partnered with government or military, public
trusts, private foundations and institutions) was found to typically

use short-term, single one-off exposures created by signal generators,
to predominantly expose cell lines (in vitro) rather than live animals
(in vivo) and to avoid epidemiological studies (45). These design
decisions have resulted in studies that do not provide insights into
potential health effects associated with multiple long-term, real-world
exposure scenarios.

Similar to Huss et al. (46), an analysis of mmWave
studies demonstrates how industry funding influences
outcomes. Industry funded mmWave studies have produced
a lower overall proportion of “Effect” outcomes, compared
to government-funded and institution-based studies (see
Figure 2).

Conclusions

The potential long-term health risks from global EMF continue
to rise as exposures in the built environment increase in time
and density. Mankind has chosen to base the justification for
this rollout on shaky foundations, where there is minimal
understanding of the impact of new radiofrequencies being
introduced into the environment on long-term human and
planetary health.
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The evidence presented above suggests that there are credible
risks of biological interference effects for frequencies planned
for 5G, occurring well-below ICNIRP reference limits. Given
the ubiquitous and often non-consensual nature of man-made
wireless radiation exposures, the presence of even a small
number of significant bioeffects requires follow up with more
focused research.

The communication of existing investigations has not
been fully clear or transparent. It is the responsibility of
government review panels, regulatory bodies, scientists, public
advocates, industry and policy makers to clearly communicate
the research and its implications, so as to ensure that no
fallacious conclusions can be drawn. If these are allowed
to continue, both those delivering the message and the
unsuspecting billions using their new 5G devices may be led in
a direction that places global public and environmental health
at risk.

The mmWave evidence base that has been made visible in this
article suggests that plausible health effects cannot be ruled out, and
that urgent action is needed on two fronts:

1. Further sound scientific research, done carefully, using the best
laboratory practices and sufficiently large samples to produce

significant results, funded and overseen by trusted bodies with
appropriate expertise (38).

2. Precautionary actions to be taken by policy makers via use
of risk aversion strategies such as the actions recommended in
an EU commissioned report [(47), p. 152–153]. Risk aversion
constitutes good leadership.

The limitations of scientific knowledge imply moral courage in
taking precautionary action in time to avert harm [(17), p. 687].
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ABSTRACT
New fifth generation (5G) telecommunications systems, 
now being rolled out globally, have become the subject 
of a fierce controversy. Some health protection agencies 
and their scientific advisory committees have concluded 
that there is no conclusive scientific evidence of harm. 
Several recent reviews by independent scientists, 
however, suggest that there is significant uncertainty 
on this question, with rapidly emerging evidence 
of potentially harmful biological effects from radio 
frequency electromagnetic field (RF- EMF) exposures, at 
the levels 5G roll- out will entail. This essay identifies four 
relevant sources of scientific uncertainty and concern: 
(1) lack of clarity about precisely what technology is 
included in 5G; (2) a rapidly accumulating body of 
laboratory studies documenting disruptive in vitro and 
in vivo effects of RF- EMFs—but one with many gaps 
in it; (3) an almost total lack (as yet) of high- quality 
epidemiological studies of adverse human health 
effects from 5G EMF exposure specifically, but rapidly 
emerging epidemiological evidence of such effects from 
past generations of RF- EMF exposure; (4) persistent 
allegations that some national telecommunications 
regulatory authorities do not base their RF- EMF safety 
policies on the latest science, related to unmanaged 
conflicts of interest. The author, an experienced 
epidemiologist, concludes that one cannot dismiss the 
growing health concerns about RF- EMFs, especially in 
an era when higher population levels of exposure are 
occurring widely, due to the spatially dense transmitters 
which 5G systems require. Based on the precautionary 
principle, the author echoes the calls of others for 
a moratorium on the further roll- out of 5G systems 
globally, pending more conclusive research on their 
safety.

BACKGROUND
Fifth generation (5G) technology is being widely 
promoted by politicians, government officials, 
and private sector interests.1–3 They contend that 
its advent will bring clear economic and lifestyle 
benefits, through massive increases in wireless and 
mobile connectivity at home, work, school and 
in the community. Examples of these 5G benefits 
include driverless vehicles and ‘The Internet of 
Things’—automated and continuous communica-
tion between the machines in our daily lives.4 5 On 
the other hand, the public health response to this 
wave of communications innovation has become 
a sense of deep concern, related to widespread 
scientific uncertainties, as well as a lack of use of 
existing evidence, in the current international safety 
guidelines for 5G and related radio frequency 

electromagnetic field (RF- EMF) exposures.5–8 This 
commentary sets out the reasons for such concern.

WHAT IS 5G AND WHY IS IT DIFFERENT FROM 
PAST EMF EXPOSURES?
Developed over just the last decade, radio frequency 
(wireless) transmission systems in the 5G category 
are being rolled out throughout the world. These 
systems will massively increase the volume, speed 
and spatial reach of digital data transfer.4–6 The four 
successive previous generations (1G, 2G, 3G and 
4G) of wireless transmission systems were deployed 
initially for wireless and mobile phones (1980s and 
1990s), followed by WiFi (2000s), and then smart 
metres and the Internet of Things (2010s). Each 
successive generation of transmission systems has 
used higher frequencies of electromagnetic waves 
to carry ever- larger volumes of data, faster, in more 
ubiquitous locations. 5G is widely acknowledged 
to be a step change in this sequence, since it addi-
tionally uses much higher frequency (3 to 300 GHz) 
radio waves than in the past. 5G will also make use 
of very new—and thus relatively unevaluated, in 
terms of safety—supportive technology (including 
pulsing, beaming, phased arrays and massive input/
massive output (MIMO)—see below) to enable this 
higher data transmission capacity.4–6

However—unlike prior generations of wireless 
transmission systems—5G ultrahigh- frequency 
waves are easily interrupted by vegetation foliage 
(and building walls, often requiring additional 
signal boosting within each building). This inherent 
fragility of 5G high- frequency waves means that 
transmission boosting ‘cell’ antennae are gener-
ally required every 100–300 m or less—far more 
spatially dense than the miles- apart transmission 
masts required for older 2G, 3G and 4G technology 
using lower frequency waves.4–6

This dense transmission network is also required 
in order to achieve the ‘everywhere/anytime’ 
connectivity promised by 5G developers, and 
necessitated by new technology such as driverless 
cars, which must never be out of internet contact, 
for safety reasons. Critics of 5G agree6–8—but its 
supporters do not9 10—that the overall popula-
tion levels of exposure to RF- EMFs will be greatly 
increased by the 5G roll- out. One compelling argu-
ment for that view is the ‘inverse square law’ of 
EMF exposure: intensity varies as the inverse of the 
square of the distance from the emitting source.11 
With plans afoot internationally to put a 5G booster 
antenna on ‘every second or third lamp- post’, it is 
difficult to believe that overall population expo-
sures will not increase substantially. Existing 4G 
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Abstract
In this case, report two previously healthy persons, a man aged 63 years and a woman aged 62 years, developed 

symptoms of the microwave syndrome after installation of a 5G base station for wireless communication on the roof above 
their apartment. A base station for previous telecommunication generation technology (3G/4G) was present at the same spot 
since several years. Very high radiofrequency (RF) radiation with maximum (highest measured peak value) levels of 354 000, 
1 690 000, and >2 500 000 µW/m2 were measured at three occasions in the bedroom located only 5 meters below the new 5G 
base station, compared to maximum (peak) 9 000 µW/m2 prior to the 5G deployment. The rapidly emerging symptoms after 
the 5G deployment were typical for the microwave syndrome with e.g., neurological symptoms, tinnitus, fatigue, insomnia, 
emotional distress, skin disorders, and blood pressure variability. The symptoms were more pronounced in the woman. Due to 
the severity of symptoms, the couple left their dwelling and moved to a small office room with maximum (peak) RF radiation 
3 500 µW/m2. Within a couple of days, most of their symptoms alleviated or disappeared completely. This medical history can 
be regarded as a classic provocation test. The RF radiation levels in the apartment were well below the limit proposed to be 
“safe” below which no health effects would occur, recommended by the International Commission on Non-Ionizing Radiation 
(ICNIRP). These now presented symptoms of the microwave syndrome were caused by non-thermal effects from RF radiation 
and highlight that the ICNIRP guidelines used in most countries including Sweden do not protect human health. Guidelines 
based on all biological negative effects from RF radiation are urgently needed, as well as monitoring human health, not the least 
due to rapidly increasing levels of exposure. 

Keywords: Base station; 5G; Radiofrequency radiation; 
Electromagnetic hypersensitivity; Microwave syndrome; Health

Introduction
In recent years, human exposure to pulse-modulated 

microwave radiation [also called radiofrequency (RF) radiation] 
from wireless technology has increased exponentially. Microwaves 
are frequencies in the range of 300 MHz to 300 GHz within the 
radiofrequency (RF) spectrum [1]. The increase is mainly a result 

of the expansion of 4G+ and 5G as well as an increased amount 
of consumer products based on technologies that emit microwave 
radiation.

In parallel with this exploding RF radiation exposure, 
regulations and so-called safety limits applicable to the permitted 
RF radiation in most countries are based on a severely outdated 
approach from the 1950s. These ‘safety” limits (or guidelines) 
only protect people against harmful effects that occur as a result 
of acute heating, also called thermal effects. These occur when 
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Abstract
The 5th generation, 5G, for wireless communication is rolled out without previous studies on 
potential effects on human health and the environment. In this case study we describe two men, case 
1 and case 2, working in three offic rooms close to base stations. After the deployment of 5G, both 
men developed symptoms typical for the microwave syndrome, e.g., headache, tinnitus, dizziness, 
balance disorder, concentration and attention deficiency, and fatigue. Radiofrequency Radiation 
(RFR) after the 5G deployment was measured in the three offices In offic one maximum (peak) 
RFR during one minute varied from 463 to 1,180,000 µW/m2, in offic two from 6,230 to 501,000 
and in offic three from 13,700 to 613,000 µW/m2. The symptoms disappeared in both men within a 
couple of weeks (case 1) or immediately (case 2) after leaving the offic for other office with much 
lower maximum peak RFR emissions, maximum for case 1 =16 and for case 2 =2,920 µW/m2. This
case report may be regarded as a provocation study on health from 5G RFR. The clinical picture in 
both men was clearly related to the exposure, although the exposures were well below the guidelines 
recommended by ICNIRP that are claimed to protect against all health effects. We conclude that 
the guidelines for RFR exposure based only on tissue heating by ICNIRP are inadequate to protect 
human health and that 5G appears to provoke symptoms of microwave syndrome in previously 
healthy people.

Keywords: Base station; 5G; Radiofrequency radiation; Electromagnetic hypersensitivity 
microwave syndrome; Health
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Introduction
Guidelines for exposure to Radiofrequency Radiation (RFR), also called microwaves, from 

ICNIRP [1] and the FCC [2] are based on outdated assumptions that ignore current scientific
evidence on health effects. Tissue heating within very short exposure time is the only accepted basis 
for these guidelines. Thereby these guidelines do not protect against numerous non-thermal health 
effects observed for RFR exposure at non-thermal levels [3]. Microwaves are frequencies in the range 
of 300 MHz to 300 GHz and it is within this range of frequencies that modern wireless technologies 
for instance 3G, 4G, 5G and Wi-Fi operate. People may react to RFR with e.g., insomnia, heart 
palpitations, tinnitus, skin disorders, headache, and neurological symptoms at exposure levels clearly 
below the guidelines suggested by ICNIRP and FCC. The terms microwave syndrome, microwave 
illness, radiofrequency sickness or Electromagnetic Hypersensitivity (EHS) have been attributed to 
these health effects. The symptoms develop at levels of RFR exposure well below the guidelines from 
ICNIRP, and are alleviated by elimination of or reduced exposure, but may in some cases persist to 
some degree. Individuals suffering from EHS react with health symptoms already at very low non-
thermal exposure levels to RF-radiation [4]. The symptoms of microwave syndrome or illness were 
described already in the 1960’s by researchers in East European Countries [5] as a consequence of 
long-term occupational exposure to microwaves/RFR. These non-thermal effects depend primarily 
on the modulation and/or pulsation of the signal and also on the peak and average intensity of the 
RFR. The symptoms decline and may disappear completely after exposure has ceased and may after
a few days to several weeks have disappeared completely [6]. Recently we published a case report 
on two persons, who developed the microwave syndrome after installation of base station for 5G 
on the roof just above their apartment [7]. Due to the severity of the symptoms caused by the sharp 
increase in non-thermal levels of microwaves from the 5G base station, the couple had to move to 
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Effect of 1800-2100 MHz Electromagnetic 
Radiation on Learning-Memory and 
Hippocampal Morphology in 
Swiss Albino Mice
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INTRODUCTION
The extensive use of Global System for Mobile communication 
(GSM) mobile phones throughout the world raises the possible 
adverse effects on human health especially on the Central Nervous 
System (CNS), the brain. In many countries more than half of the 
population relies/depend on mobiles for wireless communication 
and internet data [1]. In 2015, more than 7 billion people were using 
mobiles in the world, estimating to 62.9% of the world’s population. 
Rapid increase of mobile users in general and specifically upto 
80% of youngsters owning a mobile has made communication and 
technology easier [2].

In this concern, there is a growing interest in scientific community for 
the potential deleterious effects of Radio Frequency Electro Magnetic 
Radiation (RF EMR) on the public health, especially much focus on 
the effects of RF EMR on structural and functional integrity of the 
brain because the radiation exposure is directly to the head region 
[3]. In 2006 and 2010, World Health Organisation (WHO) issued a 
research agenda for high priority research on effects of RF exposure 
on ageing and neurodegenerative diseases in animals and effects of 
pre and post-natal RF exposure on development and behaviour in 
animals [4,5]. The mobile phone releases non-ionising radiation which 
has low frequency and considered to be safe, but recent studies 
evidenced that it has an impact on the living tissues especially on the 
brain which can cause headache, memory loss, heat over the ear, 
decreased concentration and other cognitive effects [6].

The hippocampus is a part of brain which belongs to the limbic 
system and is involved in cognitive functions like spatial learning 

and working memory. It plays a crucial role in the formation of new 
memories and it is considered as a sensitive region and is affected 
by mobile phone radiation. The hippocampus is a “S”-shaped 
folded structure located on the floor of the lateral ventricle on both 
the cerebral hemispheres. Hippocampal formation consists of 
hippocampus proper, dentate gyrus and subiculum. Hippocampus 
proper is also known as Cornu Ammonis (CA), which consists of 
CA1, CA2, CA3 and CA4 sub-regions [7].

Studies have found that damage to the hippocampal neurons may 
lead to impairment of memory and learning, behavioural disturbances 
and impact on Hypothalamo-Pituitary-Adrenal (HPA) axis [3,8,9]. The 
present study was undertaken to evaluate the long term exposure 
effect of mobile phone radiofrequency electromagnetic radiation-4G 
(1800-2100 MHz) on cognitive functions like spatial learning, working 
memory and hippocampal morphology in adult swiss albino mice.

MATERIALS AND METHODS
The Experimental study was carried out after the approval 
of Institutional Animal Ethical Committee (IAEC/PHARMA/
SDUMC/2017-18/04). The study was conducted at central animal 
house Sri Devaraj Urs Medical College, Kolar from November 2017- 
January 2018, the duration of the study was 3 months.

Animals
Six weeks old healthy male Swiss-Albino Mice were used in this 
study, the animals were procured from Committee for the Purpose 
of Control and Supervision of Experiments on Animals (CPCSEA) 
registered brooders-Invivo Biosciences, Bengaluru.
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ABSTRACT
Introduction: With advancing technology the mobile phone with 
multiple features is used as a multipurpose device and attract 
people of all age groups. Increased usage of mobile phone 
raises the question of possible adverse effects on health.

Aim: To assess the 1800-2100 MHz radiation effect on 
learning-memory and microscopic anatomy of hippocampal 
Cornu Ammonis (CA3) neurons in mice.

Materials and Methods: A total of 18 albino mice were 
divided into 3 groups (6 Mice per group). Group-I: Control 
Group, Group-II: Exposed to Radio frequency-Electromagnetic 
radiation (RF-EMR) for 30 minutes/day for 3 months, Group-III: 
Exposed to RF-EMR for 60 minutes/day for 3 months. Followed 
by the exposure, learning memory was assessed by using Hebb-
Williams maze in all the groups. The mice were then sacrificed, 
brains were dissected out and sections were taken at the level 
of hippocampus and then stained with Haematoxylin and Eosin 
for microscopy.

The results were expressed in Mean±SD and analysed by using 
one-way (analysis of variance) ANOVA followed by LSD (Least 
Square Difference) test for paired wise data. The p-value<0.05 
was considered as statistically significant.

Results: The time taken by the animal to reach the target 
chamber was significantly increased in Group-III (exposed 
60 minutes/day for 3 months), whereas group-II (exposed 
30 minutes/day for 3 months) showed no significant changes 
when compared to Group-I (control group). Microscopic 
anatomy of hippocampal CA3 neurons in exposed group shows 
less number of pyramidal cells with darkened nuclei, cytoplasm 
was vacuolated and cells were scattered.

Conclusion: Exposure to 1800-2100 MHz radiation leads to 
damage and decrease of neurons in hippocampal region, which 
alters the learning and memory.
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Despite much research, gaps remain in knowledge about the potential health effects of exposure to
radiofrequency (RF) fields. This study investigated the effects of early‐life exposure to pulsed long
term evolution (LTE) 1,846MHz downlink signals on innate mouse behavior. Animals were
exposed for 30 min/day, 5 days/week at a whole‐body average specific energy absorption rate (SAR)
of 0.5 or 1W/kg from late pregnancy (gestation day 13.5) to weaning (postnatal day 21). A
behavioral tracking system measured locomotor, drinking, and feeding behavior in the home cage
from 12 to 28 weeks of age. The exposure caused significant effects on both appetitive behaviors
and activity of offspring that depended on the SAR. Compared with sham‐exposed controls,
exposure at 0.5W/kg significantly decreased drinking frequency (P ≤ 0.000) and significantly
decreased distance moved (P ≤ 0.001). In contrast, exposure at 1W/kg significantly increased
drinking frequency (P ≤ 0.001) and significantly increased moving duration (P ≤ 0.005). In the
absence of other plausible explanations, it is concluded that repeated exposure to low‐level RF fields
in early life may have a persistent and long‐term effect on adult behavior. Bioelectromagnetics.
2019;40:498–511. © 2019 The Authors. Bioelectromagnetics Published by Wiley Periodicals, Inc.

Keywords: electromagnetic fields; locomotion; activity; brain; rodent

INTRODUCTION

People are increasingly exposed to a broad
spectrum of radiofrequency (RF) fields from an array
of sources operating from a few hundred MHz to a
few GHz. Sources include mobile and cordless
phones, Bluetooth devices, and Wi‐Fi [Sienkiewicz
et al., 2017]. Despite much research, there are still
gaps in knowledge about the potential of low‐level RF
fields to cause biological effects, and there are
concerns that these exposures may have long‐term
effects on human health [SCENIHR, 2015]. In
addition, the ubiquitous nature of our exposure to
these RF fields means that, even if the risk to
individuals is low, a substantial number of people
among the population could experience health effects
[Kheifets et al., 2001; WHO, 2010].

Since the development of mobile cellular tele-
phony, adults and children have been exposed to
prolonged low‐level RF fields from base stations and
to acute, localized exposures when the phone handsets

are used. Children have been assumed to be more
sensitive than adults to these exposures, due to the
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Planetary electromagnetic pollution: it is time to assess its 
impact

As the Planetary Health Alliance moves forward after a 
productive second annual meeting, a discussion on the 
rapid global proliferation of artificial electromagnetic 
fields would now be apt. The most notable is the 
blanket of radiofrequency electromagnetic radiation, 
largely microwave radiation generated for wireless 
communication and surveillance technologies, as 
mounting scientific evidence suggests that prolonged 
exposure to radiofrequency electromagnetic radiation 
has serious biological and health effects. However, 
public exposure regulations in most countries con-
tinue to be based on the guidelines of the International 
Commission on Non-Ionizing Radiation Protection1 and 
Institute of Electrical and Electronics Engineers,2 which 
were established in the 1990s on the belief that only 
acute thermal effects are hazardous. Prevention of tissue 
heating by radiofrequency electromagnetic radiation is 
now proven to be ineffective in preventing biochemical 
and physiological interference. For example, acute 
non-thermal exposure has been shown to alter human 
brain metabolism by NIH scientists,3 electrical activity 
in the brain,4 and systemic immune responses.5 Chronic 
exposure has been associated with increased oxidative 
stress and DNA damage6,7 and cancer risk.8 Laboratory 
studies, including large rodent studies by the US National 
Toxicology Program9 and Ramazzini Institute of Italy,10 
confirm these biological and health effects in vivo. As we 
address the threats to human health from the changing 
environmental conditions due to human activity,11 
the increasing exposure to artificial electromagnetic 
radiation needs to be included in this discussion.

Due to the exponential increase in the use of wireless 
personal communication devices (eg, mobile or cordless 
phones and WiFi or Bluetooth-enabled devices) and 
the infrastructure facilitating them, levels of exposure 
to radiofrequency electromagnetic radiation around 
the 1 GHz frequency band, which is mostly used for 
modern wireless communications, have increased from 
extremely low natural levels by about 10¹⁸ times (figure). 
Radiofrequency electromagnetic radiation is also used 
for radar, security scanners, smart meters, and medical 
equipment (MRI, diathermy, and radiofrequency 
ablation). It is plausibly the most rapidly increasing 

anthropogenic environmental exposure since the mid-
20th century, and levels will surge considerably again, 
as technologies like the Internet of Things and 5G add 
millions more radiofrequency transmitters around us.

Unprecedented human exposure to radiofrequency 
electromagnetic radiation from conception until death 
has been occurring in the past two decades. Evidence 
of its effects on the CNS, including altered neuro-
development14 and increased risk of some neuro-
degenerative diseases,15 is a major concern considering 
the steady increase in their incidence. Evidence exists 
for an association between neuro develop mental or 

Figure: Typical maximum daily exposure to radiofrequency electromagnetic radiation from man-made and 
natural power flux densities in comparison with International Commission on Non-Ionizing Radiation 
Protection safety guidelines1

Anthropogenic radiofrequency electromagnetic radiation levels are illustrated for different periods in the 
evolution of wireless communication technologies. These exposure levels are frequently experienced daily by 
people using various wireless devices. The levels are instantaneous and not time-averaged over 6 minutes as 
specified by International Commission on Non-Ionizing Radiation Protection for thermal reasons. Figure modified 
from Philips and Lamburn12 with permission. Natural levels of radiofrequency electromagnetic radiation were 
based on the NASA review report CR-166661.13
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behavioural disorders in children and exposure to 
wireless devices,14 and experimental evidence, such as 
the Yale finding, shows that prenatal exposure could 
cause structural and functional changes in the brain 
associated with ADHD-like behaviour.16 These findings 
deserve urgent attention.

At the Oceania Radiofrequency Scientific Advisory 
Association, an independent scientific organisation, 
volunteering scientists have constructed the world’s 
largest categorised online data base of peer-reviewed 
studies on radiofrequency electromagnetic radiation 
and other man-made electromagnetic fields of lower 
frequencies. A recent evaluation of 2266 studies 
(including in-vitro and in-vivo studies in human, 
animal, and plant experimental systems and population 
studies) found that most studies (n=1546, 68∙2%) 
have demonstrated significant biological or health 
effects associated with exposure to anthropogenic 
electromagnetic fields. We have published our 
preliminary data on radiofrequency electromagnetic 
radiation, which shows that 89% (216 of 242) of 
experimental studies that investigated oxidative stress 
endpoints showed significant effects.7 This weight of 
scientific evidence refutes the prominent claim that 
the deployment of wireless technologies poses no 
health risks at the currently permitted non-thermal 
radiofrequency exposure levels. Instead, the evidence 
supports the International EMF Scientist Appeal by 
244 scientists from 41 countries who have published on 
the subject in peer-reviewed literature and collectively 
petitioned the WHO and the UN for immediate 
measures to reduce public exposure to artificial 
electromagnetic fields and radiation.

Evidence also exists of the effects of radiofrequency 
electromagnetic radiation on flora and fauna. For 
example, the reported global reduction in bees and 
other insects is plausibly linked to the increased 
radiofrequency electromagnetic radiation in the 
environment.17 Honeybees are among the species 
that use magnetoreception, which is sensitive to 
anthropogenic electromagnetic fields, for navigation.

Man-made electromagnetic fields range from 
extremely low frequency (associated with electricity 
supplies and electrical appliances) to low, medium, 
high, and extremely high frequency (mostly associated 
with wireless communication). The potential effects 
of these anthropogenic electromagnetic fields on 

natural electromagnetic fields, such as the Schumann 
Resonance that controls the weather and climate, 
have not been properly studied. Similarly, we do not 
adequately understand the effects of anthropogenic 
radio frequency electromagnetic radiation on other 
natural and man-made atmospheric components 
or the ionosphere. It has been widely claimed that 
radiofrequency electromagnetic radiation, being non-
ionising radiation, does not possess enough photon 
energy to cause DNA damage. This has now been 
proven wrong experimentally.18,19 Radiofrequency 
electromagnetic radiation causes DNA damage 
apparently through oxidative stress,7 similar to near-UV 
radiation, which was also long thought to be harmless.

At a time when environmental health scientists 
tackle serious global issues such as climate change and 
chemical toxicants in public health, there is an urgent 
need to address so-called electrosmog. A genuine 
evidence-based approach to the risk assessment and 
regulation of anthropogenic electromagnetic fields 
will help the health of us all, as well as that of our 
planetary home. Some government health authorities 
have recently taken steps to reduce public exposure to 
radiofrequency electromagnetic radiation by regulating 
use of wireless devices by children and recommending 
preferential use of wired communication devices in 
general, but this ought to be a coordinated international 
effort.
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Effects of pre and postnatal 2450 MHz continuous wave (CW) radiofrequency 
radiation on thymus: Four generation exposure
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ABSTRACT
This study aims to investigate the effects of pre- and postnatal 2450 MHz continuous wave (CW) 
radiofrequency radiation (RFR) on the thymus of rats spanning four generations. Four groups; sham, 
irradiated female, irradiated male, irradiated male and female, each consisting of four rats (one male 
and three females), were created. During the experiment, rats in the exposure groups were whole- 
body exposed to 2450 MHz CW-RFR for 12 h/day. Irradiation started one month before the 
fertilization in the experimental group. When the offspring were two months old, four rats, one 
male and three female, were allocated for the second-generation study. The remaining offspring
were sacrificed under general anesthesia, and their thymuses were removed. The same procedure 
was applied to the next generation. Two months after the second generation gave birth, third- 
generation rats were decapitated, and their thymuses were removed. In all groups, cortex, medulla 
and resident cells could be clearly distinguished in the second and third generations. No differences
were observed between the control and two experimental groups, defined as irradiated female and 
irradiated male. In contrast, vascularization was observed in the thymus of the fourth-generation 
offspring of the group where both males and females were irradiated. The number of offspring and 
mass of all rats decreased in the third-generation group. Pre-and postnatal 2450 MHz continuous 
wave radiofrequency radiation exposure may potentially affect the thymus of future generations.
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Introduction

The classification of radio frequencies (RF) as 2B agents 
by the International Agency for Research on Cancer 
(IARC) and the common use of wireless communication 
(Wi-Fi) devices in data transmission have raised health 
fears associated with electromagnetic fields (EMF) expo-
sure. Developing tissues and organs are susceptible to 
harmful agents. The World Health Organization 
(WHO) has led research on the effect of early-life expo-
sure to microwave (MW) as high precedence for 2006 
and 2010 research on EMF because of the possible vul-
nerability of children (Laudisi et al. 2012).

Long-term pre- and postnatal RF radiation (RFR) 
exposure and the delayed effects are not known suffi-
ciently. As the effects of RFR are still uncertain, the 
Council of Europe recommends that restrictions be 
placed on internet access and usage of mobile phones 
in all schools to preserve juveniles from the potential 
harm of radiation (Watson 2011). There are many 
reports about the effect of mobile phone exposure on 

health, but research on the effect of Wi-Fi 2.4 GHz RFR 
is considerably less than mobile phones (Dasdag et al. 
1999, 2000, 2009; Dasdag et al. 2015a). However, Dasdag 
et al. investigated the effect of pulsed 2.4 GHz RFR on 
the brain and found it can cause adverse effects (Dasdag 
et al. 2015b). Although many organs, especially the 
brain, have been the focus of these studies, the thymus 
is often overlooked and has not been considered as being 
affected by RFR.

The thymus is a central organ of the immune system 
and the lymphatic system, which differentiate into anti-
gen-recognizing cells and lymphocytes produced by the 
bone marrow in mammalian cells (Dominguez-Gerpe 
and Rey-Menéndez 2003; Miller 2020; Rezzani et al. 
2014). During early embryogenesis, with the onset of 
hematopoiesis begins development of the immune sys-
tem and then throughout prenatal life continues with 
successive hematopoietic cell production, cell migration, 
and differentiation (Laudisi et al. 2012). The thymus is 
vulnerable to physiological alters such as pregnancy, 
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Very high radiofrequency radiation at Skeppsbron in Stockholm, Sweden 
from mobile phone base station antennas positioned close to 
pedestrians’ heads 
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A B S T R A C T   

In urban environment there is a constant increase of public exposure to radiofrequency electromagnetic fields 
from mobile phone base stations. With the placement of mobile phone base station antennas radiofrequency 
hotspots emerge. This study investigates an area at Skeppsbron street in Stockholm, Sweden with an aggregation 
of base station antennas placed at low level close to pedestrians’ heads. Detailed spatial distribution measure-
ments were performed with 1) a radiofrequency broadband analyzer and 2) a portable exposimeter. The results 
display a greatly uneven distribution of the radiofrequency field with hotspots. The highest spatial average across 
all quadrat cells was 12.1 V m⁻1 (388 mW m⁻2), whereas the maximum recorded reading from the entire area was 
31.6 V m⁻1 (2648 mW m⁻2). Exposimeter measurements show that the majority of exposure is due to mobile 
phone downlink bands. Most dominant are 2600 and 2100 MHz bands used by 4G and 3G mobile phone services, 
respectively. The average radiofrequency radiation values from the earlier studies show that the level of ambient 
RF radiation exposure in Stockholm is increasing. This study concluded that mobile phone base station antennas 
at Skeppsbron, Stockholm are examples of poor radiofrequency infrastructure design which brings upon highly 
elevated exposure levels to popular seaside promenade and a busy traffic street.   

1. Introduction 

Electromagnetic fields are known physical risk factors. When mobile 
phone base station antennas are installed, the immediate physical 
environment, including the public and the living spaces can be greatly 
affected by microwaves. 

Measuring public exposure to radiofrequency fields is significant 
from public health perspective, but also for future epidemiological 
studies. Given the rapid development of mobile communication tech-
nologies, the radiofrequency landscape is continuously diversifying and 
intensifying: more frequencies are introduced to provide novel mobile 
phone and data services; more base station antennas are constantly 
installed to facilitate the increasing need for data amounts, pushed 
through the networks. Meanwhile, public exposure also increases. 

In previous publications we have reported environmental exposure 
to radiofrequency (RF) electromagnetic (EMF) radiation at certain pla-
ces in Stockholm in Sweden such as the Central Railway Station (Hardell 

et al., 2016), the Old Town (Hardell et al., 2017), with special attention 
to Järntorget in the Old Town (Hardell et al., 2019), and Stockholm city 
(Carlberg et al., 2019). Of special interest was to measure RF radiation in 
one Stockholm apartment with two groups of base station antennas 
nearby (Hardell et al., 2018). That apartment was further examined 
using a RF broadband analyzer and the results were compared with 
another Stockholm apartment with substantially much lower RF radia-
tion but equally good wireless communication possibility (Koppel et al., 
2019). 

Earlier studies done in Europe show constant increase of public 
exposure, especially in urban environment. The increase is attributed to 
new mobile phone base stations installed, but also to the increased usage 
of corresponding mobile services. Sánchez-Montero et al. (2017) 
monitored urban exposure in Alcalá de Henares (Spain) for ten years and 
reported city mean field increase from 0.277 (203 μW m−2) in 2006 to 
0.395 V m⁻1 (414 μW m-2) in 2015. Sánchez-Montero et al. (2017) admit 
that during the ten years of monitoring the number of mobile phone base 
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Abstract. The fifth generation, 5G, of radiofrequency (RF) 
radiation is about to be implemented globally without inves-
tigating the risks to human health and the environment. 
This has created debate among concerned individuals in 
numerous countries. In an appeal to the European Union (EU) 
in September 2017, currently endorsed by >390 scientists 
and medical doctors, a moratorium on 5G deployment was 
requested until proper scientific evaluation of potential nega-
tive consequences has been conducted. This request has not 
been acknowledged by the EU. The evaluation of RF radiation 
health risks from 5G technology is ignored in a report by a 
government expert group in Switzerland and a recent publi-
cation from The International Commission on Non-Ionizing 
Radiation Protection. Conflicts of interest and ties to the 
industry seem to have contributed to the biased reports. The 
lack of proper unbiased risk evaluation of the 5G technology 
places populations at risk. Furthermore, there seems to be a 
cartel of individuals monopolizing evaluation committees, 
thus reinforcing the no-risk paradigm. We believe that this 
activity should qualify as scientific misconduct.

Introduction

Most politicians and other decision-makers using guidelines 
for exposure to radiofrequency (RF) radiation seem to ignore 
the risks to human health and the environment. The fact that 
the International Agency for Research on Cancer (IARC) at 

the World Health Organization (WHO) in May 2011 classified 
RF radiation in the frequency range of 30 kHz to 300 GHz 
to be a ‘possible’ human carcinogen, Group 2B (1,2), is being 
ignored. This has been recently exemplified in a hearing at the 
Tallinn Parliament in Estonia (3).

An important factor may be the influence on politicians 
by individuals and organizations with inborn conflicts of 
interests (COIs) and their own agenda in supporting the 
no-risk paradigm (4,5). The International Commission on 
Non-Ionizing Radiation Protection (ICNIRP) has repeatedly 
ignored scientific evidence on adverse effects of RF radiation 
to humans and the environment. Their guidelines for expo-
sure are based solely on the thermal (heating) paradigm and 
were first published in ICNIRP 1998 (6), updated in ICNIRP 
2009 (7) and have now been newly published in ICNIRP 
2020 (8), with no change of concept, only relying on thermal 
effects from RF radiation on humans. The large amount of 
peer-reviewed science on non-thermal effects has been ignored 
in all ICNIRP evaluations (9,10). Additionally, ICNIRP has 
successfully maintained their obsolete guidelines worldwide.

COIs can be detrimental, and it is necessary to be as 
unbiased as possible when assessing health risks. There are 
three points that should be emphasized. Firstly, the evidence 
regarding health risks from environmental factors may not 
be unambiguous, and therefore informed judgements must be 
made. Furthermore, there are gaps in knowledge that call for 
experienced evaluations, and no conclusion can be reached 
without value judgements. Secondly, paradigms are defended 
against the evidence and against external assessments by social 
networks in the scientific community. Thirdly, the stronger the 
impact of decisions about health risks on economic, military 
and political interests, the stronger will stakeholders try to 
influence these decision processes.

Since the IARC evaluation in 2011 (1,2), the evidence on 
human cancer risks from RF radiation has been strengthened 
based on human cancer epidemiology reports (9-11), animal 
carcinogenicity studies (12-14) and experimental findings on 
oxidative mechanisms (15) and genotoxicity (16). Therefore, 
the IARC Category should be upgraded from Group 2B to 
Group 1, a human carcinogen (17).

The deployment of the fifth generation, 5G, of RF radiation 
is a major concern in numerous countries, with groups of citi-
zens trying to implement a moratorium until thorough research 
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Abstract: A previously healthy worker developed symp-
toms assigned to electromagnetic hypersensitivity (EHS)
after moving to an office with exposure to high levels
of anthropogenic electromagnetic fields (EMFs). These
symptoms consisted of e.g. headache, arthralgia, tinnitus,
dizziness, memory loss, fatique, insomnia, transitory car-
diovascular abnormalities, and skin lesions. Most of the
symptoms were alleviated after 2 weeks sick leave. The
highest radiofrequency (RF) field level at the working place
was 1.72 V/m (7,852 μW/m2). Maximum value for extremely
low frequency electromagnetic field (ELF-EMF) from elec-
tric power at 50 Hz was measured to 285 nT (mean 241 nT).
For electric train ELF-EMF at 16.7 Hz was measured to
383 nT (mean 76 nT). Exposure to EMFs at the working
place could be the cause for developing EHS related
symptoms. The association was strengthened by the
symptom reduction outside the working place.

Keywords: electromagnetic hypersensitivity; EMF; radio-
frequency radiation; symptoms.

Introduction

Exposure to extremely low frequency (ELF) electromag-
netic fields (EMF) and radiofrequency (RF) EMF is in most
cases involuntary and unknown to people. Both ELF-EMF
and RF-EMF have been evaluated by IARC to be possible
human carcinogens, Group 2B [1–3]. In fact EMFs should be
regarded to be environmental pollutants that do not smell,
have no taste and are invisible.

Already in the 1970s the ‘microwave syndrome’ was
described in the former Soviet Union [4]. Persons working
with radar or radio equipment reported symptoms of fa-
tigue, headache, dizziness, disturbed sleep, concentration
and memory problems.

In the 1980s similar symptoms were reported among
Swedish persons working in front of cathode ray tube
monitors [5]. In Finns such symptoms were attributed to
exposure to EMF [6]. This syndrome was termed electro-
magnetic hypersensitivity (EHS), although still without an
International Classification of Diseases (ICD-code) [7].

EHS consists of a wide range of different symptoms
that may vary from person to person. EMF sensitivity varies
among individuals frommild to severe. The prevalence has
been reported to be 1.5% in Sweden [8], 3.2% in California
[9], 5% in Switzerland [10], and 13% in Taiwan [11].

We report here on a person who developed symptoms
consistent with those described among EHS subjects.
The symptoms developed at a work place with exposure to
EMFs. Our hypothesis is that the symptoms may be
attributed to that exposure. We obtained informed consent
by the person to publish the symptoms and work history
anonymously.

Methods

The subject attributed the development of EHS symptoms to her
office room where she had been working one year since April 2018
for a total of 183 working days. As the source of the adverse health
effects was unknown, the investigators devised a broad spectrum
approach for EMF measurements, to include all possible sources of
EMFs.

The room was thoroughly measured encompassing different
types of electromagnetic fields, including:
– Extremely low frequency (ELF) magnetic field (MF)
– Intermediate frequency (IF) magnetic field (MF)
– Radiofrequency (RF) electromagnetic field.

Three types ofmeasurements approacheswereutilized characterizing:
– Spatial field distribution
– Temporal field dynamics
– Spectrum analysis of EMF
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Abstract. In May 2011 the International Agency for Research 
on Cancer (IARC) evaluated cancer risks from radiofre-
quency (RF) radiation. Human epidemiological studies gave 
evidence of increased risk for glioma and acoustic neuroma. 
RF radiation was classified as Group 2B, a possible human 
carcinogen. Further epidemiological, animal and mechanistic 
studies have strengthened the association. In spite of this, 
in most countries little or nothing has been done to reduce 
exposure and educate people on health hazards from RF 
radiation. On the contrary ambient levels have increased. 
In 2014 the WHO launched a draft of a Monograph on RF 
fields and health for public comments. It turned out that five 
of the six members of the Core Group in charge of the draft 
are affiliated with International Commission on Non-Ionizing 
Radiation Protection (ICNIRP), an industry loyal NGO, and 
thus have a serious conflict of interest. Just as by ICNIRP, 
evaluation of non-thermal biological effects from RF radiation 
are dismissed as scientific evidence of adverse health effects in 
the Monograph. This has provoked many comments sent to the 
WHO. However, at a meeting on March 3, 2017 at the WHO 
Geneva office it was stated that the WHO has no intention to 
change the Core Group.

Contents

1. Introduction
2. The WHO fact sheet
3. The WHO EMF project
4. WHO radio frequency fields: Environmental health criteria 
 monograph
5. Human Health Effects of Non-Ionizing Radiation - Informal  
 meeting at WHO March 3, 2017

6. Exposure to RF radiation within the WHO building in 
 Geneva
7. Concluding remarks

1. Introduction

The use of wireless digital technology has grown rapidly 
during the last couple of decades (http://www.itu.int/en/
ITU-D/Statistics/Documents/facts/ICTFactsFigures2016.pdf). 
During use, mobile phones and cordless phones emit radio-
frequency (RF) radiation. The brain is the main target organ 
for RF emissions from the handheld wireless phone (1,2). 
An evaluation of the scientific evidence on the brain tumour 
risk was made in May 2011 by the International Agency for 
Research on Cancer (IARC) at the World Health Organization 
(WHO). IARC is independently financed and has its own 
governing and scientific councils, which WHO staff only 
attend as observers (http://www.who.int/ionizing_radiation/
research/iarc/en/).

Epidemiological studies provided supportive evidence 
of increased risk for head and brain tumours, i.e., acoustic 
neuroma and glioma. The working group reached the conclu-
sion that RF radiation from devices that emit non-ionizing 
RF radiation in the frequency range 30 kHz-300 GHz, is a 
Group 2B, i.e. a ‘possible’, human carcinogen (3,4). Later 
studies have corroborated these findings and have thus 
strengthened the evidence (5-8).

Several laboratory studies have indicated mechanisms of 
action for RF radiation carcinogenesis such as on DNA repair, 
oxidative stress, down regulation of mRNA and DNA damage 
with single strand breaks (9-13). A report was released from 
The National Toxicology Program (NTP) under the National 
Institutes of Health (NIH) in USA on the largest ever animal 
study on cell phone RF radiation and cancer (14). An increased 
incidence of glioma in the brain and malignant schwannoma 
in the heart was found in rats. Acoustic neuroma or vestibular 
schwannoma is a similar type of tumour as the one found in 
the heart, although benign. Thus, this animal study supported 
human epidemiological findings on RF radiation and brain 
tumour risk (8).

The IARC cancer classification includes all sources of 
RF radiation. The exposure from mobile phone base stations, 
Wi-Fi access points, smart phones, laptops and tablets can be 
long-term, sometimes around the clock, both at home and at 
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Abstract. Exposure to radiofrequency (RF) radiation was 
classified as a possible human carcinogen, Group 2B, by 
the International Agency for Research on Cancer at WHO 
in 2011. The exposure pattern is changing due to the rapid 
development of technology. Outdoor RF radiation level was 
measured during five tours in Stockholm Old Town in April, 
2016 using the EME Spy 200 exposimeter with 20 predefined 
frequencies. The results were based on 10,437 samples in total. 
The mean level of the total RF radiation was 4,293 µW/m2 
(0.4293 µW/cm2). The highest mean levels were obtained for 
global system for mobile communications (GSM) + universal 
mobile telecommunications system (UMTS) 900 downlink 
and long‑term evolution (LTE) 2600 downlink (1,558 and 
1,265 µW/m2, respectively). The town squares displayed highest 
total mean levels, with the example of Järntorget square with 
24,277 µW/m2 (min 257, max 173,302 µW/m2). These results 
were in large contrast to areas with lowest total exposure, 
such as the Supreme Court, with a mean level of 404 µW/m2 
(min 20.4, max 4,088 µW/m2). In addition, measurements in 
the streets surrounding the Royal Castle were lower than the 
total for the Old Town, with a mean of 756 µW/m2 (min 0.3, 
max 50,967 µW/m2). The BioInitiative 2012 Report defined the 
scientific benchmark for possible health risks as 30‑60 µW/m2. 
Our results of outdoor RF radiation exposure at Stockholm Old 
Town are significantly above that level. The mean exposure level 
at Järntorget square was 405‑fold higher than 60 µW/m2. Our 
results were below the reference level on 10,000,000 µW/m2 
established by the International Commission on Non-Ionizing 

Radiation Protection (ICNIRP), which, however, are less cred-
ible, as they do not take non‑thermal effects into consideration 
and are not based on sound scientific evaluation. Our highest 
measured mean level at Järntorget was 0.24% of the ICNIRP 
level. A number of studies have found adverse, non-thermal 
(no measurable temperature increase) health effects far below 
the ICNIRP guidelines.

Introduction

The results of a study on public exposure to radiofre-
quency (RF) radiation at the Stockholm Central Railway 
Station in Sweden were recently published (1). The exposim-
eter EME Spy 200 that covers 20 different radiofrequency 
bands from 87 to 5,850 MHz was used. The results were based 
on 1,669 data points recorded in November, 2015. The median 
value for total exposure was 921 µW/m2 (0.092 µW/cm2), with 
certain outliers >95,544 µW/m2 (6 V/m, which is the upper 
detection limit). One example of such very high measured 
power density was from a global system for mobile communi-
cations (GSM) + universal mobile telecommunications system 
(UMTS) 900 downlink band from a base station located at 
the Stockholm Central Station lower level (1). People standing 
at that area or passing by are involuntarily exposed to high 
RF radiation without their knowledge. It was concluded that 
this represented an improper location of a base station with an 
unnecessary high downlink level.

In European countries, the Old Town is a point of a 
national heritage, a place and source of cultural and historical 
development throughout centuries. Stockholm Old Town has 
already been retrofitted with several existing antennas to 
accommodate voice and data transmission. The aim of the 
present study was to characterize RF radiation already in 
place and its effect on the public. The antenna grid is expected 
to be further expanded to accommodate the rollout of 5G 
mobile networking as the next wave of mobile technology 
is implemented. As mobile base station antennas are placed 
on rooftops, outer walls of buildings and other places, visual 
perturbations appear in the form of antenna casings, cables 
and other peripheral devices. Not only does this damage the 
aesthetic appearance of the historic districts of the Old Town, 
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Abstract. The Stockholm Central Railway Station in Sweden 
was investigated for public radiofrequency (RF) radiation 
exposure. The exposimeter EME Spy 200 was used to collect 
the RF exposure data across the railway station. The expo-
simeter covers 20 different radiofrequency bands from 88 
to 5,850 MHz. In total 1,669 data points were recorded. 
The median value for total exposure was 921 µW/m2 (or 
0.092 µW/cm2; 1 µW/m2=0.0001 µW/cm2) with some outliers 
over 95,544 µW/m2 (6 V/m, upper detection limit). The mean 
total RF radiation level varied between 2,817 to 4,891 µW/m2 for 
each walking round. High mean measurements were obtained 
for GSM + UMTS 900 downlink varying between 1,165 and 
2,075 µW/m2. High levels were also obtained for UMTS 2100 
downlink; 442 to 1,632 µW/m2. Also LTE 800 downlink, 
GSM 1800 downlink, and LTE 2600 downlink were in the 
higher range of measurements. Hot spots were identified, for 
example close to a wall mounted base station yielding over 
95,544 µW/m2 and thus exceeding the exposimeter's detection 
limit. Almost all of the total measured levels were above the 
precautionary target level of 3-6 µW/m2 as proposed by the 
BioInitiative Working Group in 2012. That target level was 
one-tenth of the scientific benchmark providing a safety margin 
either for children, or chronic exposure conditions. We compare 
the levels of RF radiation exposures identified in the present 
study to published scientific results reporting adverse biological 
effects and health harm at levels equivalent to, or below those 
measured in this Stockholm Central Railway Station project. 
It should be noted that these RF radiation levels give transient 
exposure, since people are generally passing through the areas 

tested, except for subsets of people who are there for hours each 
day of work.

Introduction

On 31 May 2011 the WHO International Agency for Research 
on Cancer (IARC) categorized the radiation fields from mobile 
phones, and from other devices that emit similar non-ionizing 
electromagnetic field (EMF) radiation in the frequency range 
30 kHz to 300 GHz, as a Group 2B, i.e. a ‘possible’, human 
carcinogen (1,2). Nine years earlier IARC had also classified 
the electromagnetic fields from overhead electric power lines 
as a Group 2B carcinogen (3).

The IARC decision on mobile phones was based mainly 
on two sets of case-control human studies: the Hardell group 
of studies from Sweden (4-6) and the IARC Interphone 
study (7-9). Both provided complementary and generally mutu-
ally supportive evidence of increased risk for brain tumours, 
i.e. glioma and acoustic neuroma. Later published studies by 
us (10-13) and the French CERENAT study on glioma and 
meningioma published in 2014 (14) supported an increased 
risk for brain tumours and use of mobile phones. These results 
were further supported by a study on mice showing tumour-
promoting effect from radiofrequency (RF) radiation at low 
to moderate levels (0.04 and 0.4 W/kg SAR), radiation well 
below exposure limits for users of mobile phones (15). Thus, 
implications of the study by Tillman et al (16) were success-
fully tested. It should be added that a long-term animal toxicity 
study at 900 MHz published in 1997 resulted in statistically 
significant increased lymphoma risk in mice (17).

Recently, a report was released from The National 
Toxicology Program (NTP) under the National Institutes of 
Health (NIH) in USA on the largest ever animal study on cell 
phone RF radiation and cancer (18). An increased incidence 
of glioma and malignant Schwannoma in the heart was found. 
Acoustic neuroma or vestibular Schwannoma is the same type 
of tumour as the one found in the heart, although benign.

The carcinogenicity findings evaluated by IARC in 2011 
were related to personal wireless phone use, including mobile 
phones and DECT phones. The overall exposure including 
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REVIEW

Genetic effects of non-ionizing electromagnetic fields
Henry Lai

Department of Bioengineering, University of Washington, Seattle, WA, USA

ABSTRACT
This is a review of the research on the genetic effects of non-ionizing electromagnetic field (EMF), 
mainly on radiofrequency radiation (RFR) and static and extremely low frequency EMF (ELF-EMF). 
The majority of the studies are on genotoxicity (e.g., DNA damage, chromatin conformation 
changes, etc.) and gene expression. Genetic effects of EMF depend on various factors, including 
field parameters and characteristics (frequency, intensity, wave-shape), cell type, and exposure 
duration. The types of gene expression affected (e.g., genes involved in cell cycle arrest, apoptosis 
and stress responses, heat-shock proteins) are consistent with the findings that EMF causes genetic 
damages. Many studies reported effects in cells and animals after exposure to EMF at intensities 
similar to those in the public and occupational environments. The mechanisms by which effects are 
induced by EMF are basically unknown. Involvement of free radicals is a likely possibility. EMF also 
interacts synergistically with different entities on genetic functions. Interactions, particularly with 
chemotherapeutic compounds, raise the possibility of using EMF as an adjuvant for cancer treat-
ment to increase the efficacy and decrease side effects of traditional chemotherapeutic drugs. 
Other data, such as adaptive effects and mitotic spindle aberrations after EMF exposure, further 
support the notion that EMF causes genetic effects in living organisms.
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Introduction

This is a review on studies on the genetic effects of non- 
ionizing electromagnetic fields (EMF). We will concen-
trate on two parts of the EMF spectrum which are 
common in our environment: static and extremely low- 
frequency electromagnetic fields (ELF-EMF) and radio-
frequency radiation (RFR).

Studies are summarized in Supplements 1 (RFR) and 
2 (static/ELF-EMF). Basically, there are two types of 
studies: genetic damages and gene expression. The 
research covers a wide area of biological systems: both 
in vitro and in vivo involving many animal and cell 
models, and various exposure conditions. First, a few 
words have to be said on the exposure set-ups used in 
these studies. It is relatively easy to set up a reliable 
exposure system for static and ELF-EMF. Most exposure 
systems used these studies are generally satisfactory. 
However, it is difficul to set up good exposure systems 
for RFR studies. In my opinion, most set-ups are rela-
tively satisfactory, considering that there is no perfect 
guideline on what is a good system. However, preferably, 
incident power density and specific absorption rate 
should be provided in each study. These are generally 
lacking when telecommunication devices, such as cellu-
lar phones, are used in a study. It becomes difficul to 

compare the results of these studies with other studies 
using exposure systems. It is not totally without merit to 
use these devices for studies. If properly set up, these 
devices provide more realistic exposure parameters. 
A general problem is that some researchers generally 
showed ignorance on the independent variable, i.e., 
EMF, that they worked on.

Regarding biological measurements, with few excep-
tions, the researcher are generally knowledgeable in the 
methodology used. However, there are studies that 
showed that the researchers are not familiar with the 
methodology that they used in their studies. An example 
is the use of the “Comet assay” to determine DNA strand 
breaks. 31% of the studies listed in Supplements 1 and 2 
used the “Comet assay”. A few words have to be said on 
it. Different versions of the assay have been developed. 
These versions have different detection sensitivities and 
can be used to measure different aspects of DNA strand 
breaks. A comparison of data from experiments using 
different versions of the assay may be misleading. 
Another concern is that most of the ‘comet assay’ studies 
were carried out by experimenters who had no prior 
experience on the assay. My experience with the 
‘Comet assay’ is that it is a very sensitive assay and 
requires great care in performing. Thus, different detec-
tion sensitivities could result from different

CONTACT Henry Lai hlai@uw.edu Department of Bioengineering,University of Washington, Seattle, WA 98195, USA
Supplemental data for this article can be accessed on the publisher’s website.

ELECTROMAGNETIC BIOLOGY AND MEDICINE     
https://doi.org/10.1080/15368378.2021.1881866

© 2021 Taylor & Francis Group, LLC

https://doi.org/10.1080/15368378.2021.1881866
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/15368378.2021.1881866&domain=pdf&date_stamp=2021-02-04


 

J Cancer Sci Clin Ther 2021; 5 (2): 250-285  DOI: 10.26502/jcsct.5079117 

 

 

Journal of Cancer Science and Clinical Therapeutics   250 

 

Commentary 
 

Aspects on the International Commission on Non-Ionizing Radiation 

Protection (ICNIRP) 2020 Guidelines on Radiofrequency Radiation 
  

Lennart Hardell1*, Mona Nilsson2, Tarmo Koppel3, Michael Carlberg1 
 
1The Environment and Cancer Research Foundation, Studievägen 35, SE-702 17, Örebro, Sweden 
2Swedish Radiation Protection Foundation, Gredby 14, SE-178 92 Adelsö, Sweden 
3Tallinn University of Technology, SOC353 Ehitajate tee 5, 19086 Tallinn, Estonia 

 
*Corresponding Author: Lennart Hardell, The Environment and Cancer Research Foundation, Studievägen 35, SE 702 17, 

Örebro, Sweden 

 

Received: 04 May 2021; Accepted: 10 May 2021; Published: 21 May 2021 

 

Citation: Lennart Hardell, Mona Nilsson, Tarmo Koppel, Michael Carlberg. Aspects on the International Commission on Non-

Ionizing Radiation Protection (ICNIRP) 2020 Guidelines on Radiofrequency Radiation. Journal of Cancer Science and Clinical 

Therapeutics 5 (2021): 250-285. 

 

Abstract 

The International Commission on Non-Ionizing Radiation 

Protection (ICNIRP) published 2020 updated guidelines on 

radiofrequency (RF) radiation in the frequency range 100 

kHz to 300 GHz. Harmful effects on human health and the 

environment at levels below the guidelines are downplayed 

although evidence is steadily increasing. Only thermal 

(heating) effects are acknowledged and therefore form the 

basis for the guidelines. Despite the increasing scientific 

evidence of non-thermal effects, the new ICNIRP guidelines  

 

are not lower compared with the previous levels. Expert 

groups from the WHO, the EU Commission and Sweden are 

to a large extent made up of members from ICNIRP, with no 

representative from the many scientists who are critical of the 

ICNIRP standpoint. 
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Non-thermal Biological Effects of Microwaves 
 

Igor Belyaev 
 
 
List of Abbreviations - Anomalous viscosity time dependence 
(AVTD); blood-brain barrier (BBB); catalase (CAT); Digital 
Enhanced (former European) Cordless Telecommunications (DECT); 
circularly polarized (CP); continuous wave (CW); Digital Advanced 
Mobile Phone System (DAMPS); discontinuous transmission (DTX); 
electroencephalographic (EEG); electromagnetic field (EMF); 
embryonic stem (ES) cells; ethidium bromide (EtBr); extremely low 
frequency (ELF); Gaussian Minimum Shift Keying (GMSK); Ginkgo 
biloba (Gb); Global System for Mobile Communication (GSM); 
glutathione peroxidase (GSH-Px); International Commission for 
Non-Ionizing Radiation Protection (ICNIRP); linearly polarized 
(LP); malondialdehyde (MDA); micronucleus (MN) assay; 
microwaves (MWs); N-acetyl-beta-d-glucosaminidase (NAG); nitric 
oxide (NO); non-thermal (NT); ornithine decarboxylase (ODC); 
phorbol ester 12-myristate 13-acetate (PMA); phosphorylated H2AX 
histone (γ-H2AX); power density (PD); regional cerebral blood flow 
(rCBF); Russian National Committee on Non-Ionizing Radiation 
Protection (RNCNIRP); specific absorption rate (SAR); static 
magnetic field (SMF); superoxide dismutase (SOD); Time Division 
Multiple Access (TDMA); tumor suppressor p53 binding protein 1 
(53BP1); ultraviolet (UV); Universal Mobile Telecommunications 
System (UMTS). 
 
Abstract - The aim of this paper is to overview the diverse 
biological effects of non-thermal microwaves (NT MWs) and 
complex dependence of these effects on various physical and 
biological parameters. Besides dependencies on frequency and 
modulation, the available data suggest dependencies of the NT 
MW effects on intermittence and coherence time of exposure, 
polarization, static magnetic filed, electromagnetic stray field, 
genotype, gender, physiological and individual factors, cell 
density during of exposure and indicate that duration of 
exposure may be not less important than power density (PD) for 
the NT MW effects. Further evaluation of these dependencies are 
needed for understanding the mechanisms by which NT MWs 
affect biological systems, planning in vivo and epidemiological 
studies, developing medical treatments, setting safety standards, 
and minimizing the adverse effects of MWs from mobile 
communication. 
 
Key words - non-thermal effects of microwaves, mobile (cellular) 
phones. 
 

I. INTRODUCTION 
 

Electromagnetic exposures vary in many parameters: power 
(specific absorption rate, incident power density), 
wavelength/frequency, near field  - far field, polarization 
(linear, circular) continues wave (CW) and pulsed fields 
(pulse repetition rate, pulse width or duty cycle, pulse shape, 
pulse  to  average  power,  etc.),  modulation  ( amplitude,  
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frequency, phase, complex), static magnetic field (SMF) and 
electromagnetic stray field at the place of exposure, overall 
duration and intermittence of exposure (continuous, 
interrupted), acute and chronic exposures. With increased 
absorption of energy, so-called thermal effects of microwaves 
(MWs) are usually observed that deal with MW-induced 
heating. Specific absorption rate (SAR) or power density (PD) 
is a main determinate for the thermal MW effects. Many other 
physical parameters of exposure may be important for so-
called non-thermal (NT) biological effects, which are induced 
by MWs at intensities well below any heating [1-11]. An 
important question is how these physical parameters should be 
taken into account in safety standards.  

Most often, the current safety standards are based on the 
thermal effects of MWs obtained in short-term (acute) 
exposures. In some countries, such as Russia, the NT MW 
effects, especially those induced during prolonged (chronic) 
exposures, are accepted and taken into account for 
establishment of the national safety standards [10-12]. It 
should be stressed, that in contrast to the ICNIRP 
(International Commission for Non-Ionizing Radiation 
Protection) safety standards [13], which are based on the acute 
thermal effects of MWs, the standards adopted by the Russian 
National Committee on Non-Ionizing Radiation Protection 
(RNCNIRP) are based on the experimental data from chronic 
(up to 4 month) exposures of animals to MWs at various 
physical parameters including intensity, frequency and 
modulation, which were performed in the former Soviet 
Union and Russia [10-12]. Since establishment of the current 
safety standards, the situation with exposure of general 
population to MWs has been changed significantly. 
Nowadays, most part of population is chronically exposed to 
MW signals from various sources including mobile phones 
and base stations. These exposures are characterized by low 
intensities, varieties of signals, and long-term durations of 
exposure that are comparable with a lifespan. So far, the 
“dose” (accumulated absorbed energy that is measured in 
radiobiology as the dose rate multiplied by the exposure time) 
is not adopted for the MW exposures and SAR or PD is 
usually used for the guidelines. To what degree SAR/PD can 
be applied to the nowadays NT MW chronic exposures is not 
known and the current state of research demands reevaluation 
of the safety standards [12].  

There are two main approaches to treat numerous data 
regarding the NT MW effects. The first one is based on the 
consideration of these effects dependent on various physical 
parameters and biological variables as has consistently been 
described in many experimental studies and will be partially 
reviewed in this paper. The second approach is based on 
neglecting or minimizing the experimentally observed NT 
MW effects based on the current state of theoretical physical 
science that is insufficient for comprehensive explanation of 
the NT MWs effects. As a result of such various treatments of 
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Abstract. Exposure to radiofrequency (RF) radiation was 
classified in 2011 as a possible human carcinogen, Group 2B, 
by the International Agency for Research on Cancer of the 
World Health Organisation. Evidence of the risk of cancer risk 
has since strengthened. Exposure is changing due to the rapid 
development of technology resulting in increased ambient 
radiation. RF radiation of sufficient intensity heats tissues, but 
the energy is insufficient to cause ionization, hence it is called 
non‑ionizing radiation. These non‑thermal exposure levels 
have resulted in biological effects in humans, animals and 
cells, including an increased cancer risk. In the present study, 
the levels of RF radiation were measured in an apartment close 
to two groups of mobile phone base stations on the roof. A total 
of 74,531 measurements were made corresponding to ~83 h of 
recording. The total mean RF radiation level was 3,811 µW/m2 
(range 15.2‑112,318 µW/m2) for the measurement of the whole 
apartment, including balconies. Particularly high levels were 
measured on three balconies and 3 of 4 bedrooms. The total 
mean RF radiation level decreased by 98% when the measured 
down‑links from the base stations for 2, 3 and 4 G were disre‑
garded. The results are discussed in relation to the detrimental 
health effects of non‑thermal RF radiation. Due to the current 
high RF radiation, the apartment is not suitable for long‑term 
living, particularly for children who may be more sensitive 
than adults. For a definitive conclusion regarding the effect 
of RF radiation from nearby base stations, one option would 
be to turn them off and repeat the measurements. However, 

the simplest and safest solution would be to turn them off and 
dismantle them.

Introduction

The use of wireless digital technology has grown rapidly during 
the last couple of decades. While in use, mobile and cordless 
phones emit radiofrequency (RF) radiation. The brain is the main 
target of exposure to RF radiation with handheld wireless phones 
(mobile and cordless) (1,2). An increased risk for brain tumors 
has been of concern for a long time. In May 2011, RF radiation 
in the range 30‑300 GHz could be categorized in Group 2B, 
i.e., a ‘possible’ human carcinogen, by the International Agency 
for Research on Cancer (IARC) of WHO (3,4). The decision 
was based mainly on case‑control human studies on the use 
of wireless phones by the Hardell group in Sweden (mobile 
and cordless phones; DECT) and the IARC Interphone study 
(mobile phones), which showed an increased risk for brain and 
head tumours, i.e., glioma and acoustic neuroma (3‑6), which 
has since been confirmed (7‑10), resulting in a recommendation 
to upgrade IARC's 2011 classification of RF radiation to Group 
1, a human carcinogen. This conclusion was published in our 
up‑dated review in 2013 (11) using the so‑called Hill viewpoints 
on the association or causation put forward at the height of the 
tobacco and lung cancer controversy (12).

Due to the increasing use of the wireless technology, envi‑
ronmental exposure to RF radiation has been increasing, but 
there has been no systematic study of ambient exposure. We 
have measured RF radiation at Stockholm Central Station (13) 
and the Stockholm Old Town in Sweden (14). The results 
generally exceeded the levels known to have adverse biological 
effects. By contrast, low levels were measured at certain places 
in the WHO building in Geneva (15).

We have measured RF radiation in an apartment with a 
central location at Östermalm in Stockholm. The apartment is 
located on the 6th floor, with a tower including a bedroom on 
the first floor of the tower (7th floor) and a conference room on 
the second and highest floor (8th) of the tower, at the same level 
as the roof of the building. The measurements did not involve 
any human subjects, and therefore no ethical permission was 
needed. We also discuss laboratory studies on RF‑radiation and 
biological effects relative to the levels of RF in question. Of 
particular interest are the non‑thermal levels of RF radiation and 
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Abstract. During the use of handheld mobile and cordless 
phones, the brain is the main target of radiofrequency (RF) 
radiation. An increased risk of developing glioma and 
acoustic neuroma has been found in human epidemiological 
studies. Primarily based on these findings, the International 
Agency for Research on Cancer (IARC) at the World Health 
Organization (WHO) classified in May, 2011 RF radiation at 
the frequency range of 30 kHz‑300 GHz as a ‘possible’ human 
carcinogen, Group 2B. A carcinogenic potential for RF radia‑
tion in animal studies was already published in 1982. This has 
been confirmed over the years, more recently in the Ramazzini 
Institute rat study. An increased incidence of glioma in the 
brain and malignant schwannoma in the heart was found in 
the US National Toxicology Program (NTP) study on rats and 
mice. The NTP final report is to be published; however, the 
extended reports are published on the internet for evaluation 
and are reviewed herein in more detail in relation to human 
epidemiological studies. Thus, the main aim of this study 
was to compare earlier human epidemiological studies with 
NTP findings, including a short review of animal studies. We 
conclude that there is clear evidence that RF radiation is a 
human carcinogen, causing glioma and vestibular schwannoma 
(acoustic neuroma). There is some evidence of an increased 
risk of developing thyroid cancer, and clear evidence that RF 
radiation is a multi‑site carcinogen. Based on the Preamble to 
the IARC Monographs, RF radiation should be classified as 
carcinogenic to humans, Group 1.

Introduction

Recently, the US National Toxicology Program (NTP) released 
results on the toxicology and carcinogenicity of radiofre‑
quency (RF) radiation in rats and mice, as further discussed 
below. This initiated this article for the comparison of earlier 
human epidemiological studies with the NTP the findings, 
including a short review of animal studies.

NTP is an interagency program established in 1978 to coor‑
dinate toxicology research and testing across the Department 
of Health and Human Services. The program was also created 
to strengthen the science base in toxicology, develop and 
validate improved testing methods, and provide information 
about potentially toxic chemicals to health regulatory and 
research agencies, scientific and medical communities, and 
the public. NTP is headquartered at the National Institute of 
Environmental Health Sciences (NIEHS) (https://ntp.niehs.
nih.gov/about/org/index.html).

The brain is the main target of the exposure to RF radiation 
during the use of handheld wireless phones; both mobile and 
cordless phones (1,2). Thus, an increased risk of developing 
brain tumors has long been a cause for concern.

Our study group has since the end of the 1990s published 
results from case‑control studies on use of wireless phones and 
brain tumor risk (3). A statistically significant increased risk 
for ipsilateral use of mobile phones, the same side of the brain 
as the phone was used, was published for malignant brain 
tumors (4) and vestibular schwannoma (5). Further scientific 
evidence on the association has more recently been discussed 
by Carlberg and Hardell (6).

In May, 2011 the International Agency for Research on 
Cancer (IARC) concluded that radiofrequency (RF) radia‑
tion in the frequency range 30 kHz‑300 GHz is a ‘possible’ 
human carcinogen Group 2B (7,8). The classification was 
based primarily on evidence that long‑term users of wireless 
phones (mobile and cordless phones) have an increased risk 
for glioma and acoustic neuroma. One major reason that the 
rating was not a ‘probable’ or a ‘known’ risk was the lack of 
clear evidence from animal studies. IARC at the World Health 
Organization (WHO) is independently financed and has its 
own governing and scientific councils, which WHO staff 
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Research

The intensity levels of exposure to microwaves 
(MWs) from mobile telephones are lower 
than the International Commission on Non-
ionizing Radiation Protection (ICNIRP) 
standards, which are based on thermal effects 
of acute MW exposures (ICNIRP 1998). 
However, effects of prolonged exposure to 
non thermal (NT) MWs at intensities compa-
rable with those of mobile phones have also 
been observed in many studies that indicate 
a relationship between NT MW exposure 
and permeability of the brain–blood bar-
rier (Nittby et al. 2008), cerebral blood flow 
(Huber et al. 2005), stress response (Blank 
and Goodman 2004), and neuronal damage 
(Salford et al. 2003). The data obtained by the 
comet assay (Diem et al. 2005; Lai and Singh 
1997) and the micronuclei assay (d’Ambrosio 
et al. 2002; Trosic et al. 2002; Zotti-Martelli 
et al. 2005) imply possible genotoxic effects 
of NT MWs, whereas other studies did not 
support this geno toxicity (Meltz 2003). 
Experimental data have indicated that the NT 
MW effects occur depending on several phys-
ical parameters, including carrier frequency, 
polarization, modulation, and intermittence 
(Belyaev 2005a). Differences in these physical 
parameters and biological variables, including 
genetic background and physiologic state, 

may explain various outcomes of studies with 
NT MWs (Belyaev 2005b; Huss et al. 2007).

A recent review of available epidemio-
logic studies concluded that the use of mobile 
phones for > 10 years is associated with 
increased risk of ipsilateral gliomas and acous-
tic neurinomas (Hardell et al. 2008). For a 
long time stem cells have been considered an 
important cellular target for origination of 
cancer—both tumors and leukemia (Feinberg 
et al. 2006; Soltysova et al. 2005). Gliomas 
are believed to originate from stem cells in 
the brain (Altaner 2008). DNA double-strand 
breaks (DSBs) and their misrepair are critical 
molecu lar events resulting in chromosomal 
aberrations, which have often been associ-
ated with origination of various leukemias 
and tumors, including gliomas (Fischer and 
Meese 2007). Only one study on possible 
MW-induced DSBs in stem cells is available 
(Nikolova et al. 2005). Surprisingly, the data 
obtained in that study by the neutral comet 
assay suggested that prolonged exposure 
time abolished the DSB formation observed 
at the shorter exposure time. Furthermore, 
the neutral comet assay has limited appli-
cability to detect DSBs because similar 
increases in comet tails may be also caused 
by non genotoxic effects that imply changes in 

chromatin conformation, such as relaxation 
of DNA loops (Belyaev et al. 1999).

Several proteins involved in DSB repair, 
such as phosphorylated histone 2A family 
member X (γ-H2AX) and tumor suppressor 
TP53 binding protein 1 (53BP1), have been 
shown to produce discrete foci that colocal-
ize to DSBs, referred to as DNA repair foci 
(Kao et al. 2003; Sedelnikova et al. 2002). 
Analysis of DNA repair foci is currently 
accepted as the most sensitive and specific 
technique for meas uring DSBs in untreated 
cells, as well as in cells exposed to cyto toxic 
agents (Bocker and Iliakis 2006; Bonner et al. 
2008). By analy sis of the DNA repair foci 
in normal human fibroblasts, we were able 
to detect DSBs induced by a very low dose 
of ionizing radiation, 1 cGy, which results 
in only 0.4 DSB/cell on average (Markovà 
et al. 2007). We have also used this technique 
to analyze 53BP1/γ-H2AX foci in human 
lymphocytes exposed to MWs from Global 
System for Mobile Communication (GSM)/
Universal Global Telecommunications 
System (UMTS) phones (Belyaev et al. 
2005, 2009; Markovà et al. 2005). We have 
found that MW exposure inhibited forma-
tion of endogenous 53BP1/γ-H2AX foci 
(Belyaev et al. 2005, 2009; Markovà et al. 
2005). This inhibition might be caused by a 
decrease in accessibility of DSBs to proteins 
because of stress-induced chromatin conden-
sation (Belyaev et al. 2009). Inability to form 
DNA repair foci has been correlated to radio-
sensitivity, genomic instability, and other 
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Microwaves from Mobile Phones Inhibit 53BP1 Focus Formation in Human 
Stem Cells More Strongly Than in Differentiated Cells: Possible Mechanistic 
Link to Cancer Risk
Eva Markovà,1,2 Lars O.G. Malmgren,3 and Igor Y. Belyaev1,2,4

1Department of Genetics, Microbiology and Toxicology, Stockholm University, Stockholm, Sweden; 2Laboratory of Molecular Genetics, 
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Physics Institute, Russian Academy of Science, Moscow, Russia

Background: It is widely accepted that DNA double-strand breaks (DSBs) and their misrepair in 
stem cells are critical events in the multistage origination of various leukemias and tumors, including 
gliomas. 

oBjectives: We studied whether microwaves from mobile telephones of the Global System for 
Mobile Communication (GSM) and the Universal Global Telecommunications System (UMTS) 
induce DSBs or affect DSB repair in stem cells.

Methods: We analyzed tumor suppressor TP53 binding protein 1 (53BP1) foci that are typically 
formed at the sites of DSB location (referred to as DNA repair foci) by laser confocal microscopy.

results: Microwaves from mobile phones inhibited formation of 53BP1 foci in human primary 
fibroblasts and mesenchymal stem cells. These data parallel our previous findings for human 
lympho cytes. Importantly, the same GSM carrier frequency (915 MHz) and UMTS frequency band 
(1947.4 MHz) were effective for all cell types. Exposure at 905 MHz did not inhibit 53BP1 foci in 
differentiated cells, either fibroblasts or lymphocytes, whereas some effects were seen in stem cells at 
905 MHz. Contrary to fibroblasts, stem cells did not adapt to chronic exposure during 2 weeks.

conclusions: The strongest microwave effects were always observed in stem cells. This result may 
suggest both significant misbalance in DSB repair and severe stress response. Our findings that stem 
cells are most sensitive to microwave exposure and react to more frequencies than do differentiated 
cells may be important for cancer risk assessment and indicate that stem cells are the most relevant 
cellular model for validating safe mobile communication signals.

key words: 53BP1 foci, DNA double-strand breaks, microwaves, mobile phones, stem cells. Environ 
Health Perspect 118:394–399 (2010). doi:10.1289/ehp.0900781 available via http://dx.doi.org/ 
[Online 23 October 2009]
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Changes in the excitability 
of primary hippocampal neurons 
following exposure to 3.0 GHz 
radiofrequency electromagnetic 
fields
Ibtissam Echchgadda1*, Jody C. Cantu2, Gleb P. Tolstykh2, Joseph W. Butterworth2, 
Jason A. Payne1 & Bennett L. Ibey1

Exposures to radiofrequency electromagnetic fields (RF-EMFs, 100 kHz to 6 GHz) have been associated 
with both positive and negative effects on cognitive behavior. To elucidate the mechanism of RF-EMF 
interaction, a few studies have examined its impact on neuronal activity and synaptic plasticity. 
However, there is still a need for additional basic research that further our understanding of the 
underlying mechanisms of RF-EMFs on the neuronal system. The present study investigated changes 
in neuronal activity and synaptic transmission following a 60-min exposure to 3.0 GHz RF-EMF at 
a low dose (specific absorption rate (SAR) < 1 W/kg). We showed that RF-EMF exposure decreased 
the amplitude of action potential (AP), depolarized neuronal resting membrane potential (MP), and 
increased neuronal excitability and synaptic transmission in cultured primary hippocampal neurons 
(PHNs). The results show that RF-EMF exposure can alter neuronal activity and highlight that more 
investigations should be performed to fully explore the RF-EMF effects and mechanisms.

Effects of exposure to radiofrequency electromagnetic fi lds (RF-EMFs, 100 kHz to 6 GHz) at low levels (whole 
body specific absorption rate (wbSAR) ≤ 4 W/kg) has been linked to changes in cognitive  function1,2. While still 
debated because of lack of matching replications, both detrimental and benefic al changes in memory, learning, 
and task performance due to RF-EMF exposures have been  reported3–20. These effects were shown to depend on 
exposure duration (either short-term or chronic) and field intensity.

Neuronal activity and plasticity, which play a central role in cognitive function such as learning and 
 memory21,22, have been examined in cultured neuronal cells to investigate low-level RF-EMF underlying cellular 
mechanisms of interaction. El Khoueiry et al. reported a dose-dependent decrease in neurons electrical activity 
during 15-min exposures to 1800 MHz RF-EMF signals. Using 60-electrode multielectrode arrays (MEAs), the 
group measured a dose-dependent decrease in spontaneous bursting rates in cultured cortical neurons during 
both pulse-modulated Global System for Mobile Communication (GSM) and continuous wave (CW) RF-EMF 
exposures at SAR ranging from 0.01 to 9.2 W/kg23. Moreover, Xu et al. showed a decrease in excitability of 
cultured hippocampal neurons demonstrated by a reduction in the amplitude of α-amino-3-hydroxy-5-methyl-
4-soxazole propionic acid (AMPA) miniature excitatory postsynaptic currents (mEPSCs) following a chronic 
exposure to 1800 MHz GSM at an average SAR of 2.4 W/kg for 15 min per day for 8  days24. They reported that 
the exposure also resulted in a slight reduction in the expression of postsynaptic density 95 and a decrease in the 
number of  spines24,25. In the same line of changes in components of synaptic plasticity, Chen et al. also reported 
inhibition of neurite outgrowth of embryonic neuronal stem cells differentiated neurons following a continuous 
3-day exposure to 1800 MHz at average SAR of 4.0 W/kg26. The authors reported that the exposure, however, did 
not affect cell apoptosis, proliferation, and cell  cycle26. A decrease in number of neurites has also been observed 
with an extended exposure, up to 6 days, of developing rat primary cortical neurons and murine SN56 cholinergic 
cell line when exposed to 900 MHz continuous GSM-modulated EMF at a lower dose of 1.0 W/kg27.
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Report of final results regarding brain and heart tumors in Sprague-Dawley
rats exposed from prenatal life until natural death to mobile phone
radiofrequency field representative of a 1.8 GHz GSM base station
environmental emission

L. Falcioni, L. Bua, E. Tibaldi, M. Lauriola, L. De Angelis, F. Gnudi, D. Mandrioli, M. Manservigi,
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A B S T R A C T

Background: In 2011, IARC classified radiofrequency radiation (RFR) as possible human carcinogen (Group 2B).
According to IARC, animals studies, as well as epidemiological ones, showed limited evidence of carcinogenicity.
In 2016, the NTP published the first results of its long-term bioassays on near field RFR, reporting increased
incidence of malignant glial tumors of the brain and heart Schwannoma in rats exposed to GSM – and CDMA –
modulated cell phone RFR. The tumors observed in the NTP study are of the type similar to the ones observed in
some epidemiological studies of cell phone users.
Objectives: The Ramazzini Institute (RI) performed a life-span carcinogenic study on Sprague-Dawley rats to
evaluate the carcinogenic effects of RFR in the situation of far field, reproducing the environmental exposure to
RFR generated by 1.8 GHz GSM antenna of the radio base stations of mobile phone. This is the largest long-term
study ever performed in rats on the health effects of RFR, including 2448 animals. In this article, we reported the
final results regarding brain and heart tumors.
Methods: Male and female Sprague-Dawley rats were exposed from prenatal life until natural death to a 1.8 GHz
GSM far field of 0, 5, 25, 50 V/m with a whole-body exposure for 19 h/day.
Results: A statistically significant increase in the incidence of heart Schwannomas was observed in treated male
rats at the highest dose (50 V/m). Furthermore, an increase in the incidence of heart Schwann cells hyperplasia
was observed in treated male and female rats at the highest dose (50 V/m), although this was not statistically
significant. An increase in the incidence of malignant glial tumors was observed in treated female rats at the
highest dose (50 V/m), although not statistically significant.
Conclusions: The RI findings on far field exposure to RFR are consistent with and reinforce the results of the NTP
study on near field exposure, as both reported an increase in the incidence of tumors of the brain and heart in
RFR-exposed Sprague-Dawley rats. These tumors are of the same histotype of those observed in some epide-
miological studies on cell phone users. These experimental studies provide sufficient evidence to call for the re-
evaluation of IARC conclusions regarding the carcinogenic potential of RFR in humans.

1. Introduction

Early warnings on the potential carcinogenic risks of mobile phone
radiofrequency radiation (RFR) raised in the early 2000 when, for the
first time, it was published that people using mobile phones had a
significant increased risk to develop vestibular Schwannoma and brain
tumors (Hardell et al., 2003, 2002). In 2011, the International Agency

for Research on Cancer (IARC) classified RFR as possible human car-
cinogen (Group 2B) based on limited evidence both in humans and
experimental animals (Baan et al., 2011; IARC, 2013). Two epidemio-
logical case-control studies resulted more informative for the IARC
evaluation, showing that the risk to develop brain tumors and vestib-
ular Schwannoma was increased in people with the highest cumulative
use of mobile phones, in people who had used mobile phones on the
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Effects of Radiofrequency
Electromagnetic Radiation on
Neurotransmitters in the Brain
Cuicui Hu 1,2, Hongyan Zuo 2* and Yang Li 1,2*

1 Anhui Medical University, Academy of Life Sciences, Hefei, China, 2Department of Experimental Pathology, Beijing Institute

of Radiation Medicine, Beijing, China

With the rapid development of electronic information in the past 30 years, technical

achievements based on electromagnetism have been widely used in various fields

pertaining to human production and life. Consequently, electromagnetic radiation (EMR)

has become a substantial new pollution source in modern civilization. The biological

effects of EMR have attracted considerable attention worldwide. The possible interaction

of EMR with human organs, especially the brain, is currently where the most attention

is focused. Many studies have shown that the nervous system is an important target

organ system sensitive to EMR. In recent years, an increasing number of studies have

focused on the neurobiological effects of EMR, including the metabolism and transport

of neurotransmitters. As messengers of synaptic transmission, neurotransmitters play

critical roles in cognitive and emotional behavior. Here, the effects of EMR on the

metabolism and receptors of neurotransmitters in the brain are summarized.

Keywords: EMR, brain, neurotransmitter, metabolism, transmission, receptor

BACKGROUND

Electromagnetic radiation (EMR) is closely related to human life and originates from various
electrical systems, such as mobile phones, microwave ovens, communication base stations,
high-voltage lines, electronic instruments and other electromagnetic equipment. EMR produces
various electromagnetic waves of different frequencies, resulting in the increasing EMR intensity
in human living spaces. The high-frequency waves such as cosmic, gamma and X-rays, have
enough energy to cause ionization. Non-ionizing electromagnetic waves, including ultraviolet,
visible region, infrared, microwave, and radio waves are frequently used in daily life, especially
radiofrequency electromagnetic fields (RF-EMFs, 30 kHz-300 GHz) for communications, and
extremely low-frequency EMFs (ELF-EMFs, 3 Hz-3 kHz) generated by electricity. RF is also
commonly referred to as microwave (MW) radiation. The impact of EMR on human health has also
gradually attracted attention, and the modulation of brain functional connectivity was observed
in human body (1–3). This review summarizes the effects of RF-EMF on neurotransmitters in
the brain.

The effects of EMR on body systems might depend on the frequency, intensity and
power of radiation, so the parameters of EMR provide a challenge for a literature
review. Specific absorption rate (SAR) measures the rate of energy absorbed by the
human body when exposed to electromagnetic fields between 100 kHz and 10 GHz.
With the unit of watt per kilogram (W/kg), SAR reflects the power absorbed per mass
of tissue. The SAR value depends on the frequency, incident direction, E-polarization
direction, and the structure of different tissues.So far, the SAR values range from
10−4 to 35 W/kg in those reported studies on the bioeffects of microwave radiation.
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Electromagnetic hypersensitivity close to mobile
phone base stations – a case study in Stockholm,
Sweden
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Abstract: A previously healthy worker developed symp-
toms assigned to electromagnetic hypersensitivity (EHS)
after moving to an office with exposure to high levels
of anthropogenic electromagnetic fields (EMFs). These
symptoms consisted of e.g. headache, arthralgia, tinnitus,
dizziness, memory loss, fatique, insomnia, transitory car-
diovascular abnormalities, and skin lesions. Most of the
symptoms were alleviated after 2 weeks sick leave. The
highest radiofrequency (RF) field level at the working place
was 1.72 V/m (7,852 μW/m2). Maximum value for extremely
low frequency electromagnetic field (ELF-EMF) from elec-
tric power at 50 Hz was measured to 285 nT (mean 241 nT).
For electric train ELF-EMF at 16.7 Hz was measured to
383 nT (mean 76 nT). Exposure to EMFs at the working
place could be the cause for developing EHS related
symptoms. The association was strengthened by the
symptom reduction outside the working place.

Keywords: electromagnetic hypersensitivity; EMF; radio-
frequency radiation; symptoms.

Introduction

Exposure to extremely low frequency (ELF) electromag-
netic fields (EMF) and radiofrequency (RF) EMF is in most
cases involuntary and unknown to people. Both ELF-EMF
and RF-EMF have been evaluated by IARC to be possible
human carcinogens, Group 2B [1–3]. In fact EMFs should be
regarded to be environmental pollutants that do not smell,
have no taste and are invisible.

Already in the 1970s the ‘microwave syndrome’ was
described in the former Soviet Union [4]. Persons working
with radar or radio equipment reported symptoms of fa-
tigue, headache, dizziness, disturbed sleep, concentration
and memory problems.

In the 1980s similar symptoms were reported among
Swedish persons working in front of cathode ray tube
monitors [5]. In Finns such symptoms were attributed to
exposure to EMF [6]. This syndrome was termed electro-
magnetic hypersensitivity (EHS), although still without an
International Classification of Diseases (ICD-code) [7].

EHS consists of a wide range of different symptoms
that may vary from person to person. EMF sensitivity varies
among individuals frommild to severe. The prevalence has
been reported to be 1.5% in Sweden [8], 3.2% in California
[9], 5% in Switzerland [10], and 13% in Taiwan [11].

We report here on a person who developed symptoms
consistent with those described among EHS subjects.
The symptoms developed at a work place with exposure to
EMFs. Our hypothesis is that the symptoms may be
attributed to that exposure. We obtained informed consent
by the person to publish the symptoms and work history
anonymously.

Methods

The subject attributed the development of EHS symptoms to her
office room where she had been working one year since April 2018
for a total of 183 working days. As the source of the adverse health
effects was unknown, the investigators devised a broad spectrum
approach for EMF measurements, to include all possible sources of
EMFs.

The room was thoroughly measured encompassing different
types of electromagnetic fields, including:
– Extremely low frequency (ELF) magnetic field (MF)
– Intermediate frequency (IF) magnetic field (MF)
– Radiofrequency (RF) electromagnetic field.

Three types ofmeasurements approacheswereutilized characterizing:
– Spatial field distribution
– Temporal field dynamics
– Spectrum analysis of EMF
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I 

Health impact of 5G 

Current state of knowledge of 5G-related carcinogenic and 
reproductive/developmental hazards as they emerge from 
epidemiological studies and in vivo experimental studies 

The upcoming deployment of 5G mobile networks will allow for significantly faster mobile broadband 
speeds and increasingly extensive mobile data usage. Technical innovations include a different 
transmission system (MIMO: use of multiple‐input and multiple‐output antennas), directional signal 
transmission or reception (beamforming), and the use of other frequency ranges. At the same time, a 
change is expected in the exposure to electromagnetic fields (EMF) of humans and the environment. In 
addition to those used to date, the 5G pioneer bands identified at EU level have frequencies of 700 MHz, 
3.6 GHz (3.4 to 3.8 GHz) and 26 GHz (24.25 to 27.5 GHz). The first two frequencies (FR1) are similar to those 
used for 2G to 4G technologies and have been investigated in both epidemiological and experimental 
studies for different end points (including carcinogenicity and reproductive/developmental effects), while 
26 GHz (FR2) and higher frequencies have not been adequately studied for the same end points. 

The International Agency for Research on Cancer (IARC) classified radiofrequency (RF) EMF as 'possibly 
carcinogenic to humans' (Group 2B) and recently recommended RF exposure for re-evaluation 'with high 
priority' (IARC, 2019). Since 2011 a great number of studies have been performed, both epidemiological 
and experimental. The present review addresses the current knowledge regarding both carcinogenic and 
reproductive/developmental hazards of RF as exploited by 5G. There are various in vivo experimental and 
epidemiological studies on RF at a lower frequency range (450 to 6000 MHz), which also includes the 
frequencies used in previous generations' broadband cellular networks, but very few (and inadequate) on 
the higher frequency range (24 to 100 GHz, centimetre/MMW). 

The review shows: 1) 5G lower frequencies (700 and 3 600 MHz): a) limited evidence of carcinogenicity in 
epidemiological studies; b) sufficient evidence of carcinogenicity in experimental bioassays; c) sufficient 
evidence of reproductive/developmental adverse effects in humans; d) sufficient evidence of reproductive/ 
developmental adverse effects in experimental animals; 2) 5G higher frequencies (24.25-27.5 GHz): the 
systematic review found no adequate studies either in humans or in experimental animals. 

Conclusions: 1) cancer: FR1 (450 to 6 000 MHz): EMF are probably carcinogenic for humans, in particular 
related to gliomas and acoustic neuromas; FR2 (24 to 100 GHz): no adequate studies were performed on 
the higher frequencies; 2) reproductive developmental effects: FR1 (450 to 6 000 MHz): these frequencies 
clearly affect male fertility and possibly female fertility too. They may have possible adverse effects on the 
development of embryos, foetuses and newborns; FR2 (24 to 100 GHz): no adequate studies were 
performed on non-thermal effects of the higher frequencies. 
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A B S T R A C T

Epidemiology studies (case-control, cohort, time trend and case studies) published since the International
Agency for Research on Cancer (IARC) 2011 categorization of radiofrequency radiation (RFR) from mobile
phones and other wireless devices as a possible human carcinogen (Group 2B) are reviewed and summarized.
Glioma is an important human cancer found to be associated with RFR in 9 case-control studies conducted in
Sweden and France, as well as in some other countries. Increasing glioma incidence trends have been reported in
the UK and other countries. Non-malignant endpoints linked include acoustic neuroma (vestibular Schwannoma)
and meningioma. Because they allow more detailed consideration of exposure, case-control studies can be su-
perior to cohort studies or other methods in evaluating potential risks for brain cancer. When considered with
recent animal experimental evidence, the recent epidemiological studies strengthen and support the conclusion
that RFR should be categorized as carcinogenic to humans (IARC Group 1). Opportunistic epidemiological
studies are proposed that can be carried out through cross-sectional analyses of high, medium, and low mobile
phone users with respect to hearing, vision, memory, reaction time, and other indicators that can easily be
assessed through standardized computer-based tests. As exposure data are not uniformly available, billing re-
cords should be used whenever available to corroborate reported exposures.

1. Introduction

With rapidly increasing applications for wireless devices targeting
populations of all ages, exposures to the associated radiofrequency ra-
diation (RFR) are increasing in number and diversity. Radiation sources
include communications devices such as mobile (cell) or cordless
phones, laptops and tablets, baby monitors, wearable devices and as-
sociated infrastructure (e.g. routers, antennae on towers, and dis-
tributed antennae systems (DAS) that can employ directional couplers
or wireless amplifiers to enhance accessibility). Thus, the technology
entails direct and growing personal exposures to an expanding array of
wireless transmitting devices (WTDs).

In 2011, a Working Group of the World Health Organization's
International Agency for Research on Cancer (IARC) classified RFR as a

possible human carcinogen (Group 2B) (IARC, 2013). In this paper we
review the human epidemiology and some other relevant studies pub-
lished since the IARC Working Group meeting.

1.1. Wireless phone types

The principal sources of exposure of humans to RFR are cell and
cordless phones. The radiated power and technologies for cell phones
have evolved over the years, as summarized in Table 1 (Hardell and
Carlberg, 2015).

2. Case-control studies; glioma

Aydin et al. (2011) reported the results of CEFALO, a multicenter
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Evidence for a health risk by RF on humans living around mobile phone 
base stations: From radiofrequency sickness to cancer 

A. Balmori 1 

C/ Rigoberto Cortejoso, 14 47014, Valladolid, Spain   

A R T I C L E  I N F O   

Keywords: 
Base station 
Cell tower 
Health 
Mast 
RF radiation 
Microwave syndrome 
Radar 
Radio antennas 

A B S T R A C T   

The objective of this work was to perform a complete review of the existing scientific literature to update the 
knowledge on the effects of base station antennas on humans. Studies performed in real urban conditions, with 
mobile phone base stations situated close to apartments, were selected. Overall results of this review show three 
types of effects by base station antennas on the health of people: radiofrequency sickness (RS), cancer (C) and 
changes in biochemical parameters (CBP). Considering all the studies reviewed globally (n = 38), 73.6% (28/38) 
showed effects: 73.9% (17/23) for radiofrequency sickness, 76.9% (10/13) for cancer and 75.0% (6/8) for 
changes in biochemical parameters. Furthermore, studies that did not meet the strict conditions to be included in 
this review provided important supplementary evidence. The existence of similar effects from studies by different 
sources (but with RF of similar characteristics), such as radar, radio and television antennas, wireless smart 
meters and laboratory studies, reinforce the conclusions of this review. Of special importance are the studies 
performed on animals or trees near base station antennas that cannot be aware of their proximity and to which 
psychosomatic effects can never be attributed.   

1. Introduction 

During the last few decades, hundreds of thousands of mobile phone 
base stations and other types of wireless communications antennas have 
been installed around the world, in cities and in nature, including pro-
tected natural areas, in addition to pre-existing antennas (television, 
radio broadcasting, radar, etc.). Only the aesthetic aspects or urban 
regulations have been generally considered in this deployment, while 
the biological, environmental and health impacts of the associated non- 
ionizing electromagnetic radiation emissions have not been assessed so 
far. Therefore, the effects on humans living around these anthropogenic 
electromagnetic field sources (antennas) have not been considered. 

In France, there is a significant contribution of mobile phone base 
stations in the exposure to radiofrequency electromagnetic fields (RF- 
EMF) of urban citizens living nearby (De Giudici et al., 2021). Some 
studies from India indicate that more than 15% of people have levels of 
EMF strength above 12 V/m due to their proximity to antennas (Premlal 
and Eldhose, 2017). Exposure estimates have shown that RF-EMF from 
mobile telephone systems is stronger in urban than in rural areas. For 
instance, in Sweden the levels of RF radiation have increased consid-
erably in recent years, both outdoor and indoor, due to new 

telecommunication technologies, and the median power density 
measured for RF fields between 30 MHz and 3 GHz was 16 μW/m2 in 
rural areas, 270 μW/m2 in urban areas and 2400 μW/m2 in city areas 
(Hardell et al., 2018). Total exposure varies not only between urban and 
rural areas but also, depending on residential characteristics, between 
different floors of a building, with a tendency for building exposure to 
increase at higher floors (Breckenkamp et al., 2012). 

Over the past five decades, and more intensively since the beginning 
of this century, many studies and several reviews have been published 
on the effects of anthropogenic electromagnetic radiation on humans 
living around the antennas. The first studies were carried out with radio 
and television antennas, investigating increases in cancer and leukaemia 
(Milham, 1988; Maskarinec et al., 1994; Hocking et al., 1996; Dolk et al., 
1997a, 1997b; Michelozzi et al., 1998; Altpeter et al., 2000), as well as 
around radars (Kolodynski and Kolodynska, 1996; Goldsmith, 1997). 

Regarding base station antennas, there are scientific discrepancies in 
their effects: some studies concluded that there are no health-related 
effects (e.g. Augner and Hacker, 2009; Blettner et al., 2009; Röösli 
et al., 2010; Baliatsas et al., 2016) whereas others found increases in 
cancer and other health problems in humans living around antennas (e. 
g. Santini et al., 2002; Navarro et al., 2003; Bortkiewicz et al., 2004; 
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Pollution caused by the electromagnetic fields (EMFs) of radio frequencies (RF) generated by the
telecommunication system is one of the greatest environmental problems of the twentieth century. The purpose
of this researchwas to verify the existence of a spatial correlation between base station (BS) clusters and cases of
deaths by neoplasia in the Belo Horizonte municipality, Minas Gerais state, Brazil, from 1996 to 2006 and to
measure the human exposure levels to EMF where there is a major concentration of cellular telephone
transmitter antennas. A descriptive spatial analysis of the BSs and the cases of death by neoplasia identified in the
municipality was performed through an ecological–epidemiological approach, using georeferencing. The
database employed in the survey was composed of three data banks: 1. death by neoplasia documented by the
Health Municipal Department; 2. BSs documented in ANATEL (“Agência Nacional de Telecomunicações”:
‘Telecommunications National Agency’); and 3. census and demographic city population data obtained from
official archives provided by IBGE (“Instituto Brasileiro de Geografia e Estatística”: ‘Brazilian Institute of
Geography and Statistics’). The results show that approximately 856 BSs were installed throughDecember 2006.
Most (39.60%) of the BSs were located in the “Centro-Sul” (‘Central-Southern’) region of the municipality.
Between 1996 and 2006, 7191 deaths by neoplasia occurred and within an area of 500 m from the BS, the
mortality rate was 34.76 per 10,000 inhabitants. Outside of this area, a decrease in the number of deaths by
neoplasia occurred. The greatest accumulated incidence was 5.83 per 1000 in the Central-Southern region and
the lowest incidence was 2.05 per 1000 in the Barreiro region. During the environmental monitoring, the largest
accumulated electric field measured was 12.4 V/m and the smallest was 0.4 V/m. The largest density power was
40.78 μW/cm2, and the smallest was 0.04 μW/cm2.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Mobile phone radio base stations (RBSs) are now found in cities
and communities worldwide. They can be found near or even on top
of homes, schools, hospitals, daycare centers and offices. In Brazil, the
number of mobile phone users is estimated to be over 200 million and
there are more than 5 billion users worldwide. In the municipality of
Belo Horizonte, the capital of the state of Minas Gerais, there are
approximately 1000 base stations (BSs) with 128.77 accesses by

mobile phones per 100 inhabitants and in Brazil, there are 49,979 BSs
licensed through April 2011 (ANATEL, 2011).

The non-ionizing electromagnetic radiation from the BSs is of low
intensity compared to the current guidelines on human exposure
limits. However, its emission is continuous. This raises concerns as to
whether the health and well-being of people living or working close
to the BSs are at risk Khurana et al., 2010; Alanko et al., 2008.

The emission of a BS is usually described by its effectively radiated
power in watts (W), which describes the total amount of radiation
emitted by the antenna of the BS. Their intensity, called the power
density, is commonly measured in milliwatts per square centimeter
(mW/cm2) or microwatt per square centimeter (μW/cm2) and it
expresses the power per unit area impinging normally to the external
surface of the subject. The immission (absorption) of the subject is
measured by the specific absorption rate (SAR), which is reported in
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21Objectives: This study is concerned with assessing the role of exposure to radio frequency radiation (RFR)
22emitted either from mobiles or base stations and its relations with human's hormone profiles.
23Design and methods: All volunteers' samples were collected for hormonal analysis.
24Results: This study showed significant decrease in volunteers' ACTH, cortisol, thyroid hormones, prolactin
25for young females, and testosterone levels.
26Conclusion: The present study revealed that high RFR effects on pituitary–adrenal axis.

27© 2011 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

2829

30

31

32 Introduction

33 Because of the increase in the usage of wireless communication
34 devices of mobile phones in recent years, there is an anxious concern
35 on the possible hazardous effects of prolonged exposure to radio fre-
36 quency radiation (RFR) [1]. In considering the biological effects of
37 RFR, the intensity and frequency of the radiation and exposure dura-
38 tion are important determinants of the responses.
39 It has been reported that exposure to RFR could affect the nervous
40 system [2]. Hardell et al. found that cell phone users had an increased
41 risk of malignant gliomas [3]. Subjecting human spermatozoa to RFR
42 showed decrease in sperms motility and vitality and increase in
43 DNA fragmentation [4]. The authors hypothesize that the high spo-
44 radic incidence of the clinical symptoms of the autoimmune multiple
45 Sclerosis disease [5] may be a result of long exposure to RFR from
46 mobiles.
47 This study is concerned with assessing the effect of RFR emitted
48 from mobile phones and base stations on human hormone profiles,
49 with anticipation to offer recommendations to assure health care
50 and safety for humans continuously exposed to radio frequency
51 radiation.

52Design and methods

53Study subjects

54This study was conducted for 6 years on 82 mobile phone volun-
55teers with age ranges 14–22 years (n=41) and 25–60 years
56(n=41). Those users were divided into three subgroups according
57to the time of their exposure to RFR: (weak n=19), (moderate
58n=9), and (strong n=13) per day, in addition to 20 negative control
59subjects.
60On the other hand, volunteers exposed to RFR emitted from base
61stations (n=34) were selected with age ranges 14–22 years
62(n=17), and 25–60 years (n=17) and living at distances 20–100 m
63and 100–500 m apart from the base station. Additional 10 subjects
64of each age range living at a distance more than 500 m apart from
65the base station were considered as negative control group.
66The source of the RFR (base stations or mobile phones) was GSM-
67950 MHz magnetic field and the ICNIRP-Guidelines for limiting expo-
68sure to time-varying electric, magnetic, and electromagnetic field (up
69to 300 GHz) (International Commission on Non-Ionizing Radiation
70Protection). The present study was approved by the Ethics Committee
71of National Research Centre.

72Volunteers inclusion criteria

73Volunteers participated in the study fulfilled the following inclu-
74sion criteria: age 14–60 years, mobile phone users, or living at dis-
75tances 20–100 m and 100–500 m apart from the base station.
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Health effects of living near mobile phone base transceiver station (BTS)
antennae: a report from Isfahan, Iran

Daryoush Shahbazi-Gahrouei, Mojtaba Karbalae, Habib allah Moradi, and Milad Baradaran-Ghahfarokhi

Department of Medical Physics and Medical Engineering, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

Abstract

Background: In recent years, by tremendous use of mobile phone telecommunication, a
growing concern about the possible health hazards has increased greatly among public and
scientists. The mobile phone exposure has been shown to have many effects upon the immune
functions, stimulating hormones, mammalian brain, sperm motility and morphology, and
neurological pathologies syndrome. The aim of this study was to find out the psychological and
psychobiological reactions of the people who are living near mobile phone base transceiver
stations (BTS) antenna, in Isfahan, Iran. Materials and methods: A cross-sectional study on 250
randomly selected inhabitants (133 women and 117 men) was performed in October 2012 till
November 2012. The inhabitants were requested to complete a standardized questionnaire that
focused on the relevant psychological and psychobiological reactions parameters. A computer
program (SPSS version16.0, Chicago, IL) was used for statistical analysis using the Chi-square
test with Yates correction. All the data were tested using a criterion level of p¼ 0.05. Results:
The results showed that most of the symptoms such as nausea, headache, dizziness, irritability,
discomfort, nervousness, depression, sleep disturbance, memory loss and lowering of libido
were statistically significant in the inhabitants living near the BTS antenna (5300 m distances)
compared to those living far from the BTS antenna (4300 m). Conclusion: It is suggested that
cellular phone BTS antenna should not be sited closer than 300 m to populations to minimize
exposure of neighbors.

Keywords

Electromagnetic field, health effects,
microwave radiation, mobile phone BTS

History

Received 13 January 2013
Accepted 24 April 2013
Published online 19 June 2013

Introduction

In recent years, use of mobile phone telecommunication

has drastically increased the amount of human exposition

from the microwaves (MWs) radiation in everyday life.

Because it became impossible to imagine a world without

mobile communication, a growing concern about the pos-

sible health hazards have increased greatly among pub-

lic, even on those who do not use such phones (Repacholi,

2001).

In this regard, the World Health Organization (WHO)

established a project to assess environmental and health

effects of Electro Magnetic Field (EMF) in the frequency of 0

to 300 Giga Hertz (GHz) (Dasdag et al., 2003; Hamblin et al.,

2006). The mobile phones technology uses 880 and

1800 MHz frequency range (Valberg et al., 2007).

Accordingly, the term Electromagnetic Hypersensitivity

(EHS) was created for symptoms possibly related to EMF.

However, the definition and diagnosis remains controversial

(Hansson et al., 2006).

The emitted microwaves have been shown to have many

effects upon the immune functions (Repacholi, 2001),

stimulating hormones (Fattahi-asl et al., 2012, 2013;

Shahbazi-Gahrouei et al., 2012), mammalian brain (de

Tommaso et al., 2009), sperm motility and morphology

(Agarwal et al., 2009) and neurological pathologies syndrome

(Leszczynski et al., 2002).

According to the results gained in a number of experi-

ments, for most of the people, a linear physiological dose-

response relationship between EMF field density and the

symptoms seemed to be unlikely (Roosli, 2008). Diem et al.

reported DNA single- and double-strand induced breaks due

to 1800 MHz RF-EMF exposure at 1.2 W/kg SAR (Diem

et al., 2005). Nittby et al. have investigated that albumin

extravasation enhanced in the rats due to exposer to mobile

phones at 12 mW/kg SAR (Nittby et al., 2009). Ammari et al.

investigated the effects of a chronic GSM 900 MHz exposure

on glia in the rat brain (Ammari et al., 2008). While Rubin

et al. found no differences between people with EHS and

controls with regard to psychopathological diagnoses (Rubin

et al., 2008). Gurisik et al. also found no significant

differences between RF-exposed cells and sham-exposed

in any of the conditions examined or assays (Gurisik et al.,

2006). Lee et al. reported that 1763 MHz RF radiation alone

did not reflect any stress response (Lee et al., 2006).
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Human populations are increasingly exposed to
microwave/radiofrequency (RF) emissions from wire-
less communication technology, including mobile
phones and their base stations. By searching PubMed,
we identified a total of 10 epidemiological studies that
assessed for putative health effects of mobile phone
base stations. Seven of these studies explored the asso-
ciation between base station proximity and neurobe-
havioral effects and three investigated cancer. We
found that eight of the 10 studies reported increased
prevalence of adverse neurobehavioral symptoms or
cancer in populations living at distances < 500 meters
from base stations. None of the studies reported expo-
sure above accepted international guidelines, suggest-
ing that current guidelines may be inadequate in pro-
tecting the health of human populations. We believe
that comprehensive epidemiological studies of long-
term mobile phone base station exposure are urgently
required to more definitively understand its health
impact. Key words: base stations; electromagnetic field
(EMF); epidemiology; health effects; mobile phone;
radiofrequency (RF); electromagnetic radiation.
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INTRODUCTION

Mobile phone base stations are now found ubiquitously
in communities worldwide. They are frequently found
near or on shops, homes, schools, daycare centers, and
hospitals (Figure 1). The radiofrequency (RF) electro-
magnetic radiation from these base stations is regarded
as being low power; however, their output is continu-
ous.1 This raises the question as to whether the health
of people residing or working in close proximity to base
stations is at any risk.

METHODS 

By searching PubMed and using keywords such as base
station, mast, electromagnetic field (EMF), radiofre-
quency (RF), epidemiology, health effects, mobile
phone, and cell phone, and by searching the refer-
ences of primary sources, we were able to find only 10
human population studies from seven countries that
examined the health effects of mobile phone base sta-
tions. Seven of the studies explored the association
between base station proximity and neurobehavioral
symptoms via population-based questionnaires; the
other three retrospectively explored the association
between base station proximity and cancer via medical
records. A meta-analysis based on this literature is not
possible due to differences in study design, statistical
measures/risk estimates, exposure categories, and end-
points/outcomes. The 10 studies are therefore summa-
rized in chronological order (Table 1). 

RESULTS AND DISCUSSION

We found epidemiological studies pertaining to the
health effects of mobile phone base station RF emis-
sions to be quite consistent in pointing to a possible
adverse health impact. Eight of the 10 studies reported
increased prevalence of adverse neurobehavioral symp-
toms or cancer in populations living at distances < 500
meters from base stations. The studies by Navarro et
al.,2 Santini et al.,3 Gadzicka et al.,4 and Hutter et al.5

reported differences in the distance-dependent preva-
lence of symptoms such as headache, impaired con-
centration, and irritability, while Abdel-Rassoul et al.6

also found lower cognitive performance in individuals
living ≤ 10 meters from base stations compared with the
more distant control group. The studies by Eger et al.7

and Wolf and Wolf8 reported increased incidence of
cancer in persons living for several years < 400 meters
from base stations. By contrast, the large retrospective
study by Meyer et al.9 found no increased incidence of
cancer near base stations in Bavaria. Blettner et al.10

reported in Phase 1 of their study that more health
problems were found closer to base stations, but in
Phase 211 concluded that measured EMF emissions
were not related to adverse health effects (Table 1).

Each of the 10 studies reviewed by us had various
strengths and limitations as summarized in Table 1. Per-
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taining to those base station studies in which EMF meas-
urements were not carried out,3,4,7,9 it should be noted
that distance is not the most suitable classifier for expo-
sure to RF-EMF. Antennae numbers and configurations,
as well as the absorption and reflection of their fields by
houses, trees, or other geographic hindrances may
influence the exposure level. Further, self-estimation of
distance to nearest base station is not the best predictor
of exposure since the location of the closest base station
is not always known. Such exposure misclassification
inevitably biases any association towards null.  Multiple
testing might also produce spurious results if not
adjusted for,3,5 as might failure to adjust for participant
age and gender.7 Latency is also an important consider-
ation in the context of cancer incidence following or
during a putative environmental exposure. In this
regard, the study by Meyer et al.9 found no association
between mobile phone base station exposure and
cancer incidence, but had a relatively limited observa-
tion period of only two years. On the other hand, the
studies by Eger et al.7 and Wolf and Wolf8 found a sig-
nificant association between mobile phone base station
exposure and increased cancer incidence, although the
approximate five-year latency between base station
exposure and cancer diagnosis appears to be unexpect-
edly short in both of these studies. 

Other problems in several population-based ques-
tionnaires are the potential for bias, especially selection8

and participation2,3,5,6,11 biases, and self-reporting of
outcomes in combination with the exposure assessment
methods used. For example, regarding limitations in
exposure assessment, in a large two-phase base station
study from Germany,12,13of the Phase 1 participants (n =
30,047), only 1326 (4.4%) participated with a single
“spot” EMF measurement recorded in the bedroom for
Phase 2. Further, health effect contributions from all
relevant EMF sources and other non-EMF environmen-
tal sources need to be taken into account.12 We acknowl-
edge that participant concern instead of exposure
could be the triggering factor of adverse health effects,
however this “nocebo effect” does not appear to fully
explain the findings.4,5 Further, the biological relevance
of the overall adverse findings (Table 1) is supported by
the fact that some of the symptoms in these base-station
studies have also been reported among mobile phone
users, such as headaches, concentration difficulties, and
sleep disorders.13,14 Finally, none of the studies that
found adverse health effects of base stations reported
RF exposures above accepted international guidelines,
the implication being that if such findings continue to
be reproduced, current exposure standards are inade-
quate in protecting human populations.15

264 • Khurana et al. www.ijoeh.com • INT J OCCUP ENVIRON HEALTH

Figure 1—Mobile phone base stations ("antennae" or "masts") in Australia. Upper left: Community shop roof showing
plethora of flat panel antennae. Upper right: Hospital roof with flat panel antennae painted to blend in. Lower left:
Top of a street light pole. Lower center: Mast erected next to a daycare center. Lower right: Antennae mounted on
an office block top floor.
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CONCLUSIONS

Despite variations in the design, size and quality of
these studies as summarized in Table 1, it is the con-
sistency of the base-station epidemiological litera-
ture from several countries that we find striking.  In
particular, the increased prevalence of adverse neu-
robehavioral symptoms or cancer in populations
living at distances < 500 meters from base stations
found in 80% of the available studies. It should be
pointed out that the overall findings of health prob-
lems associated with base stations might be based on
methodological weaknesses, especially since expo-
sure to RF electromagnetic radiation was not always
measured. 

There are some proposed mechanisms via which
low-intensity EMF might affect animal and human
health,16,17 but full comprehensive mechanisms still
remain to be determined.18,19 Despite this, the accu-
mulating epidemiological literature pertaining to the
health effects of mobile phones13,20 and their base sta-
tions (Table 1) suggests that previous exposure stan-
dards based on the thermal effects of EMF should no
longer be regarded as tenable. In August 2007, an
international working group of scientists, researchers,
and public health policy professionals (the BioInitia-
tive Working Group) released its report on EMF and
health.21 It raised evidence-based concerns about the
safety of existing public limits that regulate how much
EMF is allowable from power lines, cellular phones,
base stations, and many other sources of EMF expo-
sure in daily life. The BioInitiative Report21 provided
detailed scientific information on health impacts
when people were exposed to electromagnetic radia-
tion hundreds or even thousands of times below limits
currently established by the FCC and International
Commission for Non-Ionizing Radiation Protection in
Europe (ICNIRP). The authors reviewed more than
2000 scientific studies and reviews, and have con-
cluded that: (1) the existing public safety limits are
inadequate to protect public health; and (2) from a
public health policy standpoint, new public safety
limits and limits on further deployment of risky tech-
nologies are warranted based on the total weight of
evidence.21 A precautionary limit of 1 mW/m2 (0.1
microW/cm2 or 0.614 V/m) was suggested in Section
17 of the BioInitiative Report to be adopted for out-
door, cumulative RF exposure.21 This limit is a cau-
tious approximation based on the results of several
human RF-EMF studies in which no substantial
adverse effects on well being were found at low expo-
sures akin to power densities of less than 0.5 – 1
mW/m2.2,5,22–26 RF-EMF exposure at distances > 500 m
from the types of mobile phone base stations reviewed
herein should fall below the precautionary limit of
0.614 V/m.
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1. Introduction

The use of mobile phones is ubiquitous, and is estimated to

have reached 96% penetration worldwide (ITU, 2013, p. 1).

Mobile broadband, used for wireless access to the Internet, has

more than 2 billion subscriptions worldwide, with penetration

levels that reach 68% in Europe (ITU, 2013, p. 6). Scientific

research has attempted to determine whether exposure to

electromagnetic fields (EMF) during mobile phone use is

dangerous to human health. Yet, while the public remains

focused on the possible dangers of the mobile device itself, the

rapidly growing infrastructure necessary for mobile commu-

nication is interfering with human physiology, as ‘the

antennae of broadcast stations are the most powerful

continuous sources of RF energy intentionally radiated into

free space’ (ICNIRP, 2009, p. 11). From a conservationist

perspective, no other example of industrial impact on the

natural environment has achieved such extended penetration

so quickly.

Base transceiver stations (BTS) – equipment normally

connected to elevated structures that relay electromagnetic

signals between mobile devices and a network – emit

electromagnetic energy. EMF emission is widespread; the

European Union, for example, requires maximal coverage for

its citizens.1 However, virtually no national legislation exists to

protect the same consumers from the possible effects of

prolonged EMF exposure via BTS, nor do most governments
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a b s t r a c t

As the progress of mobile phone technology accelerates throughout Europe, the regulatory

framework necessary for its safe and extended use has been slow to develop. This article

analyses the relationship between scientific knowledge and regulation concerning the

heath effects of increasing emissions of electromagnetic fields (EMF). From a conservationist

perspective, no other example of industrial impact on the natural environment has

achieved such extended penetration so quickly. From a theoretical standpoint, stakeholders

are faced with a difficult choice between comprehensive risk assessment versus immediate

application of the precautionary principle. By exploring the interaction between citizens,

governments, and international bodies, we first analyze the challenges faced by regulators

in the presence of uncertain scientific knowledge and standards of measurement. We then

highlight the inadequacy of current risk assessment parameters. Lastly, within the context

of State and European regulation of EMF exposure, we expand scholarship on the human

rights framework to protect vulnerable populations from environmental pollution. We

conclude that, because scientific knowledge is incomplete, a precautionary approach is

better suited to State obligations under international human rights law.
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Abstract: Installation of mobile phone base stations in residential areas has initiated public 

debate about possible adverse effects on human health. This study aimed to determine the 

association of exposure to radio frequency electromagnetic field radiation (RF-EMFR) 

generated by mobile phone base stations with glycated hemoglobin (HbA1c) and 

occurrence of type 2 diabetes mellitus. For this study, two different elementary schools 

(school-1 and school-2) were selected. We recruited 159 students in total; 96 male  

students from school-1, with age range 12–16 years, and 63 male students with age range  

12–17 years from school-2. Mobile phone base stations with towers existed about 200 m 

away from the school buildings. RF-EMFR was measured inside both schools. In school-1, 

RF-EMFR was 9.601 nW/cm2 at frequency of 925 MHz, and students had been exposed to 

RF-EMFR for a duration of 6 h daily, five days in a week. In school-2, RF-EMFR was  

1.909 nW/cm2 at frequency of 925 MHz and students had been exposed for 6 h daily,  

five days in a week. 5–6 mL blood was collected from all the students and HbA1c was 
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ABSTRACT
The current study was conducted as a preliminary study in the Samarra city of Iraq. The study explored 
direct and indirect impact on people exposed to Internet network towers on residential premises in the cities 
of Iraq. The study included collection of samples from people exposed to radioactive frequencies of Internet 
towers for a period ranging from 1 to 10 years. In all, 43 blood samples of males and female participants 
(age: 20–35 years) were collected exposed to radioactive frequencies (present at the places where constella-
tions were located); also, 20 samples were collected from those (20–35-year old) not exposed to radioactive 
frequencies (from places far from the Internet towers), which acted as a control group. Measurements and 
analyses were made for antioxidants that included the following enzymes: glutathione peroxidase (GPx), 
superoxide dismutase (SOD), glutathione (GSH), malondialdehyde (MDA), and peroxynitrate (or perox-
onitrite [ONOO-]). Antioxidants are one of the most essential lines of defense against free radicals that 
cause diseases and premature aging. The results demonstrated a significant increase in the levels of GPx 
and SOD concentrations and a decrease in the levels of GSH concentration in the blood serum of partici-
pants exposed to electromagnetic waves of Internet towers compared to the control group. The results also 
showed a significant increase in the concentrations of both MDA and ONOO- compared to the non-exposed 
subjects of the control group.
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A cross-sectional case control study on genetic damage in individuals
residing in the vicinity of a mobile phone base station

Gursatej Gandhi, Gurpreet Kaur, and Uzma Nisar
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Abstract

Mobile phone base stations facilitate good communication, but the continuously emitting
radiations from these stations have raised health concerns. Hence in this study, genetic damage
using the single cell gel electrophoresis (comet) assay was assessed in peripheral blood
leukocytes of individuals residing in the vicinity of a mobile phone base station and comparing
it to that in healthy controls. The power density in the area within 300 m from the base station
exceeded the permissive limits and was significantly (p¼ 0.000) higher compared to the area
from where control samples were collected. The study participants comprised 63 persons with
residences near a mobile phone tower, and 28 healthy controls matched for gender, age,
alcohol drinking and occupational sub-groups. Genetic damage parameters of DNA migration
length, damage frequency (DF) and damage index were significantly (p¼ 0.000) elevated in the
sample group compared to respective values in healthy controls. The female residents (n¼ 25)
of the sample group had significantly (p¼ 0.004) elevated DF than the male residents (n¼ 38).
The linear regression analysis further revealed daily mobile phone usage, location of residence
and power density as significant predictors of genetic damage. The genetic damage evident
in the participants of this study needs to be addressed against future disease-risk, which
in addition to neurodegenerative disorders, may lead to cancer.
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Introduction

The wireless technology has seen unprecedented expansion

the world over and has become all pervasive. Though on one

hand, there has been indispensable improvement in the quality

of communication, yet it has also emerged as an unceasing

source of radiofrequency radiations (RFRs) being emitted,

both from mobile (cell) phone base stations and the cell phone

itself, which acts as a two-way radio, i.e. transceiver (Kwan-

Hoong, 2005), generally operating in the frequency range of

900 MHz–1.9 GHz (Levitt and Lai, 2010). According to the

Telecom Industry of India (Telecom sector in India, 2012),

the Indian Telecommunications network is the third largest in

the world and the second largest among the emerging

economies of Asia; the industry continues to grow having

540 000 communication towers with more and more towers

being erected (DoT, 2012). There is also correspondingly high

mobile phone subscribers’ base, being second after China

(Das, 2012). The need for an expansive network to maintain

the escalating mobile phone subscribers’ base has resulted in

the proliferation of antennas atop masts, both in urban as well

as rural areas, adding to the quagmire of environmental

pollutants as the RFRs.

The continuous emission of RFR has prompted concerns

about its effect and the potential risks to those living near

mobile phone base stations despite the fact that the micro-

waves in the RFR spectrum are of low frequency (ARPANSA,

2011). Besides affecting the well-being and performance of

the population, headaches, sleep disturbances, discomfort,

irritability, depression, memory loss and concentration prob-

lems have been documented in France (Santini et al., 2002),

Spain (Navarro et al., 2003), Poland (Bortkiewicz et al., 2004)

and Egypt (Abdel-Rassoul et al., 2006). In Austria, where the

exposure limits (0.001 W/m2) are among the lowest in the

world, health symptoms included buzzing in the head, heart

palpitations, unwellness, lightheadedness, anxiety, breathless-

ness, respiratory problems, nervousness, agitation, headaches,

tinnitus, heat sensation and depression (Oberfeld et al., 2004).

Of more concern are studies on the occurrence of cancers

among those residing near mobile phone base stations.

A four-fold increase in the incidence of cancers of all kinds

among residents living within 300-m radius of a mobile phone

mast from three to seven years has been reported (Wolf

and Wolf, 2004). In another study, a three-fold increase in

the incidence of malignant tumors of blood, breast, ovary,

pancreas, stomach, lung, kidney, bowel, prostate and skin

melanoma was found after five years’ exposure in people
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RF Radiation–Induced Changes in the
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The possible effects of radiofrequency (RF) radiation on prenatal development has been investigated
in mice. This study consisted of RF level measurements and in vivo experiments at several places
around an ‘‘antenna park.’’ At these locations RF power densities between 168 nW/cm2 and
1053 nW/cm2 were measured. Twelve pairs of mice, divided in two groups, were placed in locations
of different power densities and were repeatedly mated five times. One hundred eighteen newborns
were collected. They were measured, weighed, and examined macro- and microscopically. A progres-
sive decrease in the number of newborns per dam was observed, which ended in irreversible infertility.
The prenatal development of the newborns, however, evaluated by the crown-rump length, the body
weight, and the number of the lumbar, sacral, and coccygeal vertebrae, was improved. Bioelectromag-
netics 18:455–461, 1997. q 1997 Wiley-Liss, Inc.

Key words: RF radiation effects; prenatal development; mice development

Five years ago the ‘‘antenna-park of Thessalo- controlled laboratory conditions, might add a certain
amount of uncertainty; therefore, these experimentsniki’’ progressively developed on the top of the nearby

mountain Chortiatis, 1.5 km away from a small village should be considered preliminary.
of the same name. Today, almost 100 commercial TV
and FM-radio broadcasting transmitters in the VHF

MATERIALS AND METHODSand the UHF bands are situated there. The antennas
are installed on towers well visible from a large part We used a total of 36 mice (18 females and 18
of the village. Living so close to the antennae and the males), 2 months old and sexually mature (BALB/c/f
vast amount of RF power they transmit, which is of the breed colony). Breeding colony virgin males and fe-
order of 300 kW, the people of the village Chortiatis, males were obtained from the ‘‘Theageneion Antican-
anxious for their health, encouraged the author to un- cer Institute of Thessaloniki.’’ The use of these experi-
dertake a research program. mental animals was approved by the Veterinary Service

The hypothesis that RF radiation may adversely of the Municipality of Thessaloniki, according to the
affect the health of the animal organism is still under provisions of the laws 1197/81 and 2015/92 and the
consideration in public and scientific forums. One of Presidential Decree 160/91 of the Greek Democracy.
the critical issues seems to be the RF effects on the Upon arrival, all experimental animals were quaran-
reproductive process [Chernoff et al., 1992]. Numerous tined for 2 weeks to discover and to allow them to
studies dealing with this subject ended up with seem- acclimatise the mountain environment, an altitude
ingly contradictory results. Therefore, an ‘‘in vivo’’ ranging between 570 (position h) and 730 m (position
study on experimental animals sensitive to RF radia- d) above sea level. All the mice were healthy at the
tion, was chosen. Based on the relevant literature, this end of this period and showed no signs of illness during
research investigated RF radiation effects on the repro-
ductive system, particularly on prenatal development.
The mouse was selected as the experimental animal, *Correspondence to: Ioannis N. Magras, Department of Anatomy, His-

tology, and Embryology, School of Veterinary Medicine, Aristotle Uni-because it is easily manipulated in the environment in
versity of Thessaloniki, 540-06 Thessaloniki, Greece.which the experiments had to take place. Of course,

experimenting at the mountain sites, far from the easily Received for review 9 June 1996; revision received 30 January 1997

q 1997 Wiley-Liss, Inc.
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a b s t r a c t

Exposure to low frequency and radiofrequency electromagnetic fields at low intensities poses a signif-
icant health hazard that has not been adequately addressed by national and international organizations
such as the World Health Organization. There is strong evidence that excessive exposure to mobile
phone-frequencies over long periods of time increases the risk of brain cancer both in humans and
animals. The mechanism(s) responsible include induction of reactive oxygen species, gene expression
alteration and DNA damage through both epigenetic and genetic processes. In vivo and in vitro studies
demonstrate adverse effects on male and female reproduction, almost certainly due to generation of
reactive oxygen species. There is increasing evidence the exposures can result in neurobehavioral dec-
rements and that some individuals develop a syndrome of “electro-hypersensitivity” or “microwave
illness”, which is one of several syndromes commonly categorized as “idiopathic environmental intol-
erance”. While the symptoms are non-specific, new biochemical indicators and imaging techniques allow
diagnosis that excludes the symptoms as being only psychosomatic. Unfortunately standards set by most
national and international bodies are not protective of human health. This is a particular concern in
children, given the rapid expansion of use of wireless technologies, the greater susceptibility of the
developing nervous system, the hyperconductivity of their brain tissue, the greater penetration of
radiofrequency radiation relative to head size and their potential for a longer lifetime exposure.

© 2018 Published by Elsevier Ltd.
1. Introduction

Electromagnetic fields (EMFs) are packets of energy that have no
mass. They vary in frequency and wavelength. At the high end of
the electromagnetic spectrum there are cosmic and X-rays that
have enough energy to cause ionization, and therefore are known
e by Payam Dadvand.
e Environment, University at

enter).

esearch Foundation, €Orebro,
as ionizing EMFs. Below in frequency and energy are ultraviolet,
visible light and infrared EMFs. Excessive exposure to ultraviolet
EMFs poses clear danger to human health, but life on earth would
not be possiblewithout visible light and infrared EMFs. Below these
forms of EMF are those used for communications (radiofrequency
or RF-EMFs, 30 kHz-300 GHz) and those generated by electricity
(extremely low-frequency or ELF-EMFs, 3 Hz-3 kHz). These EMFs do
not have sufficient energy to directly cause ionization, and are
therefore known as non-ionizing radiation. RF-EMFs at sufficient
intensity cause tissue heating, which is the basis of operation of the
microwave oven. However the question to be addressed here is
human health effects secondary to exposures to non-ionizing EMFs
at low intensities that do not cause measureable heating.
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The Influence of Being Physically Near to a Cell Phone
Transmission Mast on the Incidence of Cancer

Horst Eger, Klaus Uwe Hagen, Birgitt Lucas, Peter Vogel, Helmut Voit

Published in Umwelt·Medizin·Gesellschaft 17,4 2004, as:
‘Einfluss der räumlichen Nähe von Mobilfunksendeanlagen auf die Krebsinzidenz’

Summary

Following the call by Wolfram König, President of the Bundesamt für Strahlenschutz (Federal Agency
for radiation protection), to all doctors of medicine to collaborate actively in the assessment of the
risk posed by cellular radiation, the aim of our study was to examine whether people living close to
cellular transmitter antennas were exposed to a heightened risk of taking ill with malignant tumors.

The basis of the data used for the survey were PC files of the case histories of patients between the
years 1994 and 2004. While adhering to data protection, the personal data of almost 1,000 patients
were evaluated for this study, which was completed without any external financial support. It is
intended to continue the project in the form of a register.

The result of the study shows that the proportion of newly developing cancer cases was significantly
higher among those patients who had lived during the past ten years at a distance of up to 400 metres
from the cellular transmitter site, which has been in operation since 1993, compared to those patients
living further away, and that the patients fell ill on average 8 years earlier.

In the years 1999-2004, ie after five years’ operation of the transmitting installation, the relative risk
of getting cancer had trebled for the residents of the area in the proximity of the installation
compared to the inhabitants of Naila outside the area.

Key words: cellular radiation, cellular transmitter antennas, malignant tumours

The rapid increase in the use of mobile telephony in
the last few years has led to an increasing number of
cell phone transmission masts being positioned in or
near to residential areas. With this in mind, the
president of the German governmental department
for protection against electromagnetic radiation
(Bundesamtes für Strahlenschutz) Wolfram König, has
challenged all doctors to actively help in the work to
estimate the risks from such cell phone masts. The
goal of this investigation was therefore to prove
whether on not people living near to cell phone masts
have a higher risk of developing cancerous tumours.

The basic data was taken from the medical records
held by the local medical authority (Krankenkasse)
for the years 1994 to 2004. This material is stored on
computer. In this voluntary study the records of
roughly 1,000 patients from Naila (Oberfranken)
were used, respecting the associated data protection
laws. The results from this study show a significantly
increased likelihood of developing cancer for the
patients that have lived within 400 metres of the cell
phone transmission mast (active since 1993) over the
last ten years, in comparison to those patients that
live further away. In addition, the patients that live
within 400 metres tend to develop the cancers at a
younger age. For the years 1999 to 2004 (ie after

five or more years of living with the cell phone
transmission mast), the risk of developing cancer for
those living within 400 metres of the mast in
comparison to those living outside this area, was
three times as high.

Introduction

A series of studies available before this investigation
provided strong evidence of health risks and increased
cancer risk associated with physical proximity to radio
transmission masts. Haider et al. reported in 1993 in
the Moosbrunn study frequent psychovegetive symptoms
below the current safety limit for electromagnetic waves
(1). In 1995, Abelin et al. in the Swiss- Schwarzenburg
study found dose dependent sleep problems (5:1) and
depression (4:1) at a shortwave transmitter station that
has been in operation since 1939 (2).

In many studies an increased risk of developing
leukaemia has been found; in children near transmitter
antennas for Radio and Television in Hawaii (3);
increased cancer cases and general mortality in the
area of Radio and Television transmitter antennas in
Australia (4); and in England, 9 times more leukaemia
cases were diagnosed in people who live in a nearby



Science of the Total Environment xxx (2011) xxx–xxx

STOTEN-12672; No of Pages 17

Contents lists available at ScienceDirect

Science of the Total Environment

j ourna l homepage: www.e lsev ie r.com/ locate /sc i totenv
Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte
municipality, Minas Gerais state, Brazil☆

Adilza C. Dode a,b,e,⁎, Mônica M.D. Leão c, Francisco de A.F. Tejo d, Antônio C.R. Gomes e, Daiana C. Dode e,f,
Michael C. Dode e, Cristina W. Moreira b, Vânia A. Condessa b, Cláudia Albinatti b, Waleska T. Caiaffa g

a Minas Methodist University Center Izabela Hendrix, Belo Horizonte City, Minas Gerais State, Brazil
b Municipal Government of Belo Horizonte, Municipal Health Department, Belo Horizonte City, Minas Gerais State, Brazil
c UFMG—Universidade Federal de Minas Gerais-Belo Horizonte, Environmental and Sanitary Engineering Department, Belo Horizonte City, Minas Gerais State, Brazil
d UFCG—Universidade Federal de Campina Grande, Center of Electrical Engineering and Informatics, Academic Unit of Electrical Engineering, Paraíba State, Brazil
e MRE Engenharia (Electromagnetic Radiations Measurement—Engineering), Belo Horizonte City, Minas Gerais State, Brazil
f Faculty of Medical Sciences, Medicine-Belo Horizonte, Belo Horizonte City, Minas Gerais State, Brazil
g UFMG—Universidade Federal de Minas Gerais-Belo Horizonte, Urban Health Observatory, Belo Horizonte City, Minas Gerais State, Brazil
☆ All the authors declare that they have no conflicts o
⁎ Corresponding author at: Rua Desembargador Assis

30320-250, Belo Horizonte (MG), Brazil. Tel.: +55 031
E-mail addresses: adilzadode@terra.com.br (A.C. Dod

(M.M.D. Leão).

0048-9697/$ – see front matter © 2011 Elsevier B.V. Al
doi:10.1016/j.scitotenv.2011.05.051

Please cite this article as: Dode AC, et al, M
Minas Gerais state, Brazil, Sci Total Environ
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 14 January 2011
Received in revised form 25 May 2011
Accepted 25 May 2011
Available online xxxx

Keywords:
Assessment and management of impacts
and environmental risks
Non-ionizing electromagnetic radiation
Public health
Radio base station
Environmental electromagnetic pollution
Environmental electromagnetic
field monitoring
Pollution caused by the electromagnetic fields (EMFs) of radio frequencies (RF) generated by the
telecommunication system is one of the greatest environmental problems of the twentieth century. The purpose
of this researchwas to verify the existence of a spatial correlation between base station (BS) clusters and cases of
deaths by neoplasia in the Belo Horizonte municipality, Minas Gerais state, Brazil, from 1996 to 2006 and to
measure the human exposure levels to EMF where there is a major concentration of cellular telephone
transmitter antennas. A descriptive spatial analysis of the BSs and the cases of death by neoplasia identified in the
municipality was performed through an ecological–epidemiological approach, using georeferencing. The
database employed in the survey was composed of three data banks: 1. death by neoplasia documented by the
Health Municipal Department; 2. BSs documented in ANATEL (“Agência Nacional de Telecomunicações”:
‘Telecommunications National Agency’); and 3. census and demographic city population data obtained from
official archives provided by IBGE (“Instituto Brasileiro de Geografia e Estatística”: ‘Brazilian Institute of
Geography and Statistics’). The results show that approximately 856 BSs were installed throughDecember 2006.
Most (39.60%) of the BSs were located in the “Centro-Sul” (‘Central-Southern’) region of the municipality.
Between 1996 and 2006, 7191 deaths by neoplasia occurred and within an area of 500 m from the BS, the
mortality rate was 34.76 per 10,000 inhabitants. Outside of this area, a decrease in the number of deaths by
neoplasia occurred. The greatest accumulated incidence was 5.83 per 1000 in the Central-Southern region and
the lowest incidence was 2.05 per 1000 in the Barreiro region. During the environmental monitoring, the largest
accumulated electric field measured was 12.4 V/m and the smallest was 0.4 V/m. The largest density power was
40.78 μW/cm2, and the smallest was 0.04 μW/cm2.
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1. Introduction

Mobile phone radio base stations (RBSs) are now found in cities
and communities worldwide. They can be found near or even on top
of homes, schools, hospitals, daycare centers and offices. In Brazil, the
number of mobile phone users is estimated to be over 200 million and
there are more than 5 billion users worldwide. In the municipality of
Belo Horizonte, the capital of the state of Minas Gerais, there are
approximately 1000 base stations (BSs) with 128.77 accesses by
mobile phones per 100 inhabitants and in Brazil, there are 49,979 BSs
licensed through April 2011 (ANATEL, 2011).

The non-ionizing electromagnetic radiation from the BSs is of low
intensity compared to the current guidelines on human exposure
limits. However, its emission is continuous. This raises concerns as to
whether the health and well-being of people living or working close
to the BSs are at risk Khurana et al., 2010; Alanko et al., 2008.

The emission of a BS is usually described by its effectively radiated
power in watts (W), which describes the total amount of radiation
emitted by the antenna of the BS. Their intensity, called the power
density, is commonly measured in milliwatts per square centimeter
(mW/cm2) or microwatt per square centimeter (μW/cm2) and it
expresses the power per unit area impinging normally to the external
surface of the subject. The immission (absorption) of the subject is
measured by the specific absorption rate (SAR), which is reported in
base stations in the Belo Horizonte municipality,

http://dx.doi.org/10.1016/j.scitotenv.2011.05.051
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Abstract
In this case, report two previously healthy persons, a man aged 63 years and a woman aged 62 years, developed 

symptoms of the microwave syndrome after installation of a 5G base station for wireless communication on the roof above 
their apartment. A base station for previous telecommunication generation technology (3G/4G) was present at the same spot 
since several years. Very high radiofrequency (RF) radiation with maximum (highest measured peak value) levels of 354 000, 
1 690 000, and >2 500 000 µW/m2 were measured at three occasions in the bedroom located only 5 meters below the new 5G 
base station, compared to maximum (peak) 9 000 µW/m2 prior to the 5G deployment. The rapidly emerging symptoms after 
the 5G deployment were typical for the microwave syndrome with e.g., neurological symptoms, tinnitus, fatigue, insomnia, 
emotional distress, skin disorders, and blood pressure variability. The symptoms were more pronounced in the woman. Due to 
the severity of symptoms, the couple left their dwelling and moved to a small office room with maximum (peak) RF radiation 
3 500 µW/m2. Within a couple of days, most of their symptoms alleviated or disappeared completely. This medical history can 
be regarded as a classic provocation test. The RF radiation levels in the apartment were well below the limit proposed to be 
“safe” below which no health effects would occur, recommended by the International Commission on Non-Ionizing Radiation 
(ICNIRP). These now presented symptoms of the microwave syndrome were caused by non-thermal effects from RF radiation 
and highlight that the ICNIRP guidelines used in most countries including Sweden do not protect human health. Guidelines 
based on all biological negative effects from RF radiation are urgently needed, as well as monitoring human health, not the least 
due to rapidly increasing levels of exposure. 

Keywords: Base station; 5G; Radiofrequency radiation; 
Electromagnetic hypersensitivity; Microwave syndrome; Health

Introduction
In recent years, human exposure to pulse-modulated 

microwave radiation [also called radiofrequency (RF) radiation] 
from wireless technology has increased exponentially. Microwaves 
are frequencies in the range of 300 MHz to 300 GHz within the 
radiofrequency (RF) spectrum [1]. The increase is mainly a result 

of the expansion of 4G+ and 5G as well as an increased amount 
of consumer products based on technologies that emit microwave 
radiation.

In parallel with this exploding RF radiation exposure, 
regulations and so-called safety limits applicable to the permitted 
RF radiation in most countries are based on a severely outdated 
approach from the 1950s. These ‘safety” limits (or guidelines) 
only protect people against harmful effects that occur as a result 
of acute heating, also called thermal effects. These occur when 
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Abstract

The currently ongoing deployment if the fifth generation of the wireless communication technology,

the 5G technology, has reignited the health debate around the new kind of radiation that will be

used/emitted by the 5G devices and networks - the millimeter-waves. The new aspect of the 5G

technology, that is of concern to some of the future users, is that both, antennas and devices will

be continuously in a very close proximity of the users' bodies. Skin is the only organ of the human

body, besides the eyes, that will be directly exposed to the mm-waves of the 5G technology.

However, the whole scientific evidence on the possible effects of millimeter-waves on skin and skin

cells, currently consists of only some 99 studies. This clearly indicates that the scientific evidence

concerning the possible effects of millimeter-waves on humans is insufficient to devise science-

based exposure limits and to develop science-based human health policies. The sufficient research

has not been done and, therefore, precautionary measures should be considered for the

deployment of the 5G, before the sufficient number of quality research studies will be executed and

health risk, or lack of it, scientifically established.

Keywords: 5G technology; limited deployment; millimeter-waves; precautionary approach; skin.
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Anthropogenic radiofrequency electromagnetic fields 
(EMF) mainly generated by mobile communications 
base stations are an essential environmental factor. 
Many citizens are exposed by multifrequency EMF, a 
complex mixture of signals of different intensity, and 
this is the rule rather than the exception [1,2]. The 
problem of possible general effects of EMF of promis-
ing 5G NR/IMT-2020 standard base stations with level 
exceeding of national hygienic norms on the popula-
tion has not yet been discussed in our country [3,4].

Single foreign epidemiological studies revealed 
no adverse effects associated with 5G systems EMF 
exposure on human health [5,6]. However, it should be 
accepted that experimental data on biological effects 
of EMF from 5G communication systems in available 
literature are more than limited, and the studies are 
fragmentary and do not cover the whole range of 

operation standards from units to tens of GHz [7]. 
All this shows the necessity of experimental study of 
possible adverse effects of 5G communication systems 
EMF, especially biological effects of long-term multi-
frequency exposure, on human health [8].

There are practically no published reports about 
the biological effect of EMF at ranges and generation 
modes corresponding to 5G NR/IMT-2020 standards 
on experimental animals. The latter necessitates ex-
perimental studies on animals for evaluation of the 
biological effects of EMF generated by 5G systems 
with levels that can be comparable to the possible 
threshold of adverse effects on humans. From this 
point of view, it is interesting to study CNS reactions 
to EMF exposure, which can cause changes in func-
tional activity of the hypothalamic—pituitary system 
of animals [9-11].

The aim of this study was experimental evalua-
tion of biological effect chronic exposure to EMF simu-
lating the real 5G NR/IMT-2020 mobile communication 
systems base stations.

EXPERIMENTAL BIOLOGYEXPERIMENTAL BIOLOGY

Status of the Neuroendocrine System in Animals 
Chronically Exposed to Electromagnetic Fields  
of 5G Mobile Network Base Stations
S. Yu. Perov, N. B. Rubtsova, and O. V. Belaya

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 174, No. 8, pp. 249-252, August, 2022
Original article submitted July 1, 2022

We studied the biological effect of chronic exposure to multifrequency electromagnetic fields 
simulating the effects of 5G NR/IMT-2020 mobile communication systems. Male Wistar rats 
were exposed to 24-h radiation (250 μW/cm2) for 4 months. The exploratory activity of the 
animals and blood concentrations of ACTH and corticosterone were evaluated at the end of 
each month of exposure and 1 month after exposure. The results suggest that exposure to 
multifrequency electromagnetic field simulating the effects of 5G systems affected functional 
activity of the hypothalamus—pituitary—adrenal axis and was stressful in nature.

Key Words: electromagnetic field; neuroendocrine system; adrenocorticotropic hormone; cor-
ticosterone; 5G mobile communication systems

N. F. Izmerov Research Institute of Occupational Health, Mos-
cow, Russia. Address for correspondence: perov@irioh.ru.  
S. Yu. Perov

0007 -4888/22/1742-0277 © 2022  Springer Science+Business Media, LLC

Bulletin of Experimental Biology and Medicine, Vol. 174, No. 2, December, 2022
DOI 10.1007/s10517-023-05689-2



Review Article

Lennart Hardell* and Tarmo Koppel

Electromagnetic hypersensitivity close to mobile
phone base stations – a case study in Stockholm,
Sweden
https://doi.org/10.1515/reveh-2021-0169
Received December 9, 2021; accepted February 13, 2022;
published online March 2, 2022

Abstract: A previously healthy worker developed symp-
toms assigned to electromagnetic hypersensitivity (EHS)
after moving to an office with exposure to high levels
of anthropogenic electromagnetic fields (EMFs). These
symptoms consisted of e.g. headache, arthralgia, tinnitus,
dizziness, memory loss, fatique, insomnia, transitory car-
diovascular abnormalities, and skin lesions. Most of the
symptoms were alleviated after 2 weeks sick leave. The
highest radiofrequency (RF) field level at the working place
was 1.72 V/m (7,852 μW/m2). Maximum value for extremely
low frequency electromagnetic field (ELF-EMF) from elec-
tric power at 50 Hz was measured to 285 nT (mean 241 nT).
For electric train ELF-EMF at 16.7 Hz was measured to
383 nT (mean 76 nT). Exposure to EMFs at the working
place could be the cause for developing EHS related
symptoms. The association was strengthened by the
symptom reduction outside the working place.

Keywords: electromagnetic hypersensitivity; EMF; radio-
frequency radiation; symptoms.

Introduction

Exposure to extremely low frequency (ELF) electromag-
netic fields (EMF) and radiofrequency (RF) EMF is in most
cases involuntary and unknown to people. Both ELF-EMF
and RF-EMF have been evaluated by IARC to be possible
human carcinogens, Group 2B [1–3]. In fact EMFs should be
regarded to be environmental pollutants that do not smell,
have no taste and are invisible.

Already in the 1970s the ‘microwave syndrome’ was
described in the former Soviet Union [4]. Persons working
with radar or radio equipment reported symptoms of fa-
tigue, headache, dizziness, disturbed sleep, concentration
and memory problems.

In the 1980s similar symptoms were reported among
Swedish persons working in front of cathode ray tube
monitors [5]. In Finns such symptoms were attributed to
exposure to EMF [6]. This syndrome was termed electro-
magnetic hypersensitivity (EHS), although still without an
International Classification of Diseases (ICD-code) [7].

EHS consists of a wide range of different symptoms
that may vary from person to person. EMF sensitivity varies
among individuals frommild to severe. The prevalence has
been reported to be 1.5% in Sweden [8], 3.2% in California
[9], 5% in Switzerland [10], and 13% in Taiwan [11].

We report here on a person who developed symptoms
consistent with those described among EHS subjects.
The symptoms developed at a work place with exposure to
EMFs. Our hypothesis is that the symptoms may be
attributed to that exposure. We obtained informed consent
by the person to publish the symptoms and work history
anonymously.

Methods

The subject attributed the development of EHS symptoms to her
office room where she had been working one year since April 2018
for a total of 183 working days. As the source of the adverse health
effects was unknown, the investigators devised a broad spectrum
approach for EMF measurements, to include all possible sources of
EMFs.

The room was thoroughly measured encompassing different
types of electromagnetic fields, including:
– Extremely low frequency (ELF) magnetic field (MF)
– Intermediate frequency (IF) magnetic field (MF)
– Radiofrequency (RF) electromagnetic field.

Three types ofmeasurements approacheswereutilized characterizing:
– Spatial field distribution
– Temporal field dynamics
– Spectrum analysis of EMF
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Abstract—With increasing interest in millimeter-wave wireless 
communications, investigations on interactions between the 
human body and millimeter-wave devices are becoming 
important. This paper gives examples of today’s regulatory 
requirements, and provides an example for a 60 GHz 
transceiver. Also, the propagation characteristics of 
millimeter-waves in the presence of the human body are studied, 
and four models representing different body parts are 
considered to evaluate thermal effects of millimeter-wave 
radiation on the body. Simulation results show that about 34% 
to 42% of the incident power is reflected at the skin surface at 60 
GHz. This paper shows that power density is not suitable to 
determine exposure compliance when millimeter wave devices 
are used very close to the body. A temperature-based technique 
for the evaluation of safety compliance is proposed in this paper.     
 

Index Terms—body area networks (BAN), radiation, health 
effects, millimeter-wave, mmWave heating, RF exposure. 
 

I. INTRODUCTION 
HE millimeter-wave (mmWave) band is part of the 

radio frequency (RF) spectrum, comprised of frequencies 
between 30 GHz and 300 GHz, corresponding to a 
wavelength range of 10 to 1 mm. The photon energy of 
mmWaves ranges from 0.1 to 1.2 milli-electron volts (meV). 
Unlike ultraviolet, X-ray, and gamma radiation, mmWave 
radiation is non-ionizing, and the main safety concern is 
heating of the eyes and skin caused by the absorption of 
mmWave energy in the human body [1][2][3]. The massive 
amount of raw bandwidth and potential 
multi-Gigabit-per-second (Gbps) data rates in the mmWave 
band make it a promising candidate for future broadband 
mobile communication networks [3][4]. The increasing 
investigations on mmWave applications and technologies, 
particularly on wireless devices, have stimulated interest in 
understanding how propagation of mmWaves impact the 
human body, as well as the inquiry of potential health effects 
related to mmWave exposures.   

MmWave devices should be evaluated to comply with 
government exposure guidelines before they are introduced to 
the consumer market. At frequencies below 6 GHz for the  

 

 
Federal Communications Commission (FCC) or 10 GHz for 
the International Commission on Non-Ionizing Radiation 
Protection (ICNIRP), the specific absorption rate (SAR) is 
used as a metric for exposure compliance determination. 
However, at higher frequencies, energy absorption is 
increasingly confined to the surface layers of the skin, and it 
is difficult to define a meaningful volume for SAR evaluation. 
Thus, power density (PD), rather than SAR, is currently 
preferred in determining compliance at above 6 GHz (FCC) 
or 10 GHz (ICNIRP) [1][2][3].  

The ICNIRP specifies basic restrictions on PD to be 10 
W/m2 and 50 W/m2 for the general public, and the 
occupational group, respectively, for frequencies between 10 
and 300 GHz [1]. The limit values are to be averaged over any 
20 cm2 of exposed area and any 68/𝑓1.05  minutes period 
(where f is in GHz), while the spatial peak power densities 
averaged over 1 cm2 should not exceed 20 times the given 
limits, which are 200 W/m2 and 1000 W/m2, respectively.   

The FCC adopts maximum permissible exposure (MPE) in 
terms of PD for frequencies between 6 and 100 GHz [5]. The 
numerical values of the FCC PD restrictions are also 10 W/m2 
and 50 W/m2 for the general public, and occupational group, 
respectively, while the exposure area to be averaged for the 
FCC is equivalent to the vertical cross section of the human 
body (projected area) at a distance no closer than 20 cm from 
the field source. The averaging time is 6 minutes for 
occupational exposures, and 30 minutes for general 
population exposures.  

Regarding localized peak power density, FCC OET 
Bulletin No.65 [6] states that “although the FCC did not 
explicitly adopt limits for peak power density, guidance on 
these types of exposure can be found in Section 4.4 of the 
ANSI/IEEE C95.1-1992 standard.” The ANSI/IEEE 
C95.1-1992 standard specifies relaxation of PD limits for 
exposure of all parts of the body except the eyes and the testes 
[7]. For frequencies between 3 and 15 GHz, the averaging 
time is 90,000/f (where f is in MHz), and for frequencies 
between 15 and 300 GHz, the appropriate averaging time is 
616,000/f1.2 minutes (where f is in MHz). For 
occupational/controlled exposures, the peak power density 
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propagation of tHz irradiation 
energy through aqueous layers: 
Demolition of actin filaments in 
living cells
Shota Yamazaki1 ✉, Masahiko Harata2, Yuya Ueno2, Masaaki tsubouchi3, Keiji Konagaya4, 
Yuichi ogawa4, Goro isoyama5, chiko otani1 & Hiromichi Hoshina1 ✉

The effect of terahertz (THz) radiation on deep tissues of human body has been considered negligible 
due to strong absorption by water molecules. However, we observed that the energy of tHz pulses 
transmits a millimeter thick in the aqueous solution, possibly as a shockwave, and demolishes actin 
filaments. Collapse of actin filament induced by THz irradiation was also observed in the living cells 
under an aqueous medium. We also confirmed that the viability of the cell was not affected under the 
exposure of tHz pulses. the potential of tHz waves as an invasive method to alter protein structure in 
the living cells is demonstrated.

Due to the development of terahertz (THz) light sources, industrial and medical applications have been proposed 
in this decades. Also, toxicity of THz radiation for human health has attracted keen interest among research-
ers working in this frequency region1. Two projects, the European THz-BRIDGE and the International EMF 
project in the SCENIHR2, summarize recent studies about THz radiation effects for human body. For example, 
non-thermal impacts on DNA stability3–5 was induced by THz wave, which could cause chromosomal aberrations 
in human lymphocytes6. The transcriptional activation of wound-responsive genes in mouse skin7 and DNA 
damage in an artific al human 3D skin tissue model8 have also been demonstrated. Most of those studies focus on 
epithelial and corneal cell lines, because THz photons are totally absorbed at the surface of the tissues due to the 
intense absorbance of liquid water in this frequency region.

However, if the THz radiation is converted to the other type of energy fl w which can propagate into water, 
irradiation of THz wave may cause damage inside the tissues. In fact, the THz photon energy is once absorbed on 
the body surface, and converted to the thermal and mechanical energies. We recently observed that THz pulses 
generate shockwaves at the surface of liquid water9. The generated shockwaves propagate several millimeters in 
depth. Similar phenomena may occur at the human body. The THz-induced shockwaves may induce mechanical 
stress to the biomolecules and change their morphology. Such indirect effects of the THz irradiation have not 
been investigated.

To reveal the effect of THz-induced shockwaves to the biological molecules, we focused on morphology of 
the actin proteins. Actin has two functional forms, monomeric globular (G)-actin and polymerized filamentous 
(F)-actin. The actin filament forms the elaborate cytoskeleton network, which plays crucial roles in cell shape, 
motility, and division10. One advantage of using actin is that we can easily obtain enough purifi d G-actin from 
tissues11 to reconstruct polymerization reactions in vitro. Actin filaments can be directly observed by fluores-
cence microscopy by staining with silicon-rhodamine (SiR)-actin12. Because actin has pivotal roles in normal 
and pathological cell function, including transcriptional regulation, DNA repair, cancer cell metastasis, and gene 
reprogramming13–16, various chemical compounds and regulatory proteins have been analyzed for research and 
therapeutic purposes17. In this study, we investigated the effect of THz-induced shockwaves on actin filaments 
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A B S T R A C T

Epidemiology studies (case-control, cohort, time trend and case studies) published since the International
Agency for Research on Cancer (IARC) 2011 categorization of radiofrequency radiation (RFR) from mobile
phones and other wireless devices as a possible human carcinogen (Group 2B) are reviewed and summarized.
Glioma is an important human cancer found to be associated with RFR in 9 case-control studies conducted in
Sweden and France, as well as in some other countries. Increasing glioma incidence trends have been reported in
the UK and other countries. Non-malignant endpoints linked include acoustic neuroma (vestibular Schwannoma)
and meningioma. Because they allow more detailed consideration of exposure, case-control studies can be su-
perior to cohort studies or other methods in evaluating potential risks for brain cancer. When considered with
recent animal experimental evidence, the recent epidemiological studies strengthen and support the conclusion
that RFR should be categorized as carcinogenic to humans (IARC Group 1). Opportunistic epidemiological
studies are proposed that can be carried out through cross-sectional analyses of high, medium, and low mobile
phone users with respect to hearing, vision, memory, reaction time, and other indicators that can easily be
assessed through standardized computer-based tests. As exposure data are not uniformly available, billing re-
cords should be used whenever available to corroborate reported exposures.

1. Introduction

With rapidly increasing applications for wireless devices targeting
populations of all ages, exposures to the associated radiofrequency ra-
diation (RFR) are increasing in number and diversity. Radiation sources
include communications devices such as mobile (cell) or cordless
phones, laptops and tablets, baby monitors, wearable devices and as-
sociated infrastructure (e.g. routers, antennae on towers, and dis-
tributed antennae systems (DAS) that can employ directional couplers
or wireless amplifiers to enhance accessibility). Thus, the technology
entails direct and growing personal exposures to an expanding array of
wireless transmitting devices (WTDs).

In 2011, a Working Group of the World Health Organization's
International Agency for Research on Cancer (IARC) classified RFR as a

possible human carcinogen (Group 2B) (IARC, 2013). In this paper we
review the human epidemiology and some other relevant studies pub-
lished since the IARC Working Group meeting.

1.1. Wireless phone types

The principal sources of exposure of humans to RFR are cell and
cordless phones. The radiated power and technologies for cell phones
have evolved over the years, as summarized in Table 1 (Hardell and
Carlberg, 2015).

2. Case-control studies; glioma

Aydin et al. (2011) reported the results of CEFALO, a multicenter

https://doi.org/10.1016/j.envres.2018.06.043
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Abstract. Exposure of animals/biological samples to 
human‑made electromagnetic fields (EMFs), especially in the 
extremely low frequency (ELF) band, and the microwave/radio 
frequency (RF) band which is always combined with ELF, 
may lead to DNA damage. DNA damage is connected with 
cell death, infertility and other pathologies, including cancer. 
ELF exposure from high‑voltage power lines and complex 
RF exposure from wireless communication antennas/devices 
are linked to increased cancer risk. Almost all human‑made 
RF EMFs include ELF components in the form of modulation, 
pulsing and random variability. Thus, in addition to polariza‑
tion and coherence, the existence of ELFs is a common feature 
of almost all human‑made EMFs. The present study reviews 
the DNA damage and related effects induced by human‑made 

EMFs. The ion forced‑oscillation mechanism for irregular 
gating of voltage‑gated ion channels on cell membranes by 
polarized/coherent EMFs is extensively described. Dysfunction 
of ion channels disrupts intracellular ionic concentrations, 
which determine the cell's electrochemical balance and 
homeostasis. The present study shows how this can result in 
DNA damage through reactive oxygen species/free radical 
overproduction. Thus, a complete picture is provided of how 
human‑made EMF exposure may indeed lead to DNA damage 
and related pathologies, including cancer. Moreover, it is 
suggested that the non‑thermal biological effects attributed to 
RF EMFs are actually due to their ELF components.

Contents

1. Introduction
2.  Biophysical action of polarized/coherent EMFs resulting 

in voltage‑gated ion channel (VGIC) dysfunction and 
disruption of cell electrochemical balance

3.  Biochemical processes activated by irregular gating of 
VGICs, leading to DNA damage

4. Discussion

1. Introduction

Experimental and epidemiological findings connecting 
exposure of living organisms to ELF and complex RF 
human‑made EMFs with genetic damage, infertility and 
cancer. There is a plethora of experimental findings connecting 
the in vivo or in vitro exposure of experimental animals or 
cells to extremely low frequency (ELF) (3‑3000 Hz) or 
radio‑frequency (RF)/microwave (300 kHz‑300 GHz) electro‑
magnetic fields (EMFs), with genetic damage/alterations 
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A B S T R A C T

The popularity, widespread use and increasing dependency on wireless technologies has spawned a tele-
communications industrial revolution with increasing public exposure to broader and higher frequencies of the
electromagnetic spectrum to transmit data through a variety of devices and infrastructure. On the horizon, a new
generation of even shorter high frequency 5G wavelengths is being proposed to power the Internet of Things
(IoT). The IoT promises us convenient and easy lifestyles with a massive 5G interconnected telecommunications
network, however, the expansion of broadband with shorter wavelength radiofrequency radiation highlights the
concern that health and safety issues remain unknown. Controversy continues with regards to harm from current
2G, 3G and 4G wireless technologies. 5G technologies are far less studied for human or environmental effects.

It is argued that the addition of this added high frequency 5G radiation to an already complex mix of lower
frequencies, will contribute to a negative public health outcome both from both physical and mental health
perspectives.

Radiofrequency radiation (RF) is increasingly being recognized as a new form of environmental pollution.
Like other common toxic exposures, the effects of radiofrequency electromagnetic radiation (RF EMR) will be
problematic if not impossible to sort out epidemiologically as there no longer remains an unexposed control
group. This is especially important considering these effects are likely magnified by synergistic toxic exposures
and other common health risk behaviors. Effects can also be non-linear. Because this is the first generation to
have cradle-to-grave lifespan exposure to this level of man-made microwave (RF EMR) radiofrequencies, it will
be years or decades before the true health consequences are known. Precaution in the roll out of this new
technology is strongly indicated.

This article will review relevant electromagnetic frequencies, exposure standards and current scientific lit-
erature on the health implications of 2G, 3G, 4G exposure, including some of the available literature on 5G
frequencies. The question of what constitutes a public health issue will be raised, as well as the need for a
precautionary approach in advancing new wireless technologies.

1. Introduction

The adoption of new 5G technology promises to give the public a
transformative communication network with an explosion of speed,
volume of data and number of devices with unlimited computing in-
stantly to anyone in the world. High tech companies are already mar-
keting the Internet of Things to businesses, healthcare systems, schools
and the public. The promise to connect our phones and appliances, will
virtually eliminate many day-to-day household and business functions
including driving. This will, according to industry, create a superior,
connected society and unprecedented economic growth. What is
missing in this discussion is the maturing literature on adverse

biological, physiological, and psychological health effects of the 2G, 3G,
and 4G radiofrequencies we are already exposed to, in addition to in-
dications from the scientific literature that 5G frequencies could also be
hazardous.

Many important but unanswered questions merit serious con-
sideration. Is the widespread deployment of this pervasive higher fre-
quency small cell distributed antennae system in our cities and on our
homes safe for humans and the environment? Will it add to the burden
of chronic disease that costs our nation, according to the CDC, an es-
timated 2.3 trillion dollars annually (CDC, 2017)? Are we already di-
gitally over connected, shrinking our gray matter and becoming a
dysfunctional addicted nation because of it (Weng et al., 2012)? How
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rats exposed from prenatal life until natural death to mobile phone
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A B S T R A C T

Background: In 2011, IARC classified radiofrequency radiation (RFR) as possible human carcinogen (Group 2B).
According to IARC, animals studies, as well as epidemiological ones, showed limited evidence of carcinogenicity.
In 2016, the NTP published the first results of its long-term bioassays on near field RFR, reporting increased
incidence of malignant glial tumors of the brain and heart Schwannoma in rats exposed to GSM – and CDMA –
modulated cell phone RFR. The tumors observed in the NTP study are of the type similar to the ones observed in
some epidemiological studies of cell phone users.
Objectives: The Ramazzini Institute (RI) performed a life-span carcinogenic study on Sprague-Dawley rats to
evaluate the carcinogenic effects of RFR in the situation of far field, reproducing the environmental exposure to
RFR generated by 1.8 GHz GSM antenna of the radio base stations of mobile phone. This is the largest long-term
study ever performed in rats on the health effects of RFR, including 2448 animals. In this article, we reported the
final results regarding brain and heart tumors.
Methods: Male and female Sprague-Dawley rats were exposed from prenatal life until natural death to a 1.8 GHz
GSM far field of 0, 5, 25, 50 V/m with a whole-body exposure for 19 h/day.
Results: A statistically significant increase in the incidence of heart Schwannomas was observed in treated male
rats at the highest dose (50 V/m). Furthermore, an increase in the incidence of heart Schwann cells hyperplasia
was observed in treated male and female rats at the highest dose (50 V/m), although this was not statistically
significant. An increase in the incidence of malignant glial tumors was observed in treated female rats at the
highest dose (50 V/m), although not statistically significant.
Conclusions: The RI findings on far field exposure to RFR are consistent with and reinforce the results of the NTP
study on near field exposure, as both reported an increase in the incidence of tumors of the brain and heart in
RFR-exposed Sprague-Dawley rats. These tumors are of the same histotype of those observed in some epide-
miological studies on cell phone users. These experimental studies provide sufficient evidence to call for the re-
evaluation of IARC conclusions regarding the carcinogenic potential of RFR in humans.

1. Introduction

Early warnings on the potential carcinogenic risks of mobile phone
radiofrequency radiation (RFR) raised in the early 2000 when, for the
first time, it was published that people using mobile phones had a
significant increased risk to develop vestibular Schwannoma and brain
tumors (Hardell et al., 2003, 2002). In 2011, the International Agency

for Research on Cancer (IARC) classified RFR as possible human car-
cinogen (Group 2B) based on limited evidence both in humans and
experimental animals (Baan et al., 2011; IARC, 2013). Two epidemio-
logical case-control studies resulted more informative for the IARC
evaluation, showing that the risk to develop brain tumors and vestib-
ular Schwannoma was increased in people with the highest cumulative
use of mobile phones, in people who had used mobile phones on the

https://doi.org/10.1016/j.envres.2018.01.037
Received 9 October 2017; Received in revised form 19 December 2017; Accepted 23 January 2018

⁎ Corresponding author.
E-mail address: belpoggif@ramazzini.it (F. Belpoggi).



Impact of radiofrequency radiation on DNA damage and antioxidants in
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ABSTRACT
Radiofrequency radiations (RFRs) emitted by mobile phone base stations have raised concerns on
its adverse impact on humans residing in the vicinity of mobile phone base stations. Therefore,
the present study was envisaged to evaluate the effect of RFR on the DNA damage and
antioxidant status in cultured human peripheral blood lymphocytes (HPBLs) of individuals residing
in the vicinity of mobile phone base stations and comparing it with healthy controls. The study
groups matched for various demographic data including age, gender, dietary pattern, smoking
habit, alcohol consumption, duration of mobile phone use and average daily mobile phone use.
The RF power density of the exposed individuals was significantly higher (p < 0.0001) when
compared to the control group. The HPBLs were cultured and the DNA damage was assessed by
cytokinesis blockedmicronucleus (MN) assay in the binucleate lymphocytes. The analyses of data from
the exposed group (n = 40), residing within a perimeter of 80 m of mobile base stations, showed
significantly (p < 0.0001) higher frequency of micronuclei when compared to the control group,
residing 300m away from themobile base station/s. The analysis of various antioxidants in the plasma
of exposed individuals revealed a significant attrition in glutathione (GSH) concentration (p < 0.01),
activities of catalase (CAT) (p < 0.001) and superoxide dismutase (SOD) (p < 0.001) and rise in lipid
peroxidation (LOO) when compared to controls. Multiple linear regression analyses revealed a sig-
nificant association among reduced GSH concentration (p < 0.05), CAT (p < 0.001) and SOD (p < 0.001)
activities and elevatedMN frequency (p < 0.001) and LOO (p < 0.001)with increasing RF power density.

ARTICLE HISTORY
Received 27 April 2017
Accepted 30 June 2017

KEYWORDS
Antioxidants; genotoxicity;
humans; micronucleus;
power density

Introduction

The mobile phone base stations are one of the essential
parts of mobile telecommunication as they transmit the
signals in the form of radiofrequency radiations (RFRs)
that are received by the mobile phones, acting as a two-
way radio, i.e. transceiver (Kwan-Hoong, 2005), generally
operating in the frequency range of 900 MHz to 1.9 GHz
(Levitt and Lai, 2010). The ever-increasing subscription of
mobile phones has led to a phenomenal increase in the
mobile phone base stations required to cater to the needs
of increasing demand of the mobile subscribers. For dec-
ades, there has been an increasing concern on the possible
adverse effects of RFR on humans living near mobile
phone base stations despite the fact that RFR spectrum
are of low frequency (ARPANSA, 2011). There has been a
link between the RFR exposures and several human health
disorders including cancer, diabetes, cardiovascular and
neurological diseases (Bortkiewicz et al., 2004; Eger et al.,
2004; Havas, 2013; Lerchl et al., 2015; Wolf and Wolf,
2004). The International Agency for Research on Cancer
(IARC, 2011) has classified RFR as a possible carcinogen

to humans (group 2B), based on the increased risk for
glioma, a malignant type of brain cancer associated with
wireless phone use (Hardell et al., 2013).

RFR may change the fidelity of DNA as the increased
incidence of cancer has been reported among those resid-
ing near mobile phone base stations (Abdel-Rassonl et al.,
2007; Bortkiewicz et al., 2004; Cherry, 2000; Eger et al.,
2004; Hardell et al., 1999; Hutter et al., 2006; Wolf and
Wolf, 2004). RFR emitted frommobile base stations is also
reported to increase the DNA strand breaks in lympho-
cytes ofmobile phone users and individuals residing in the
vicinity of a mobile base station/s (Gandhi and Anita,
2005; Gandhi et al., 2014). Exposure of human fibroblasts
and rat granulosa cells to RFR (1800 MHz, SAR 1.2 or 2
W/kg) has been reported to induce DNA single- and
double-strands breaks (Diem et al., 2005). Irreversible
DNA damage was also reported in cultured human lens
epithelial cells exposed to microwave generated by mobile
phones (Sun et al., 2006). The adverse health effects of
RFR are still debatable as many studies indicated above
have found a positive correlation between the DNA
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Exposure to RF EMF From Array Antennas
in 5G Mobile Communication Equipment
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ABSTRACT In this paper, radio-frequency (RF) electromagnetic field (EMF) exposure evaluations are
conducted in the frequency range 10–60 GHz for array antennas intended for user equipment (UE) and
low-power radio base stations in 5Gmobile communication systems. A systematic study based on numerical
power density simulations considering effects of frequency, array size, array topology, distance to exposed
part of human body, and beam steering range is presented whereby the maximum transmitted power
to comply with RF EMF exposure limits specified by the International Commission on Non-Ionizing
Radiation Protection, the US Federal Communications Commission, and the Institute of Electrical and
Electronics Engineers is determined. The maximum transmitted power is related to the maximum equivalent
isotropically radiated power to highlight the relevance of the output power restrictions for a communication
channel. A comparison between the simulation and measurement data is provided for a canonical monopole
antenna. For small distances, with the antennas transmitting directly toward the human body, it is found
that the maximum transmitted power is significantly below the UE power levels used in existing third
and fourth generation mobile communication systems. Results for other conceivable exposure scenarios
based on technical solutions that could allow for larger output power levels are also discussed. The obtained
results constitute valuable information for the design of future mobile communication systems and for the
standardization of EMF compliance assessment procedures of 5G devices and equipment.

INDEX TERMS 5G mobile communication, antenna arrays, beam steering, mobile device, mobile user
equipment, radio base station, RF EMF exposure.

I. INTRODUCTION
The total amount of mobile traffic is expected to increase
dramatically in the coming years [1]. The next generation of
wireless access systems (5G), set for commercial availability
around 2020 [2], is expected to constitute a key enabler for
the larger system capacity and higher data rates of the future.
Various research activities are currently ongoing to lay the
foundation for this new technology, see e.g. [3], [4], which
apart from mobile broadband will involve a range of different
use cases and challenging requirements on latency, security,
reliability, availability, energy performance, and device
cost [5]. In terms of spectrum, 5G systems will need to be
able to operate over a very wide frequency range from below
1 GHz up to and including millimeter wave (mmW) frequen-
cies [1]. The available spectrum above 10 GHz will be a key
component to fulfill long-term traffic demands and to enable
the very wide transmission bandwidths needed to provide the
desired multi-Gbps data rates in an efficient manner [5].

Products emitting radio-frequency (RF) electromagnetic
fields (EMF) need to be designed and tested to comply
with relevant regulatory requirements and limits on human
exposure to EMF [6]–[9]. The most widely adopted exposure
limits worldwide are the guidelines specified by the Interna-
tional Commission on Non-Ionizing Radiation (ICNIRP) [7]
in 1998. In the US, exposure limits specified by the Federal
Communications Commission (FCC) are applicable [9]. The
exposure limits published by the IEEE [10], [11] are of amore
recent date but has so far not been adopted in any national
regulations.

For the frequencies used by existing second, third, and
fourth generation (2G, 3G, and 4G) mobile communication
systems, basic restrictions on RF EMF exposure are specified
in terms of the specific absorption rate (SAR) to prevent,
with wide safety margins, from established adverse health
effects associated with excessive localized tissue heating and
whole-body heat stress [7], [9], [10]. At higher frequencies,
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Original Article

In recent years, tremendous developments in mobile 
phones have revolutionized the telecom industry by 
making telecommunication faster, economical, and more 
convenient (D’Silva, Swer, Anbalagan, & Bhargavan, 
2014). With the introduction of new applications and mul-
tifunctional technology in mobile phones, the telecom 
industry is appealing to both youth and adults. The usage 
of mobile phones has dramatically increased, which is 
considered as a basic tool in daily life (Al-Khlaiwi & 
Meo, 2004). Worldwide, the number of subscriptions of 
mobile phones is about 7.52 billion. This number is more 
than the worldwide population, as many users own more 
than one mobile phone (World Bank, 2018). The exten-
sive usage of cellular phones has led to the growing 
installation of mobile phone base station towers 

(MPBSTs) in crowded commercial and residential  
areas, which raises com munity concerns (Buckus et al., 
2017; Meo et al., 2015; Wiedemann, Freudenstein, F., 
Böhmert, Wiart, & Croft, 2017; Zhang et al., 2017; 
Figure 1).
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Mobile Phone Base Station Tower  
Settings Adjacent to School Buildings: 
Impact on Students’ Cognitive Health

Sultan Ayoub Meo, MBBS, PhD1, Mohammed Almahmoud, MBBS1,  
Qasem Alsultan, MBBS1, Nawaf Alotaibi, MBBS1, Ibrahim Alnajashi, MBBS1, 
and Waseem M. Hajjar, MD, FRCS2

Abstract
The use of mobile phones has remarkably increased and become a basic need of daily life. Increasing subscriptions 
of mobile phones boost the installation of mobile phone base station towers (MPBSTs) in crowded commercial and 
residential areas including near school buildings. This study investigated the impact of exposure to radiofrequency 
electromagnetic field (RF-EMF) radiation generated by MPBSTs on cognitive functions. Two hundred and seventeen 
volunteer male students aged between 13 and 16 registered from two different intermediate schools: 124 students 
were from School 1 and 93 students were from School 2. The MPBSTs were located within 200 m from the school 
buildings. In School 1, RF-EMF was 2.010 µW/cm2 with a frequency of 925 MHz and in School 2, RF-EMF was 10.021 
µW/cm2 with a frequency of 925 MHz. Students were exposed to EMFR for 6 hr a day, 5 days a week for a total 
period of 2 years. The Narda Safety Test Solution device SRM-3006 was used to measure RF-EMF in both schools, and 
cognitive functions tasks were measured by the Cambridge Neuropsychological Test Automated Battery (CANTAB). 
Significant impairment in Motor Screening Task (MOT; p = .03) and Spatial Working Memory (SWM) task (p = .04) 
was identified among the group of students who were exposed to high RF-EMF produced by MPBSTs. High exposure 
to RF-EMF produced by MPBSTs was associated with delayed fine and gross motor skills, spatial working memory, and 
attention in school adolescents compared to students who were exposed to low RF-EMF.
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To Whom It May Concern:

Dear Sirs/Madams:

I am Scientist Emeritus and Former Director of the National Institute of Environmental Health
Sciences and National Toxicology Program of the National Institutes of Health.  I am currently a
Scholar in Residence at the Nicholas School of the Environment at Duke University.

Wireless networks, cell towers and cell phones create radiofrequency radiation emissions.  U.S.
FCC limits for human exposure to radiofrequency were last reviewed in 1996 and based on the
assumption that heating is the only harmful effect.  Aware that the FCC’s 1996 limits lacked the
underpinning of solid scientific data regarding long term health effects, the FDA requested
large-scale studies by the National Toxicology Program (NTP) and in 2018 the NTP studies
found clear evidence of an association with cancer in male rats. Additionally, the NTP found
heart damage and DNA damage, despite the fact that the animals were carefully exposed to
non-heating RFR levels long assumed to be safe.  The Ramazzini Institute animal studies used
even lower RFR lower exposures to approximate cell tower emissions and also found increases
of the same tumor type. The NTP studies were carefully controlled to ensure exposures did not
significantly heat the animals. The animal study findings in combination with human studies
indicate adverse effects from non heating levels of radiofrequency.

I document the importance of the NTP findings of effects from non thermal exposures in my
declaration in an Amicus Brief for the case Environmental Health Trust et al v. the FCC. The
August 13, 2021 judgment ordered the FCC to address several issues including the health
implications of long term exposures.

A mounting body of published studies associates radiofrequency radiation with adverse
negative health effects. FCC limits need to be strengthened to protect the public, especially
children and vulnerable populations, from long term exposures.

Linda S. Birnbaum, PhD
Scientist Emeritus and Former Director
National Institute of Environmental Health Sciences and National Toxicology Program
Scholar in Residence, Duke University, Former President, Society of Toxicology
Adjunct Professor, Yale University and UNC, Chapel Hill, Visiting Professor, Queensland
University (Australia)

National Toxicology Program Radiofrequency Radiation
https://ntp.niehs.nih.gov/whatwestudy/topics/cellphones/index.html

Amicus Brief of Joe Sandri, August 5, 2020
https://ehtrust.org/wp-content/uploads/20-1025-Amicus-Brief-Joe-Sandri.pdf
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Human Exposure to RF Fields in 5G Downlink
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Abstract—While cellular communications in millimeter wave
(mmW) bands have been attracting significant research interest,
their potential harmful impacts on human health are not as
significantly studied. Prior research on human exposure to radio
frequency (RF) fields in a cellular communications system has
been focused on uplink only due to the closer physical contact
of a transmitter to a human body. However, this paper claims
the necessity of thorough investigation on human exposure to
downlink RF fields, as cellular systems deployed in mmW bands
will entail (i) deployment of more transmitters due to smaller
cell size and (ii) higher concentration of RF energy using a
highly directional antenna. In this paper, we present human
RF exposure levels in downlink of a Fifth Generation Wireless
Systems (5G). Our results show that 5G downlink RF fields
generate significantly higher power density (PD) and specific
absorption rate (SAR) than a current cellular system. This paper
also shows that SAR should also be taken into account for
determining human RF exposure in the mmW downlink.

Index Terms—5G; mmW; Downlink; Human RF exposure;
PD; SAR.

I. INTRODUCTION

It is acknowledged that exposure to RF has negative impacts
on human body. The rapid proliferation of mobile telecom-
munications has occurred amidst controversy over whether
the technology poses a risk to human health [1]. At mmW
frequencies where future mobile telecommunications systems
will likely operate, two changes that will likely occur have the
potential to increase the concern on exposure of human users
to RF fields. First, larger numbers of transmitters will operate.
More base stations (BSs) will be deployed due to proliferation
of small cells [2]-[4] and mobile devices accordingly. This
will increase chance of human exposure to RF fields. Second,
narrower beams will be used as a solution for the higher
attenuation in higher frequency bands [3]-[7]. Very small
wavelengths of mmW signals combined with advances in RF
circuits enable very large numbers of miniaturized antennas.
These multiple antenna systems can be used to form very high
gains. Such higher concentration of RF energy will increase
the potential to more deeply penetrate into a human body.

A. Related Work

This paper is motivated from the fact that prior work is not
enough to address such potential increase in threats.

1) Measurement of Human RF Exposure: Being aware of
the health hazards due to electromagnetic (EM) emissions in
mmW spectrum, international agencies such as the Federal
Communications Commission (FCC) [8] or the International

Commission on Non-Ionizing Radiation Protection (ICNIRP)
[9] set the maximum radiation allowed to be introduced in the
human body without causing any health concern. Possibilities
of skin cancer due to RF emissions at higher frequency spec-
trum are reported [10]. Heating due to EM exposure in mmW
is absorbed within the first few millimeters (mm) within the
human skin; for instance, the heat is absorbed within 0.41 mm
for 42.5 GHz [11]. The mmW induced burns are more likely to
be conventional burns as like as a person touching a hot object
as reported in [1]. The normal temperature for the skin outer
surface is typically around 30 to 35◦C. The pain detection
threshold temperature for human skin is approximately 43◦C
as reported and any temperature over that limit can produce
long-term injuries.

One problem is that the literature on the impact of cellular
communications on human health is not mature enough. The
three major quantities used to measure the intensity and effects
of RF exposure are SAR, PD, and the steady state or transient
temperature [12][13]. However, selection of an appropriate
metric evaluating the human RF exposure still remains con-
troversial. The FCC suggests PD as a metric measuring the
human exposure to RF fields generated by devices operating
at frequencies higher than 6 GHz [8], whereas a recent study
suggested that the PD standard is not efficient to determine the
health issues especially when devices are operating very close
to human body in mmW [14]. Therefore, this paper examines
the human RF exposure by using both PD and SAR.

2) Reduction of Human RF Exposure: Very few prior
studies in the literature paid attention to human RF exposure in
communications systems [1][14]-[17]. Propagation character-
istics at different mmW bands and their thermal effects were
investigated for discussion on health effects of RF exposure in
mmW radiation [14]. Emission reduction scheme and models
for SAR exposure constraints are studied in recent work
[15][16].

However, health impacts of mmW RF emissions in downlink
of a cellular communications system have not been studied so
far, which this paper targets to discuss.

B. Contributions

Three contributions of this paper can be highlighted and
distinguished from the prior art.

Firstly, this paper analyzes the human RF exposure in the
downlink. All the prior work studied an uplink only, while paid
almost no attention to suppression of RF fields generated by
access points (APs) and BSs in a 5G nor Release 9 network,
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Abstract: In the present paper, we presented the study of complaints on thirteen (13) different health 

symptoms faced by inhabitants living near mobile tower – Global System for Mobile Communication (GSM 

900 & 1800) and those inhabitants living in the area where there is no mobile tower. The study was 

conducted in fourteen different localities in Aizawl city and four different localities outside Aizawl city in 

the year 2014 & 2015. Questionnaires were conducted in all the localities. Power densities were measured 

in different places in all the localities. Health complaints between the localities were compared with that of 

the locality where there is no mobile tower. It was found that power density is much higher in the area 

where there is mobile tower than the area where there is no mobile tower. Questionnaire responses from all 

the localities were statistically analysed and compared by performing t-test. Out of the thirteen (13) 

different symptoms studied it was found that the comparisons are statistically significant with p < 0.05 in 

six symptoms. Significant Health complaints start to occur when average power density of the locality is 

more than 2.145 mW/m2. Women were statistically more affected (p < 0.05) than male. It was found that 

there was strong positive correlation between power density and health complaints with R2 value 0.853. 

 
Key words: Health symptoms, power density, RF radiation. 

 
 

1. Introduction 

The introduction in the 1990s of mobile phone using the digital Global System for Mobile Communication 

(GSM) bandwidths 900 and 1800 megahertz (MHz) and the subsequent introduction of the Universal 

Mobile Telecommunications System (UMTS) have led to widespread use of this technology. This 

development has raised public concerns and substantial controversy about the potential health effects of 

the radiofrequency electromagnetic field emissions of this technology [1]. It is believed that mobile phones 

produce RF energy of non-ionizing radiation which is too low to heat the body’s tissues, and hence is 

unlikely to have the same impact on human health as those produced by ionizing radiations such as X-rays 

[2].  A small portion of the population attributes non specific symptoms of ill health, such as sleep 

disturbance, headache, fatigue etc. Ref. [3] to exposure to electromagnetic fields. This phenomenon is 

described as electromagnetic hypersensitivity or ‘idiopathic environmental intolerance with attribution to 

electromagnetic fields [4]. Additionally, individuals who are hypersensitive to electromagnetic fields often 

claim to be able to perceive radiofrequency electromagnetic fields in their daily life [5]. With the significant 

increase in mobile phone usage, possible health risks related to RF exposure have become the subject of 

considerable attention [6]. 

People are generally exposed to mobile tower radiation under far-fields conditions, i.e. radiation from a 
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ABSTRACT
New fifth generation (5G) telecommunications systems, 
now being rolled out globally, have become the subject 
of a fierce controversy. Some health protection agencies 
and their scientific advisory committees have concluded 
that there is no conclusive scientific evidence of harm. 
Several recent reviews by independent scientists, 
however, suggest that there is significant uncertainty 
on this question, with rapidly emerging evidence 
of potentially harmful biological effects from radio 
frequency electromagnetic field (RF- EMF) exposures, at 
the levels 5G roll- out will entail. This essay identifies four 
relevant sources of scientific uncertainty and concern: 
(1) lack of clarity about precisely what technology is 
included in 5G; (2) a rapidly accumulating body of 
laboratory studies documenting disruptive in vitro and 
in vivo effects of RF- EMFs—but one with many gaps 
in it; (3) an almost total lack (as yet) of high- quality 
epidemiological studies of adverse human health 
effects from 5G EMF exposure specifically, but rapidly 
emerging epidemiological evidence of such effects from 
past generations of RF- EMF exposure; (4) persistent 
allegations that some national telecommunications 
regulatory authorities do not base their RF- EMF safety 
policies on the latest science, related to unmanaged 
conflicts of interest. The author, an experienced 
epidemiologist, concludes that one cannot dismiss the 
growing health concerns about RF- EMFs, especially in 
an era when higher population levels of exposure are 
occurring widely, due to the spatially dense transmitters 
which 5G systems require. Based on the precautionary 
principle, the author echoes the calls of others for 
a moratorium on the further roll- out of 5G systems 
globally, pending more conclusive research on their 
safety.

BACKGROUND
Fifth generation (5G) technology is being widely 
promoted by politicians, government officials, 
and private sector interests.1–3 They contend that 
its advent will bring clear economic and lifestyle 
benefits, through massive increases in wireless and 
mobile connectivity at home, work, school and 
in the community. Examples of these 5G benefits 
include driverless vehicles and ‘The Internet of 
Things’—automated and continuous communica-
tion between the machines in our daily lives.4 5 On 
the other hand, the public health response to this 
wave of communications innovation has become 
a sense of deep concern, related to widespread 
scientific uncertainties, as well as a lack of use of 
existing evidence, in the current international safety 
guidelines for 5G and related radio frequency 

electromagnetic field (RF- EMF) exposures.5–8 This 
commentary sets out the reasons for such concern.

WHAT IS 5G AND WHY IS IT DIFFERENT FROM 
PAST EMF EXPOSURES?
Developed over just the last decade, radio frequency 
(wireless) transmission systems in the 5G category 
are being rolled out throughout the world. These 
systems will massively increase the volume, speed 
and spatial reach of digital data transfer.4–6 The four 
successive previous generations (1G, 2G, 3G and 
4G) of wireless transmission systems were deployed 
initially for wireless and mobile phones (1980s and 
1990s), followed by WiFi (2000s), and then smart 
metres and the Internet of Things (2010s). Each 
successive generation of transmission systems has 
used higher frequencies of electromagnetic waves 
to carry ever- larger volumes of data, faster, in more 
ubiquitous locations. 5G is widely acknowledged 
to be a step change in this sequence, since it addi-
tionally uses much higher frequency (3 to 300 GHz) 
radio waves than in the past. 5G will also make use 
of very new—and thus relatively unevaluated, in 
terms of safety—supportive technology (including 
pulsing, beaming, phased arrays and massive input/
massive output (MIMO)—see below) to enable this 
higher data transmission capacity.4–6

However—unlike prior generations of wireless 
transmission systems—5G ultrahigh- frequency 
waves are easily interrupted by vegetation foliage 
(and building walls, often requiring additional 
signal boosting within each building). This inherent 
fragility of 5G high- frequency waves means that 
transmission boosting ‘cell’ antennae are gener-
ally required every 100–300 m or less—far more 
spatially dense than the miles- apart transmission 
masts required for older 2G, 3G and 4G technology 
using lower frequency waves.4–6

This dense transmission network is also required 
in order to achieve the ‘everywhere/anytime’ 
connectivity promised by 5G developers, and 
necessitated by new technology such as driverless 
cars, which must never be out of internet contact, 
for safety reasons. Critics of 5G agree6–8—but its 
supporters do not9 10—that the overall popula-
tion levels of exposure to RF- EMFs will be greatly 
increased by the 5G roll- out. One compelling argu-
ment for that view is the ‘inverse square law’ of 
EMF exposure: intensity varies as the inverse of the 
square of the distance from the emitting source.11 
With plans afoot internationally to put a 5G booster 
antenna on ‘every second or third lamp- post’, it is 
difficult to believe that overall population expo-
sures will not increase substantially. Existing 4G 
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systems can service up to 4000 radio frequency using devices 
per square kilometre; 5G systems will connect up to one million 
devices per square kilometre—greatly increasing the speed of 
data transfer (by a factor of 10) and the volume of data trans-
mitted (by a factor of 1000).6

THE CURRENT CONTROVERSY
International health protection agencies and their scientific 
advisory bodies have published several reviews over the last 
decade, of varying scientific quality, of the research evidence 
regarding potential adverse biological and health effects of 
RF- EMFs.5 12–15 These reviews—by Health Protection England,12 
the International Agency for Research on Cancer (IARC),13 
an Expert European Union (EU) Committee14 and the Inter-
national Commission on Non- Ionising Radiation Protection 
(ICNIRP)15—have, with one exception, not converged around 
a strong warning about such effects. IARC is the outlier in this 
respect, having determined in 2011 that EMFs are ‘possibly 
carcinogenic to humans’.13 Meanwhile, independent radiation 
and health scientists have published serious concerns about 
the current roll- out of 5G transmission systems.6–8 16–18 Their 
reasoning is twofold: (1) these systems have an unprecedented 
potential to create human and non- human RF- EMF exposures 
orders of magnitude more intense (eg, in terms of ‘power flux 
density’) than was the case only a few decades ago (16); (2) there 
is a remarkable dearth of evidence on the safety of 5G- specific 
EMF emissions, but a growing body of research suggestive of 
harms from other RF- EMF exposures, which have been studied 
for much longer.6–8 17 18

Moreover, a growing number of engineers, scientists, and 
doctors internationally have been calling on governments to raise 
their safety standards for RF- EMFs, commission more and better 
research, and hold off on further increases in public exposure, 
pending clearer evidence of safety.18–21 Some politicians have 
listened: France, Israel, Cyprus and Russia have banned WiFi 
in preschool and restricted its use in primary schools. Belgium 
has banned the sale of mobile phones to children under seven. 
In response to such concerns, several jurisdictions have recently 
blocked the installation of 5G antennae systems in their commu-
nities: Brussels, Florence, Rome, as well as Glastonbury, Frome 
and Totnes in the UK; and widespread anti- 5G campaigns are 
now emerging in Australia, North America and elsewhere.21

Some countries have lowered allowable RF- EMF exposure 
levels far below those permitted in the UK and USA. Powerwatch, 
a non- profit, independent organisation in the UK, has published 
comparisons of international recommendations on permitted 
maximum exposure levels to EMFs.22 Those comparisons show 
that the highest permitted RF- EMF exposures which are used 
globally, as the basis for national safety guidelines, are those 
used in the USA, the UK and most of the EU. These exposure 
limits are derived from the recommendations to WHO in 1998 
(recently updated, but essentially not changed, in March 2020) 
by the ICNIRP.15 These international comparisons show that 
the safety limit for RF- EMF exposure set by ICNIRP is 10- fold 
higher than that set by the next most liberal guidelines, found 
in Israel and India, and 100- or- more- fold higher than the limits 
set by other guidelines, spanning 14 EU jurisdictions as well as 
China. As discussed in detail below, one reason that ICNIRP’s 
permitted exposures are so high is that they are based solely on 
the acute thermogenic (heat- producing) effects of RF- EMF in 
animal tissues; this is unlike more conservative jurisdictions’ 
guidelines, which are based on a wider variety of biological and 
health effects documented in recent decades, including effects 

resulting from chronic rather than acute exposures, and effects 
not mediated by thermogenesis.

KEY CONTENTIOUS ISSUES AND SCIENTIFIC UNCERTAINTIES
Lack of clarity about precisely what sorts of EMFs will result 
from 5G roll-out
A striking feature of this public controversy is that various 
commentators—even those with advanced training in telecom-
munications physics and engineering—inconsistently refer to 
quite different specific technologies when they discuss the pros 
and cons of ‘5G’. American authors tend to state that the 5G 
system roll outs already underway in that part of the world are 
using very high- frequency (24–100 GHz)/short- wavelength RF 
transmission—so- called ‘millimetre range’ waves.6 However, 
some UK/EU industry websites9 state that ‘no new frequencies 
are required’ (at present) beyond those already in use in existing 
4G mobile networks, WiFi, smart metres. However, indepen-
dent authors commenting on current private sector plans in the 
EU, to extend 5G networks more widely in the future, tell a 
different story.23 24 These commentaries imply that the use of 
millimetre wave frequencies—about which we have very few 
conclusive studies of human health effects—is already planned 
and inevitable in the EU, and eventually globally, in order to 
accommodate anticipated consumer requirements—especially 
the ‘Internet of Things’ and driverless vehicles. Tellingly, the 
Guardian (one of the UK’s most respected newspapers) reported 
last year25 that UK lamp posts were becoming the subject of 
expensive legal battles, over ‘who can charge what’ for mounting 
5G booster cell antennae on them. Cash- strapped Local Coun-
cils had hoped to profit from such charges to telecom compa-
nies. These companies have taken local governments to court 
to block those charges. The USA provides a cautionary tale in 
this respect: nearly 25 years ago national legislation there took 
local authorities completely out of the telecommunications regu-
latory system, leaving local 5G installation and similar decisions 
entirely in the hands of central authorities—that is, the Federal 
Communications Commission.6

Equally inconsistently described in writings about 5G is the 
complex set of special signal modulations, pulses, polarisation, 
phased arrays and novel equipment designs—for example, 
‘massive MIMO antennas’—which represent the cutting edge 
technologies that accompany 5G system installation—many of 
them proprietary. As some commentators on potential health 
effects from such exposures have pointed out, it is highly likely 
that each of these many forms of transmission causes somewhat 
different biological effects—making sound, comprehensive and 
up- to- date research on those effects virtually impossible.5–7 26 27

In short, ‘5G systems’ is not a consistently defined term. This 
confusion has not helped clarify the health and safety issues 
surrounding 5G roll outs internationally.

An emerging preponderance of laboratory studies indicating 
RF-EMFs’ disruptive biological effects: with many knowledge 
gaps
The lack of a consistent definition of ‘5G’ matters enormously. 
This is clearly demonstrated in a sophisticated recent review of 
the laboratory science evidence of RF- EMF effects in diverse 
biological systems.26 That review shows that the existing scien-
tific literature on the biological effects of more recently devel-
oped technology is quite limited, in that there is hardly any 
study replication—the hallmark of reliable research. We often 
have only one extant study of any given biological effect of a 
specified combination of radio frequencies, modulation and 
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pulse patterns. The literature that does exist identifies remark-
ably heterogeneous biological effects, across hundreds of such 
specific RF- EMF exposure patterns. Furthermore, a compre-
hensive Canadian review of the same evidence states that some 
of the new RF- EMF technologies—such as innovations in radio 
frequency ‘pulsing,’ ‘polarisation’ and ‘modulation’—are so new 
that biological scientists have not been able to keep up—that 
is, no studies yet exist of these new technologies’ biological 
effects.27

These recent reviews of laboratory (ie, non- epidemiological) 
studies of the biological effects of RF- EMFs do identify diverse, 
multibody system effects, operating by a range of physicochemical 
pathways which are not mediated by thermogenesis.6 8 26 27 The 
reviewers document a growing body of evidence that RF- EMF 
exposures produce effects spanning reproductive/teratogenic, 
oncological, neuropsychiatric, skin, eye and immunological 
body systems. In addition, there are many fundamental effects 
at the subcellular level, in terms of oxidation, DNA alteration, 
gene expression and bacterial antibiotic resistance. Particularly 
striking is a 2018 study from Israel documenting the capacity 
of the sweat ducts in human skin to act as ‘helical antennae’ 
receptive to 5G frequencies of RF- EMF. When sweat ducts are 
exposed to these RF- EMFs, there are remote systemic effects, 
through the skin’s established capacity to secrete and send 
hormones and other signals to the entire body.28 This report 
alters one’s sense of the potential risks from such high frequency 
waves, since they have long been thought to be ‘inherently less 
dangerous’, because they are largely absorbed in the top few 
millimetres of exposed tissue (thus limiting any adverse effects, 
in theory, to the skin or eye).

Finally, it is instructive to look at the two widely cited NIH 
toxicological studies of specific EMFs’ effects on thousands of 
rodents,29 30 conducted by experienced and highly respected 
laboratory scientists at a world- leading institution. Since their 
publication in 2018, epidemiologists and other scientists have 
pointed out several methodological weaknesses in the conduct 
and analysis of these studies that make their unequivocal inter-
pretation almost impossible, particularly in terms of their rele-
vance to human health: excessive statistical inference testing of 
multiple (over 1000) hypotheses, without appropriate adjust-
ment of p values considered ‘statistically significant’; reporting 
of results ‘often ignoring statistical tests’; failure to explain major 
internal inconsistencies of findings across EMF doses, tumour 
types and rodent sexes; use of experimental EMF exposures far 
in excess of any known human ones; uncontrolled confounding 
by direct thermogenesis effects—the list goes on.31 32

In short, laboratory studies of EMF exposure are fraught with 
both internal and external validity issues, and cannot replace 
high- quality human epidemiological studies—though, as we will 
now discuss, these are also hard to come by.

Lack of conclusive human epidemiological studies of 
5G-specific health effects (but increasing epidemiological 
evidence of serious health effects from previous generations 
of RF-EMF exposures)
Canada’s most senior cancer epidemiologist, Miller et al have last 
year summarised the human epidemiological evidence33 linking 
human breast and brain tumours, male reproductive outcomes 
and child neurodevelopmental conditions to RF- EMF exposures 
resulting from the use of past generations of transmission systems. 
Critically, this evidence is not about exposure to the high radio 
frequency/short wavelength 5G systems. These systems are too 
newly deployed to have been extensively studied, especially by 

the highest- quality epidemiological study designs for establishing 
evidence of causation: prospective cohort studies. Such studies 
typically require decades of follow- up to detect delayed health 
effects, such as most cancers.

Miller et al find compelling evidence of carcinogenesis, espe-
cially in the brain and acoustic nerve, as well as the breast, from 
strong RF- EMF exposures to previous generations of mobile 
phone transmissions. Perhaps the most convincing evidence 
they cite comes from the oldest and most- often- maligned 
study design—case reports. While admittedly old- fashioned, 
case reports can, when they involve pathognomonic effects (ie, 
pathological features absolutely specific to a particular expo-
sure) provide useful evidence of exposure/outcome specifici-
ty—a valuable but often unobtainable epidemiological criterion 
for inferring causation, according to the standard epidemi-
ological criteria first enunciated by Sir Austin Bradford Hill 
over 50 years ago.34 35 Strikingly localised breast tumours, of 
unusual morphology, have been diagnosed in several women 
with particularly strong exposures to previous generations of 
mobile phones: they habitually placed their phones in their bras, 
on the same side of the body where the tumour has developed. 
Miller et al call for an urgent update of the last (2011) review 
of EMFs and cancer by the International Agency for Research 
on Cancer.13 They predict that such an update would now rate 
RF- EMFs as, at minimum, ‘probable’ (not merely ‘possible’ as in 
2011) carcinogens, based on current evidence.

Persistent allegations of unscientific bases for existing health 
protection guidelines on RF-EMFs and unmanaged conflicts of 
interest on expert advisory panels
A senior epidemiologist from Sweden, Hardell, has repeatedly 
published in peer- reviewed journals detailed allegations regarding 
the main WHO scientific advisory body on EMF health effects 
and safety—the previously mentioned ICNIRP. Hardell contends 
that ICNIRP’s membership includes over- representation of 
vested interests, especially the giant multinational telecommu-
nications firms who are heavily invested in the roll out of 5G 
systems internationally.36 37 ICNIRP has long been influential in 
EMF regulation: its scientific recommendations to WHO were 
first issued in 1998, updated in 2009, and revised and updated 
again in March 2020.15 Hardell points out that ICNIRP’s pro- 
industry bias may explain its continued reliance only on studies of 
the thermogenic (heat- producing) effect of RF- EMFs in biolog-
ical tissues: these studies would be expected to paint an overly 
benign picture of RF- EMF safety. This narrow ICNIRP focus 
flies in the face of published reviews by independent scientists (6, 
8, 13, 26, 27) citing compelling research evidence, accumulating 
steadily over the last few decades, of non- thermogenic adverse 
effects of RF- EMFs, affecting diverse human and animal subcel-
lular function, tissues and organ systems (see above). In detailed, 
almost lawyer- like publications,36 37 Hardell fastidiously docu-
ments the ICNIRP’s 20 years of dogged defiance, in the face of 
widespread criticism by other scientists, that the scientific base 
for their recommendations remains dated and narrow, rendering 
their guidelines on ‘safe’ RF- EMF exposure unsafe.

The most damning evidence adduced by Hardell is a table of 
the cross- appointments held by six members of the WHO Mono-
graph Group, across five major international advisory panels 
on the health effects of non- ionising radiation [36 – page 408]. 
Hardell also describes these scientists’ strong personal links to 
the telecommunications industry, a situation likely arising from 
the fact that the ICNIRP itself is a ‘private organisation (non- 
governmental organisation; NGO) based in Germany. New 
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expert members can only be elected by members of ICNIRP.’ 
Hardell contrasts the ICNIRP’s reports to the publications of the 
‘BioInitiative 2012’38 group, of nearly 30 international experts 
in this field, whose operations are not only wholly independent 
of any such ‘vested interests,’ but also entirely transparent. The 
current version (March 2020) of the BioInitiative 2012 website38 
provides detailed descriptions of 988 peer- reviewed scientific 
studies of adverse potential health and biological effects of 
EMFs arising from RF and similar non- ionising sources. The 
vast majority (84.6%) of these 988 studies document disruptive 
biological effects from such EMFs, almost all of them oper-
ating via non- thermogenic pathways. (This writer would have 
preferred to see more ‘critical appraisal’ of the quality of the 
studies than the BioInitiative 2012 website provides. However, 
the major effort entailed in assembling this massive body of 
scientific evidence, and updating it regularly since 2012, is 
impressive).

Finally, Carpenter has recently published a well- researched 
analysis of how source of funding correlates with study find-
ings, across many peer- reviewed publications over the last few 
decades, of the relationship between various kinds of EMF expo-
sure and several cancers.39 He shows convincingly that studies 
funded by private sector entities, with strong vested interests in 
maintaining their current use of the sources of EMFs under study, 
tend to find no association—whereas studies funded by public 
sector or independent sources find the opposite. As Carpenter 
points out, this suggests that many systematic reviews and meta- 
analyses in this field, having failed to correct for this ‘source of 
funding bias,’ likely underestimated the evidence for causation.

CONCLUSIONS AND RECOMMENDATION
In assessing causal evidence in environmental epidemiology, 
Bradford Hill himself pointed out that ‘the whole picture 
matters;’ he argued against prioritising any subset of his famous 
nine criteria for causation. One’s overall assessment of the likeli-
hood that an exposure causes a health condition should take into 
account a wide variety of evidence, including ‘biological plausi-
bility’.34 35 After reviewing the evidence cited above, the writer, 
an experienced physician- epidemiologist, is convinced that 
RF- EMFs may well have serious human health effects. While 
there is also increasing scientific evidence for RF- EMF effects 
of ecological concern in other species,6–8 16–18 23 both plant and 
animal, these have not been reviewed here, for reasons of space 
and the author’s disciplinary limitations. In addition, there is 
convincing evidence, cited above, that several nations’ regula-
tory apparatus, for telecommunications innovations such as the 
5G roll- out, is not fit for purpose. Indeed, significant elements in 
that apparatus appear to have been captured by vested interests. 
Every society’s public health—and especially the health of those 
most likely to be susceptible to the hazard in question (in the case 
of EMFs, children and pregnant women)—needs to be protected 
by evidence- based regulations, free from significant bias.

Finally, this commentary would be remiss if it did not mention 
a widely circulating conspiracy theory, suggesting that 5G and 
related EMF exposures somehow contributed to the creation or 
spread of the current COVID-19 pandemic. There are knowl-
edgeable commentators’ reports on the web debunking this 
theory, and no respectable scientist or publication has backed 
it.40 41 Indeed, combatting it is widely viewed by the scien-
tific community as critical to dealing with the pandemic, as 
conspiracy theorists holding this view have already carried out 
violent attacks on mobile phone transmission facilities and other 
symbolic targets, distracting the public and authorities at a time 

when pandemic control actions are paramount.42 This writer 
completely supports that view of the broader scientific commu-
nity: the theory that 5G and related EMFs have contributed to 
the pandemic is baseless.

It follows that, for the current 5G roll- out, there is a sound 
basis for invoking ‘the precautionary principle’.43 This is the 
environmental and occupation health principle by which signifi-
cant doubt about the safety of a new and potentially widespread 
human exposure should be a reason to call a moratorium on 
that exposure, pending adequate scientific investigation of its 
suspected adverse health effects. In short, one should ‘err on the 
side of caution’. In the case of 5G transmission systems, there is 
no compelling public health or safety rationale for their rapid 
deployment. The main gains being promised are either economic 
(for some parties only, not necessarily with widely distributed 
financial benefits across the population) or related to increased 
consumer convenience. Until we know more about what we are 
getting into, from a health and ecological point of view, those 
putative gains need to wait.
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hormone profiles?
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Objectives: This study is concerned with assessing the role of exposure to radio frequency radiation (RFR)
emitted either from mobiles or base stations and its relations with human's hormone profiles.

Design and methods: All volunteers' samples were collected for hormonal analysis.
Results: This study showed significant decrease in volunteers' ACTH, cortisol, thyroid hormones, prolactin

for young females, and testosterone levels.
Conclusion: The present study revealed that high RFR effects on pituitary–adrenal axis.
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Because of the increase in the usage of wireless communication
devices of mobile phones in recent years, there is an anxious concern
on the possible hazardous effects of prolonged exposure to radio fre-
quency radiation (RFR) [1]. In considering the biological effects of
RFR, the intensity and frequency of the radiation and exposure dura-
tion are important determinants of the responses.

It has been reported that exposure to RFR could affect the nervous
system [2]. Hardell et al. found that cell phone users had an increased
risk of malignant gliomas [3]. Subjecting human spermatozoa to RFR
showed decrease in sperms motility and vitality and increase in
DNA fragmentation [4]. The authors hypothesize that the high spo-
radic incidence of the clinical symptoms of the autoimmune multiple
Sclerosis disease [5] may be a result of long exposure to RFR from
mobiles.

This study is concerned with assessing the effect of RFR emitted
from mobile phones and base stations on human hormone profiles,
with anticipation to offer recommendations to assure health care
and safety for humans continuously exposed to radio frequency
radiation.
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Design and methods

Study subjects

This study was conducted for 6 years on 82 mobile phone volun-
teers with age ranges 14–22 years (n=41) and 25–60 years
(n=41). Those users were divided into three subgroups according
to the time of their exposure to RFR: (weak n=19), (moderate
n=9), and (strong n=13) per day, in addition to 20 negative control
subjects.

On the other hand, volunteers exposed to RFR emitted from base
stations (n=34) were selected with age ranges 14–22 years
(n=17), and 25–60 years (n=17) and living at distances 20–100 m
and 100–500 m apart from the base station. Additional 10 subjects
of each age range living at a distance more than 500 m apart from
the base station were considered as negative control group.

The source of the RFR (base stations or mobile phones) was GSM-
950 MHz magnetic field and the ICNIRP-Guidelines for limiting expo-
sure to time-varying electric, magnetic, and electromagnetic field (up
to 300 GHz) (International Commission on Non-Ionizing Radiation
Protection). The present study was approved by the Ethics Committee
of National Research Centre.
72
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Volunteers inclusion criteria

Volunteers participated in the study fulfilled the following inclu-
sion criteria: age 14–60 years, mobile phone users, or living at dis-
tances 20–100 m and 100–500 m apart from the base station.
d by Elsevier Inc. All rights reserved.
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REVIEW

Threshold of radiofrequency electromagnetic field effect on human brain

Hiie Hinrikus , Jaanus Lass, and Maie Bachmann

Tallinn University of Technology, Tallinn, Estonia

ABSTRACT
Purpose: This review aims to estimate the threshold of radiofrequency electromagnetic field (RF
EMF) effects on human brain based on analyses of published research results. To clarify the thresh-
old of the RF EMF effects, two approaches have been applied: (1) the analyses of restrictions in
sensitivity for different steps of the physical model of low-level RF EMF mechanism and (2) the
analyses of experimental data to clarify the dependence of the RF EMF effect on exposure level
based on the results of published original neurophysiological and behavioral human studies for
15 years 2007–2021.
Conclusions: The analyses of the physical model of nonthermal mechanisms of RF EMF effect
leads to conclusion that no principal threshold of the effect can be determined. According to the
review of experimental data, the rate of detected RF EMF effects is 76.7% in resting EEG studies,
41.7% in sleep EEG and 38.5% in behavioral studies. The changes in EEG probably appear earlier
than alterations in behavior become evident. The lowest level of RF EMF at which the effect in
EEG was detected is 2.45 V/m (SAR ¼ 0.003W/kg). There is a preliminary indication that the
dependence of the effect on the level of exposure follows rather field strength than SAR altera-
tions. However, no sufficient data are available for clarifying linearity-nonlinearity of the depend-
ence of effect on the level of RF EMF. The finding that only part of people are sensitive to RF EMF
exposure can be related to immunity to radiation or hypersensitivity. The changes in EEG caused
by RF EMF appeared similar in the majority of analyzed studies and similar to these in depression.
The possible causal relationship between RF EMF effect and depression among young people is
highly important problem.
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Introduction

The world population has been exposed to man-made
coherent electromagnetic radiation, different from the nat-
ural radiation emitted by the Sun, over a very long period of
time without remarkable effects on health. The people are
adapted to the level of radio and TV broadcasting radiofre-
quency electromagnetic field (RF EMF) about 0.1 V/m.
During recent decades, the applications of mobile telecom-
munication technology have drastically changed the situ-
ation. The sources of RF EMF have moved closer to people
and the levels of exposure are much higher. The current
guidelines recommend health protection limits up to 61V/m
(ICNIRP 2020). Hundreds of studies have detected biological
RF EMF effects in humans, animals and cells at the levels of
exposure much less than existing health protection limits.
According to the Ericsson Mobility Report, the number of
mobile subscriptions by technology is over eight billion in
2020 (Ericsson Mobility Report 2020). This number is
higher than the world population. The wide applications of
RF EMF rise concern about possible consequences
on health.

The increased oxidative stress caused by RF EMF expos-
ure has been reported in many animal and cellular studies

(Schuermann and Mevissen 2021). The relevant consequen-
ces on health (genome stability, immune system, neurode-
generation, reproduction) are likely. The radiofrequency
electromagnetic field was classified as possibly carcinogenic
to humans (class 2B) by the International Agency for
Research on Cancer (IARC 2013).

The RF EMF effects on brain bioelectrical activity, cogni-
tion and behavior, not obligatory related to genome instabil-
ity, have been a topic of interest over the past decades. The
neurophysiological effects on humans have been detected in
many experimental studies but the results are controversial
(Valentini et al. 2007; Marino and Carruba 2009; Kwon and
H€am€al€ainen 2011). The large variations in applied methods,
different frequencies, levels of exposure and modulation
parameters cause high diversity of the effects and results.
The recent cohort study does not provide sufficient confirm-
ation about the correlation between more extensive use of
mobile phones and the reported symptoms nor sleep quality
(Auvinen et al. 2019; Tettamanti et al. 2020). It is compli-
cated to determine causal relationship between RF EMF bio-
logical effects and its health consequences due to diversity of
exposure conditions and numerous concomitant
other factors.
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Abstract—In a world where many overlapping 2G, 3G, and
4G electromagnetic radiation sources already exist, concerns
regarding the potential increase in these radiation levels following
the roll-out of 5G networks are growing. The deployment of 5G
is expected to increase power density levels drastically, given the
limitations of mmWave communications that impose a notably
higher number of base stations to cover a given area of interest.
In this paper, we propose a gradual deployment strategy of a
5G network for a small area in downtown Austin, Texas, using
the already existing 4G LTE sites of the area. The radiated
power density of the proposed 5G network is then analyzed
according to several electromagnetic field (EMF) exposure limits
and compared to the radiation levels of the same area where
only the LTE network is present. Simulation results for the
selected area demonstrate the significant increase in radiation
levels resulting from the addition of 5G cell towers.

Index Terms—5G, Network Planning, Radiation Analysis

I. INTRODUCTION

The notably large bandwidth available in the millimeter-
wave (mmWave) band and the potential multi-gigabit-per-
second (Gbps) data rates that can be achieved for future
communication services have made mmWave communications
a key part of Fifth Generation (5G) mobile networks. Despite
the promising advantages of millimeter wave communications
in terms of improved quality of service requirements, its usage
for the 5G wireless standards comes at significant costs. First,
working with such high frequencies will reduce coverage
ranges of base transceiver stations (BTS). For proper coverage
of an area, a densification of 5G BTSs is required to achieve
the same coverage provided for this same area by today’s
4G BTSs. Also, high propagation loss and increased signal
blockage occurs, motivating the introduction of multi-antenna
approaches such as Massive MIMO [1], [2].

This potential addition of a large number of transmitters
gives rise to another problem that needs to be considered,
which is the increase in radiation levels in the rolled-out
5G network. Although these transmissions are non-ionizing
radiations, they cause thermal heating at the eyes and skin
level. Extensive heating for long periods of time is when
adverse health effects may occur. These health concerns
have stimulated interest in the biological safety of mmWave
transmissions. In this respect, several exposure limits have
been specified in standards and regulations developed by

commissions and organizations that many governments will
rely on when future 5G networks are deployed. However, these
regulations have contradicting limits, many of which have
remained the same before the year 2000. Therefore, designing
a 5G network with radiation levels that complies with all the
safety limits is a difficult task given the current regulations.

Despite the ongoing standardization of 5G technology,
several works in the literature have presented 5G network
deployment studies. The cost and coverage implications of
deploying a 5G network in Britain has been presented in [3]
where it was shown that full coverage had exponentially rising
costs due to network densification. Additional 5G network de-
signs for different cities were presented in [4]–[6] without any
consideration for the constraints of electromagnetic radiations
or the implications of the environment in mmWave propaga-
tion. Network design has been studied under such radiation
constraints in [7], [8] but for 4G networks. Power density
assessment of 5G cellular nodes in an indoor environment has
been presented in [9] where results showed that the peak power
density remained below the specified threshold and can thus
be deemed safe for the general public. However, not all of the
guidelines and exposure limits were considered in this work
and the simulation did not represent a real-world scenario.

To the best of our knowledge, no work has provided a
thorough analysis of the deployment of 5G networks in terms
of its impact on the increase in radiation levels. Existing work
in the literature has either focused on the cost (e.g., [3]) or
radiation levels for older standards (e.g., [7]). To this end,
this paper presents a mmWave-based 5G network deployment
strategy given pre-existing LTE nodes in a small geographical
area in Austin, Texas. We then approximate the power density
levels that would be experienced in such outdoor environments
and analyze their variations and compliance with the specified
exposure limits for different transmission powers and transmit
antenna gains. We also compare this radiated power density
in the deployed 5G network to the power density levels of the
same area when only the pre-existing LTE BTSs are present.

The rest of this paper is organized as follows: Section II
presents the 5G simulation environment considered in this
work. The proposed deployment strategy of the 5G network in
a small area in downtown Austin, Texas is presented in Section
III. Radiation analysis of the deployed network is performed



in Section IV. Concluding remarks follow in Section V.

II. 5G ENVIRONMENT SETUP

A. Pathloss Model

The close-in free space reference distance (CI) path loss
model [10] is considered. It is defined by the following
equation:

PLCI(f, d)[dB] = FSPL(f, 1m) + 10n log10

(
d

d0

)
+XCI

σ

(1)
where the free space path loss (FSPL) for a frequency of

operation f is given by:

FSPL(f, 1m) = 20 log10

(
4πf

c

)
(2)

The CI path loss model can be rewritten as:

PLCI(f, d)[dB] = 20 log10

(
4πf

c

)
+10n log10

(
d

d0

)
+XCI

σ

(3)
where:
• n: is the single model parameter or the path loss exponent
• d0: is the reference distance taken as 1 meter
• d: is the distance in meters between the BTS and the

mobile station
• XCI

σ : a zero mean Gaussian random variable with stan-
dard deviation σ in dB. It represents large scale channel
fluctuations due to shadow fading (SF ). The standard
deviation of this random variable is given by:

σCI =
√∑

XCI2
σ /N

=
√

(PLCI − FSPL− n10 log10(d))/N

(4)
where N represents the number of measured path loss
data points

The values for parameters n and SF vary from one sce-
nario to another. Table I presents the values of these model
parameters in different environmental setups, which have been
obtained by ray tracing and measurements in [11].

TABLE I: CI Model parameters for different environments
[12]

Scenario CI Model Parameters
UMa-LOS n = 2.0, SF = 4.1 dB

UMa-NLOS n = 3.0, SF = 6.8 dB
UMi-S.C.-LOS n = 1.98, SF = 3.1 dB

UMi-S.C.-NLOS n = 3.19, SF = 8.2 dB
UMi-O.S.-LOS n = 1.85, SF = 4.2 dB

UMi-O.S.-NLOS n = 2.89, SF = 7.1 dB

UMa: denotes Urban Macrocell (Tx Heights > 25 m), UMi:
denotes Urban Microcell (Tx Heights < 25 m), LOS: denotes
line-of-sight, NLOS: denotes no line-of-sight, S.C.: denotes
Street Canyon, O.C.: denotes Open Square

B. mmWave Specific Attenuation Factors

In mmWave propagation, attenuation due to atmospheric
and weather conditions constitutes an important factor to con-
sider [13]. Specifically, we will consider oxygen attenuation
O(d) and rain attenuation R(d), which are both dependant
on the separation distance d. Oxygen attenuation has been
observed to be equal 16dB/km in [14], and hence can be
obtained by the following:

O(d)[dB] =
16d

1000
= 0.016d (5)

The rain attenuation factor depends on the climate of the
zone under study. The International Telecommunication Union
(ITU) have segmented these zones and provide measurements
for the rain rates of each zone [15]. Based on these measure-
ments and considering that the area under study in this paper
will be in Austin, Texas, the rain attenuation rate will be taken
to be 3.5 dB/Km. This loss can then be obtained using:

R(d)[dB] =
3.5d

1000
= 0.0035d (6)

C. Link Budget Estimation

The link budget equation upon which the cell radius will be
estimated can now be defined as:

PRx[dBm] = EIRP [dBm]−PLCI−O(d)−R(d)+GRx (7)

where PRx is the power received by the mobile station,
GRx is the antenna gain in dBi of the mobile station, and the
effective isotropic radiated power (EIRP) is given by:

EIRP [dBm] = PTx +GTx − LTx (8)

where PTx is the transmission power in dBm of the BTS,
GTx is the transmitting antenna gain in dBi, and LTx is the
cable loss in dB due to possible antenna mismatch. Table II
lists the values chosen for each parameter of the link budget
equation.

TABLE II: Simulation Parameters

Parameter Value
Frequency f 28 GHz
Max EIRP 43 dBm

Antenna Gain GTx 24 dBi
Transmission Power PTx 19 dBm

Receiver Antenna Gain GRx 0 dBi
Cable Losses LTx 0 dB

D. Identifying Cell Ranges

By using the link budget equation in (7) and considering the
simulation parameters given in Table II, the separation distance
can be found for several receiver sensitivities. The calculated
distance constitutes the cell range for a given BTS that
satisfies the received power requirement. These calculations
are summarized in Table III. A main observation is that the
resulting cell ranges become significantly smaller when the



receiver sensitivity is higher. Cell ranges that are too small
(below 10 meters) are not considered since such small ranges
are not desirable for real deployment.

III. NETWORK DEPLOYMENT

We now consider a small geographical area in downtown
Austin, Texas, to deploy the 5G network. A diagrammatic
view of our proposed strategy is shown in Fig. 1. The selected
area is shown in Fig. 2(a) and delimited in red on the map of
Fig. 2(b). This area already contains several locations where
LTE sites are already built and which will be the starting
points of the gradual 5G network deployment strategy. The
initial LTE cell tower locations are obtained from an online
cell tower database (www.opencellid.org). We consider a worst
case scenario where no line-of-sight components are available.

Install initial 5G BTSs in pre-existing LTE site 
locations

Identify coverage holes in the area after initial 
installations

Install 5G BTSs in large coverage holes

Install reduced-range 5G BTSs in medium coverage 
holes

Install 5G repeaters in small coverage holes 
between neighboring cells

Fig. 1: Gradual Deployment Strategy

The first step of deployment starts by building 5G BTSs
in the areas where LTE BTSs already exist, a technique
known as co-siting. The main aim of co-siting is to reduce
capital expenditures (CapEx) required to erect the 5G sites
and minimize the operational expenditures (OpEx) needed to
sustain their operation. UMa-NLOS towers will be placed in
these locations. The receiver sensitivity is considered to be
-78 dBm which, according to Table III, sets the cell range
of each UMa to be 53 meters. The coverage of the initial
BTSs installed is shown in Fig. 3, after slightly changing the
location of the BTS within the same area it is built on, which
may be any building rooftop, to lessen interference and provide
better coverage. It can be noticed that these initial cells do not
provide coverage to the whole area due to the small cell range
of each BTS. Theoretically, this range can be increased but
would demand the EIRP to be increased above the allowed
limit of 43 dBm, by increasing the transmission power and
selecting a higher-gain massive MIMO antenna configuration

The next step is the identification of coverage holes, as
shown in Fig. 4. Large coverage holes are can be noticed,
where several UMa towers can be distributed to provide good
coverage. Smaller coverage hole are also be identified. Some
of these holes are very small areas between neighboring cells
where 5G repeaters, such as the one described in [16], can
be placed to cover these small holes. Other small holes are
not small enough to be fixed merely by the placement of a
repeater, and are neither too big to place a BTS with a cell

(a)

(b)

Fig. 2: Geographical area of interest in Austin, Texas (a)
Satellite View (b) Map View

Fig. 3: Coverage of initial 5G BTSs built at the locations of
pre-existing LTE cell towers

range of 53 meters. In such locations, reduced-range towers
can be placed to provide coverage. The coverage range for
these towers can be shrinked by reducing transmission power
and choosing smaller MIMO antennas. We calculate the cell
range for the reduced-range BTS towers to be approximately
30 meters and estimate the coverage of the 5G repeater to be
15 meters. The final design of the deployed 5G network is
shown in Fig. 5. It can be observed that the deployment of a
5G network in an area as small as the one presented requires
a densification of cell towers and signal repeaters, which in
turn will cause much more radiation.



TABLE III: Calculated Cell Ranges for Several Receiver Sensitivities in Various Environments

Cell Range (meters) for EIRP = 43 dBm
Receiver

Sensitivity UMa-LOS UMa-NLOS UMi-S.C.-LOS UMi-S.C.-NLOS UMi-O.S.-LOS UMi-O.S.-NLOS

-78 dBm 302 53 334 38.5 385 60
-70 dBm 165 29.7 186 22.3 216 33
-65 dBm 105.5 22 120 15.7 139 22.5
-60 dBm 65 14.1 74.5 11 85 15.3
-55 dBm 38.5 × 44.5 × 55 ×
-50 dBm 22.6 × 26 × 27 ×
-47 dBm 16.2 × 18.6 × 20 ×

Fig. 4: Coverage holes identified after initial BTS installations

Fig. 5: Deployed 5G Network

IV. RADIATION ANALYSIS

A. Exposure Limits

Although mmWave radiation is non-ionizing, the absorption
of mmWave energy in the human body causes heating to the
skin and eyes. This has caused serious concerns in terms
of potential health risks that might come along with the
introduction of 5G networks [17]. For this reason, before
introducing mmWave devices into the market, they need to
comply to several exposure limits that have been specified in
several standards and specifications. The specific absorption
rate (SAR) has often been used as the metric to determine
exposure compliance. The SAR measures the amount of en-

ergy absorbed by the human body while using a mobile phone.
However, at high frequencies, this absorption is restricted to
the skin level and thus it would be difficult to use the SAR
as a measure for exposure limits at mmWave frequencies. The
power density (PD) measured in W/m2 has been the preferred
metric in the mmWave domain.

For the frequency range of 2 to 300 GHz, the IEEE C95.1-
2019 standard [18] specifies a limit power density value of 10
W/m2 in restricted environment and 50 W/m2 in unrestricted
environments. These correspond to an averaging time of
30 minutes. The International Commission on Non-Ionizing
Radiation Protection (ICNIRP) 2020 guidelines for limiting
exposure to electromagnetic fields [19] specify the general
public exposure limit at 10 W/m2 for frequencies between
2 and 300 GHz with the averaging time being 30 minutes.
Similar limits are specified by the Federal Communications
Commission (FCC) in [20] where a restriction of 10 W/m2

for the general public has been set. In contrast, the institute
for building biology and sustainability (IBN) in Germany have
specified the exposure limit to be less than 0.1 µW/m2 in their
2015 Standard of Building Biology Measurement Technique
(SBM-2015) [21], which is a million-fold lower than what is
specified by the aforementioned guidelines. This suggests that
negative health effects can occur at levels much lower than 10
W/m2. Finally, the Chinese ministry of health [22] have set
the power density exposure limit to 0.1 W/m2.

TABLE IV: General Public Power Density Restrictions for the
Frequency Range of 2 to 300 GHz

IEEE
C95.1-2019 ICNIRP FCC China SBM-2015

PD Limit
(W/m2) 10 10 10 0.1 10−6

B. Power Density Assessment

The power density PD radiated by a transmit antenna can
be expressed at a far-field distance d using the following:

PD =
GTxPTx
4πd2

(9)

The far-field distance is defined as the Fraunhofer distance
expressed by:

dfar−field =
2D2

λ
(10)



where D is the largest dimension of the antenna and λ is the
wavelength that corresponds to a frequency of operation. For
distances less than the far-field distance, the power density
cannot be computed using (9) and there would be a need
to resort to numerical modeling methods such as the finite
element method or finite-difference time domain.

C. Results

Fig. 6 shows the value of the power density for several
choices of transmission power and transmit antenna gain in the
distance range of 1 to 5 meters. For the proposed 5G network,
we considered a transmission power of 19 dBm and a transmit
antenna gain of 24 dBi. This corresponds to a value of 1.59
W/m2 at 1 meters which drops to 0.06 W/m2 at 5 meters.
These values comply with the limits set by IEEE, ICNIRP,
and FCC, since they are much lower than 10 W/m2, but do
not comply with SBM-2015 and Chinese Ministry of Health
regulations. Fig. 7 shows the variations of the power density
over the range of 20 to 50 meters. At 50 meters, which is at
proximity of the cell edge, the power density drops further to
6.35×10−4W/m2 which is still much higher than the limit of
the SBM-2015 guidelines. As shown in both Fig. 6 and Fig.
7, increasing the transmission power or choosing an antenna
with a higher gain leads to an increase in the radiated power
density. To comply with the limit set by China, the total EIRP
needs to be dropped to achieve a power density below 0.1
W/m2 which comes at the expense of a reduced cell range
(below 50 meters). This makes it more difficult to plan cost-
efficient 5G networks.
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Fig. 6: Power Densities for Several Transmission Powers and
Antenna Gains for the range of 1 to 5 meters

Cumulative Distribution Function (CDF) plots for the power
density levels experienced in both the pre-existing LTE net-
work and the newly deployed 5G network are shown in
Fig. 8. The additional radiations imposed by the 5G network
significantly increase the probability of being exposed to
power density levels of more than 0.5 W/m2 and that could
reach up to the range of 2 to 2.5 W/m2, while such power
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density levels were not experienced in the pre-existing LTE
network. This is why the CDF of the power density in the
pre-exisitng LTE network reaches the limiting factor of 1 for
a power density around 0.65 W/m2

Fig. 9 shows a heat-map representing the radiated power
by the LTE BTSs in the area under study before deploying
the 5G network, where a simplified path loss model [23] is
considered for an urban macrocell. In Fig. 10, a similar heat-
map is shown after the deployment of the 5G network. The
remarkable increase in radiation levels after integrating 5G
infrastructure with the original LTE network can be easily
observed through the predominance of the red color in the
heat map.

The presented results clearly show that the potential ra-
diation levels that will be reached upon the roll out of
5G networks do not comply with all of the aforementioned



exposure limits. This suggests that 5G mobile networks can
not yet be classified as safe for the public, and demands
serious considerations before using mmWave communications
for 5G networks, given the potential harms it could afflict on
the public. This paves the way to the consideration of hybrid
transmission techniques including traditional electromagnetic
waves, free-space optics and visible light communication
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Fig. 9: Power Density Map of the Initial LTE Network
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5G solutions targeted to limit the health risks and economic
barriers associated with this problem. This work can be
extended by developing an analytical framework to efficiently
rank and rate different cell allocation alternatives to minimize
the potential radiations given a carefully chosen list of key
performance indicators.
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Fig. 10: Power Density Map of the Deployed 5G Network

V. CONCLUSION

This paper presented an analysis of the radiation levels in a 
deployed 5G network in an urban outdoor environment. Under 
the constraints of exposure limits, several challenges face the 
design and planning of such radiation aware 5G networks. Cell 
ranges need to be reduced to comply with the maximum 
allowed radiated power, requiring the densification of small 
cells in small areas and making it more costly to deploy these 
radiation-aware 5G networks. Although in this work we 
considered the maximum allowed EIRP prior to network 
deployment, results showed power density levels that do not 
satisfy all the exposure limits set by several sources. In this 
regard, a positive impact can be imposed by radiation-aware 5G 
networks on several levels. On a governmental level, the 
exposure limits for the power density need to be revised using 
today’s data and approaches to bridge the gap between the 
thresholds specified by the different institutes and 
commissions. On a technological and scientific level, the 
radiation exposure constraint can open the door for innovative
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Abstract
The use of mobile phones has widely increased over the last two decades. Mobile phones produce a
radiofrequency electromagnetic field (RF-EMF), a form of non-ionizing radiation. In contrast to the ionizing
radiation proven to cause DNA damage, the harmful effects of non-ionizing radiation on the human body
have not been discovered yet. The thyroid gland is among the most susceptible organs to mobile phone
radiation due to its location in the anterior neck. Our purpose in this literature review is to explore the
effects of the electromagnetic field (EMF), especially radiofrequency emitted from mobile phones,
on thyroid hormones and thyroid gland histopathology. We searched PubMed and Google Scholar databases
for relevant studies published after the year 2000, using the following keywords: ‘cell phones', ‘mobile
phones', ‘telephones', ‘electromagnetic fields', ‘radiofrequency radiation', ‘microwaves', ‘thyroid gland',
‘thyroid hormones', and ‘thyroid cancer'. Our review revealed that mobile phone radiofrequency radiation
(RFR) might be associated with thyroid gland insufficiency and alterations in serum thyroid hormone levels,
with a possible disruption in the hypothalamic-pituitary-thyroid axis. The review also showed
histopathological changes in the thyroid gland follicles after exposure of rats to non-ionizing radiation. The
results were directly related to the amount and duration of exposure to EMF radiation. Further human
studies exploring thyroid gland hormones, microscopic morphology, and thyroid cancer are highly
recommended for future researches.

Categories: Endocrinology/Diabetes/Metabolism, Pathology, Radiology
Keywords: mobile phones, cell phones, electromagnetic field, radiofrequency, microwaves, low-frequency radiation,
thyroid hormones, thyroid gland, thyroid cancer

Introduction And Background
'I do not doubt in my mind that, at present, the greatest polluting element in the earth’s environment is the
proliferation of electromagnetic fields (EMFs),' said Dr. Robert O. Becker (1923 − 2008), a researcher from the
United States (US) in electromedicine and a Nobel Prize winner [1]. In 2021, mobile phone subscriptions
surpassed eight billion users worldwide, and the number is expected to increase to 8.8 billion by 2026 [2].
Mobile phones use EMFs with frequencies ranging from 450-3800 MHz [3]. The EMF comprises both an
electric field and a magnetic field; the electric field is produced between positive and negative electric
charges and, in contrast, a magnetic field can be generated by the movement of electrons, known as electric
current [4]. Electromagnetic waves are classified based on their frequencies, i.e., the number of cycles per
second, measured in Hertz (Hz) [4]. High-frequency EMFs (HF-EMFs), including gamma rays, X-rays, and
higher ultraviolet lights, are forms of ionizing radiation, therefore, capable of breaking the DNA bonds of
human cells [5].

Non-ionizing forms of radiation include lower frequencies on the electromagnetic spectrum and are not
proven to cause DNA damage directly (Figure 1 ). Examples of extremely low frequency-EMFs (ELF-EMF)
include electricity from power sockets at homes, power lines, and electrical devices such as hair dryers
[5]. Radiofrequency-EMF (RF-EMF) is also a subtype of non-ionizing radiation with frequencies ranging
from 30 kHz-300 GHz [6]. Radiofrequency-based technology has increased dramatically over the last few
decades; it includes mobile phones, computer monitors, tablets, radio and television broadcasting antenna
towers, wireless fidelity (Wi-Fi), radars, MRI, and microwave ovens [6].
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International Appeal: Scientists call for protection from 
non-ionizing electromagnetic field exposure

To: His Excellency Ban Ki-moon, Secretary-General of the United Nations; 
Honorable Dr. Margaret Chan, Director-General of the World Health Organization; Honorable Achim 
Steiner, Executive Director of the U.N. Environmental Programme; U.N. Member Nations

Summary. We are scientists engaged in the study of biological and health effects of non-ionizing electro-
magnetic fields (EMF). Based upon peer-reviewed, published research, we have serious concerns regarding 
the ubiquitous and increasing exposure to EMF generated by electric and wireless devices. These include–but 
are not limited to–radiofrequency radiation (RFR) emitting devices, such as cellular and cordless phones and 
their base stations, Wi-Fi, broadcast antennas, smart meters, and baby monitors as well as electric devices 
and infra-structures used in the delivery of electricity that generate extremely-low frequency electromagnetic 
field (ELF EMF).

EUR. J. ONCOL.; Vol. 20, n. 3/4, pp. 180-182, 2015                        © Mattioli 1885

Specific topics

Scientific basis for our common concerns

Numerous recent scientific publications have 
shown that EMF affects living organisms at levels 
well below most international and national guidelines. 

Effects include increased cancer risk, cellular stress, 
increase in harmful free radicals, genetic damages, 
structural and functional changes of the reproductive 
system, learning and memory deficits, neurological 
disorders, and negative impacts on general well-being 

An introduction to the International EMF Scientist Appeal

The current issue of the European Journal of Oncology contains a document the “International 
EMF Scientist Appeal” (EMFscientist.org) that addresses the concerns of 215 scientists from 40 nations 
about the adverse health effects on the human population exposed to non-ionizing electromagnetic fields 
(EMF) from extremely-low frequency to radiofrequency. The Appeal has been submitted to the United 
Nations, to two of its sub-agencies, the World Health Organization (WHO) and the United Nations 
Environmental Programme (UNEP), and to all UN Member Nations.

We note that the overall weight of evidence reported in peer-reviewed, scientific studies strongly 
supports greater precautionary measures be taken to reduce or eliminate EMF exposure.

Coordinating and Advisory Committee for the “International EMF Scientist Appeal” (Martin 
Blank, Magda Havas, Elizabeth Kelley, Henry Lai, and Joel Moskowitz). We can be reached through 
Elizabeth Kelley at info@EMFscientist.org. 
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in humans. Damage goes well beyond the human race, 
as there is growing evidence of harmful effects to both 
plant and animal life.  

These findings justify our appeal to the United 
Nations (UN) and, all member States in the world, to 
encourage the World Health Organization (WHO) to 
exert strong leadership in fostering the development 
of more protective EMF guidelines, encouraging pre-
cautionary measures, and educating the public about 
health risks, particularly risk to children and fetal de-
velopment.  By not taking action, the WHO is failing 
to fulfill its role as the preeminent international public 
health agency. 

Inadequate non-ionizing EMF international
guidelines 

The various agencies setting safety standards have 
failed to impose sufficient guidelines to protect the 
general public, particularly children who are more vul-
nerable to the effects of EMF. 

The International Commission on Non-Ion-
izing Radiation Protection (ICNIRP) established 
in 1998 the “Guidelines For Limiting Exposure To 
Time-Varying Electric, Magnetic, and Electromag-
netic Fields (up to 300 GHz)” (1). These guidelines 
are accepted by the WHO and numerous countries 
around the world. The WHO is calling for all na-
tions to adopt the ICNIRP guidelines to encourage 
international harmonization of standards. In 2009, 
the ICNIRP released a statement saying that it was 
reaffirming its 1998 guidelines, as in their opinion, 
the scientific literature published since that time 
“has provided no evidence of any adverse effects be-
low the basic restrictions and does not necessitate an 
immediate revision of its guidance on limiting ex-
posure to high frequency electromagnetic fields (2). 
ICNIRP continues to the present day to make these 
assertions, in spite of growing scientific evidence to 
the contrary. It is our opinion that, because the IC-
NIRP guidelines do not cover long-term exposure 
and low-intensity effects, they are insufficient to 
protect public health. 

The WHO adopted the International Agency for 
Research on Cancer (IARC) classification of extreme-

ly low frequency electromagnetic field (ELF EMF) 
in 2002 (3) and radiofrequency radiation (RFR) in 
2011 (4). This classification states that EMF is a pos-
sible human carcinogen (Group 2B). Despite both IARC 
findings, the WHO continues to maintain that there 
is insufficient evidence to justify lowering these quan-
titative exposure limits.

Since there is controversy about a rationale for 
setting standards to avoid adverse health effects, we 
recommend that the United Nations Environmental 
Programme  (UNEP) convene and fund an indepen-
dent multidisciplinary committee to explore the pros 
and cons of alternatives to current practices that could 
substantially lower human exposures to RF and ELF 
fields. The deliberations of this group should be con-
ducted in a transparent and impartial way. Although 
it is essential that industry be involved and cooperate 
in this process, industry should not be allowed to bias 
its processes or conclusions. This group should provide 
their analysis to the UN and the WHO to guide pre-
cautionary action.

Collectively we also request that:

1.  children and pregnant women be protected; 
2.  guidelines and regulatory standards be strength-

ened;
3.  manufacturers be encouraged to develop safer 

technology;
4.  utilities responsible for the generation, trans-

mission, distribution, and monitoring of elec-
tricity maintain adequate power quality and 
ensure proper electrical wiring to minimize 
harmful ground current; 

5.  the public be fully informed about the potential 
health risks from electromagnetic energy and 
taught harm reduction strategies; 

6.  medical professionals be educated about the 
biological effects of electromagnetic energy and 
be provided training on treatment of patients 
with electromagnetic sensitivity; 

7.  governments fund training and research on 
electromagnetic fields and health that is inde-
pendent of industry and mandate industry co-
operation with researchers; 
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Bioelectromagnetics 18:455–461 (1997)

RF Radiation–Induced Changes in the
Prenatal Development of Mice

Ioannis N. Magras1* and Thomas D. Xenos2

1Department of Anatomy, Histology, and Embryology, School of Veterinary Medicine,
Aristotle University of Thessaloniki, Thessalonike, Greece

2Department of Telecommunications, School of Electrical Engineering and Computer
Engineering, Aristotle University of Thessaloniki, Thessaloniki, Greece

The possible effects of radiofrequency (RF) radiation on prenatal development has been investigated
in mice. This study consisted of RF level measurements and in vivo experiments at several places
around an ‘‘antenna park.’’ At these locations RF power densities between 168 nW/cm2 and
1053 nW/cm2 were measured. Twelve pairs of mice, divided in two groups, were placed in locations
of different power densities and were repeatedly mated five times. One hundred eighteen newborns
were collected. They were measured, weighed, and examined macro- and microscopically. A progres-
sive decrease in the number of newborns per dam was observed, which ended in irreversible infertility.
The prenatal development of the newborns, however, evaluated by the crown-rump length, the body
weight, and the number of the lumbar, sacral, and coccygeal vertebrae, was improved. Bioelectromag-
netics 18:455–461, 1997. q 1997 Wiley-Liss, Inc.

Key words: RF radiation effects; prenatal development; mice development

Five years ago the ‘‘antenna-park of Thessalo- controlled laboratory conditions, might add a certain
amount of uncertainty; therefore, these experimentsniki’’ progressively developed on the top of the nearby

mountain Chortiatis, 1.5 km away from a small village should be considered preliminary.
of the same name. Today, almost 100 commercial TV
and FM-radio broadcasting transmitters in the VHF

MATERIALS AND METHODSand the UHF bands are situated there. The antennas
are installed on towers well visible from a large part We used a total of 36 mice (18 females and 18
of the village. Living so close to the antennae and the males), 2 months old and sexually mature (BALB/c/f
vast amount of RF power they transmit, which is of the breed colony). Breeding colony virgin males and fe-
order of 300 kW, the people of the village Chortiatis, males were obtained from the ‘‘Theageneion Antican-
anxious for their health, encouraged the author to un- cer Institute of Thessaloniki.’’ The use of these experi-
dertake a research program. mental animals was approved by the Veterinary Service

The hypothesis that RF radiation may adversely of the Municipality of Thessaloniki, according to the
affect the health of the animal organism is still under provisions of the laws 1197/81 and 2015/92 and the
consideration in public and scientific forums. One of Presidential Decree 160/91 of the Greek Democracy.
the critical issues seems to be the RF effects on the Upon arrival, all experimental animals were quaran-
reproductive process [Chernoff et al., 1992]. Numerous tined for 2 weeks to discover and to allow them to
studies dealing with this subject ended up with seem- acclimatise the mountain environment, an altitude
ingly contradictory results. Therefore, an ‘‘in vivo’’ ranging between 570 (position h) and 730 m (position
study on experimental animals sensitive to RF radia- d) above sea level. All the mice were healthy at the
tion, was chosen. Based on the relevant literature, this end of this period and showed no signs of illness during
research investigated RF radiation effects on the repro-
ductive system, particularly on prenatal development.
The mouse was selected as the experimental animal, *Correspondence to: Ioannis N. Magras, Department of Anatomy, His-

tology, and Embryology, School of Veterinary Medicine, Aristotle Uni-because it is easily manipulated in the environment in
versity of Thessaloniki, 540-06 Thessaloniki, Greece.which the experiments had to take place. Of course,

experimenting at the mountain sites, far from the easily Received for review 9 June 1996; revision received 30 January 1997

q 1997 Wiley-Liss, Inc.
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The human skin as a sub-THz receiver – Does 5G pose a danger to it or not?
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A R T I C L E I N F O

Keywords:
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Specific Absorption Rate (SAR)
Sweat duct

A B S T R A C T

In the interaction of microwave radiation and human beings, the skin is traditionally considered as just an
absorbing sponge stratum filled with water. In previous works, we showed that this view is flawed when we
demonstrated that the coiled portion of the sweat duct in upper skin layer is regarded as a helical antenna in the
sub-THz band. Experimentally we showed that the reflectance of the human skin in the sub-THz region depends
on the intensity of perspiration, i.e. sweat duct's conductivity, and correlates with levels of human stress
(physical, mental and emotional). Later on, we detected circular dichroism in the reflectance from the skin, a
signature of the axial mode of a helical antenna. The full ramifications of what these findings represent in the
human condition are still unclear. We also revealed correlation of electrocardiography (ECG) parameters to the
sub-THz reflection coefficient of human skin. In a recent work, we developed a unique simulation tool of human
skin, taking into account the skin multi-layer structure together with the helical segment of the sweat duct
embedded in it. The presence of the sweat duct led to a high specific absorption rate (SAR) of the skin in
extremely high frequency band. In this paper, we summarize the physical evidence for this phenomenon and
consider its implication for the future exploitation of the electromagnetic spectrum by wireless communication.
Starting from July 2016 the US Federal Communications Commission (FCC) has adopted new rules for wireless
broadband operations above 24 GHz (5 G). This trend of exploitation is predicted to expand to higher frequencies
in the sub-THz region. One must consider the implications of human immersion in the electromagnetic noise,
caused by devices working at the very same frequencies as those, to which the sweat duct (as a helical antenna)
is most attuned. We are raising a warning flag against the unrestricted use of sub-THz technologies for com-
munication, before the possible consequences for public health are explored.

1. Introduction

The world is galloping towards a bright new future, or at least so
industry would like us to think. The advent of 5 G promises unforetold
connectivity and unparalleled integration with the virtual world
(Agiwal et al., 2016). Technology will interact with almost every aspect
of our daily lives (Boccardi et al., 2014), as well as expose us to rich and
varied data streaming on our cellular and Wi-Fi devices. While all of
this may be true it comes with a price tag. To afford such heavy data
traffic we must accept an expansion in data channels (Ben Ishai et al.,
2016), something that is not possible in the currently used frequency
channels, and an attendant explosion in base stations (Ge et al., 2016).
This is the rational to move to 5 G, a FCC standard, which will start at
28 GHz (FCC Report 16–89), soon utilize frequencies up to 60 GHz and
may eventually reach the sub - Terahertz range (FCC 50–50 Report).

Industry has assumed that there will be no health risks from this
advance (T. Wu et al., 2015a, 2015b) and consequently it has based its

planning on the recommendations of the International Commission on
Non-Ionizing Radiation Protection (ICNIRP), published in 1998
(Guidelines for limiting exposure to time-varying electric, magnetic,
and electromagnetic fields (up to 300 GHz). International Commission
on Non-Ionizing Radiation Protection,” 1998). This recommendation
limits exposure in the 5 G range to a power density of 10W/m2 for the
general public and to 50W/m2 for occupational exposure (“Guidelines
for limiting exposure to time-varying electric, magnetic, and electro-
magnetic fields (up to 300 GHz). International Commission on Non-
Ionizing Radiation Protection,” 1998).

However, in recent years concerns have surfaced about possible
non-thermal biological effects, and ensuing health issues, arising from
cellular electromagnetic radiation (Adams et al., 2014; Blank and
Goodman, 2009; Darbandi et al., 2017; Hardell and Sage, 2008; Liu
et al., 2013; Panagopoulos, 2017; Sage and Carpenter, 2009; Terzi
et al., 2016). These should raise a red flag for the implementation of the
5 G standard. One reason being that the modality of our interaction

https://doi.org/10.1016/j.envres.2018.01.032
Received 2 September 2017; Received in revised form 18 December 2017; Accepted 23 January 2018
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Abstract 

Significant concern has been raised about possible health effects from exposure to 

radiofrequency (RF) electromagnetic fields, especially after the rapid introduction of 

mobile telecommunications systems. Parents are especially concerned with the 

possibility that children might develop cancer after exposure to the RF emissions 

from mobile telephone base stations erected in or near schools. The few 

epidemiologic studies that did report on cancer incidence in relation to RF radiation 

have generally presented negative or inconsistent results, and thus emphasize the 

need for more studies that should investigate cohorts with high RF exposure for 

changes in cancer incidence. The aim of this study is to investigate whether there is 

an increased cancer incidence in populations, living in a small area, and exposed to 

RF radiation from a cell-phone transmitter station. 

This is an epidemiologic assessment, to determine whether the incidence of cancer 

cases among individuals exposed to a cell-phone transmitter station is different from 

that expected in Israel, in Netanya, or as compared to people who lived in a nearby 

area. Participants are people (n=622) living in the area near a cell-phone transmitter 

station for 3-7 years who were patients of one health clinic (of DW). The exposure 

began 1 year before the start of the study when the station first came into service. A 

second cohort of individuals (n=1222) who get their medical services in a clinic 

located nearby with very closely matched, environment, workplace and occupational 

characteristics was used for comparison. 

In the area of exposure (area A) eight cases of different kinds of cancer were 

diagnosed in a period of only one year. This rate of cancers was compared both with 

the rate of 31 cases per 10,000 per year in the general population and the 2/1222 rate 

recorded in the nearby clinic (area B). Relative cancer rates for females were 10.5 for 

area A, 0.6 for area B and 1 for the whole town of Netanya. Cancer incidence of 

women in area A was thus significantly higher (p<0.0001) compared with that of area 

B and the whole city. A comparison of the relative risk revealed that there were 4.15 

times more cases in area A than in the entire population. 

The study indicates an association between increased incidence of cancer and living 

in proximity to a cell-phone transmitter station.



 
 

 
 

September 08, 2017 
 
The Honorable Jerry Brown 
Governor, State of California 
c/o State Capitol, Suite 1173 
Sacramento, CA 95814  
 
RE: SB 649 (Hueso) – Small Cell Wireless Facilities  

Honorable Governor Brown,   

I have recently learned of proposed Bill SB 649 regarding the streamlining of small cell wireless 
facilities.  

As a member of the Physics department of Ariel University, and before that the Hebrew University of 
Jerusalem, I have studied the subtle effects of electromagnetic radiation on biology and biological 
materials. I have published more than 50 articles in the field of Dielectrics (the study of the interaction 
of materials with radio waves), including many on the interaction of cellular frequencies with biological 
materials such as proteins and blood. My last article investigated the interaction of 5G electromagnetic 
radiation with human skin.1 One could argue that I have a certain amount of expertise. 

In light of our work and a growing number of publications showing the frequency range of 5G can have 
serious biological effects, we believe that current efforts to accelerate the implementation of 5G should 
be delayed until additional studies are made to assess the critical impact on human health.  

It is not for me to lecture to elected officials on how cities should develop technologically, nor is it for 
me to try and stop the juggernaut that is the cellular industry. However, I would like to point out to you 
important information on the possible public health implications of the explosion in unregulated cellular 
phone and wireless device use. 

The term “health” has never featured too heavily in the lexicon of the Cellular Industry. It has been 
assumed, conveniently, that any possible effects on the human anatomy from the use of cell phones 
would be only mild heating. And that this is something that the body could easily deal with. As a 
consequence, the governing safety limits were set in 1998 by the International Commission on Non-
Ionizing Radiation Protection (ICNIRP) based on the premise that if radiofrequency radiation limits 
protected human tissue from overheating, then the public was adequately protected. They considered 
that the effect to humans would at most cause the agitation of water inside cellular tissues that would 
dissipate as heat, similar to what a microwave oven does, but at far lower energies.  

The trouble is that our knowledge has progressed in the last 19 years and we now understand that the 
interaction of microwave energy and our tissues is far more subtle. There is increasing evidence of non-
thermal biological consequences arising from our interaction with cellular phone radiation. A few 
examples; in 2014 a team from the University of Exeter, UK published a report linking the effect of 

                                                           
1 Betzalel, Noa, Yuri Feldman and Paul Ben Ishai. “The Modeling of the Absorbance of Sub-THz Radiation by Human Skin.” IEEE 
Transactions on Terahertz Science and Technology PP.99 (2017): 1-9. doi: 10.1109/TTHZ.2017.2736345.  



 
 

 
 

cellular phones on declining sperm quality.2 They based their research on over 1492 subjects from 
around the world. In 2009, Columbia University showed that radio frequencies were leading to stress 
in living cells.3 This in turn seriously affects their ability to perform, as particular cellular pathways 
were disrupted. Further evidence along this direction was provided by a group from the University of 
Rennes.4 I can add plenty more examples, but I think that it is summed up by a recent public 
announcement. Advisors to the World Health Organization International Agency for Research on 
Cancer (WHO/IARC), themselves well versed in radio frequencies and in cancer, have publicly stated 
that evidence has been met to classify cellular radiation as meeting scientific criteria for a Group 1 
carcinogenic agent to humans.5,6 

As I said above, it is not my job and neither is it realistic for me to stop the placing of thousands of 
antennas throughout your state. But it is my job to point out the health hazard to you before you make 
such a momentous decision.  

Yours sincerely 

 
Dr. Paul Ben Ishai 
Department of Physics 
Ariel University 
 
 
 
CC 
Tom Dyer, Chief Deputy Legislative Affairs Secretary  
 
 
 
 
 

                                                           
2 Adams, J.A., et al. “Effect of mobile telephones on sperm quality: a systematic review and meta-analysis.” Environment International 70 
(2014): 106-12. doi: 10.1016/j.envint.2014.04.015. 
3 Blank, M. and R. Goodman. “Electromagnetic fields stress living cells.” Pathophysiology 16.2-3 (2009): 71-8. doi: 
10.1016/j.pathophys.2009.01.006. 
4 Habauzit, Denis, et al. "Transcriptome analysis reveals the contribution of thermal and the specific effects in cellular response to millimeter 
wave exposure." PloS One 9.10 (2014): e109435.  

doi: 10.1371/journal.pone.0109435 
5 “Cancer Expert Declares Cell Phone and Wireless Radiation As Carcinogenic to Humans.” Environmental Health Trust (2017). 
https://ehtrust.org/cancer-expert-declares-cell-phone-wireless-radiation-carcinogenic-humans/ 
6 Carlberg, Michael and Lennart Hardell. “Evaluation of Mobile Phone and Cordless Phone Use and Glioma Risk Using the Bradford Hill 
Viewpoints from 1965 on Association or Causation.” BioMed Research International 2017 (2017): 9218486. doi: 10.1155/2017/9218486. 
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Abstract

Diverse biological responses, including adverse health effects, to non-thermal
(NT) microwaves (MW) have been described by many research groups all over
the world. The aim of this paper is to provide an overview of the complex
dependence of these effects on various physical and biological parameters, which
must be controlled in replication studies.
Besides well-known dependencies on carrier frequency and modulation,
emerging data suggest dependencies of NT MW effects on polarization, inter-
mittence and coherence time of exposure, static magnetic field, electromagnetic
stray fields, genotype, gender, physiological and individual traits, cell density
during exposure. Data also indicate that duration of exposure may be as impor-
tant as power density (PD) and specific absorption rate (SAR). Further evalua-
tion of these dependencies are needed for understanding the mechanisms by
which NT MW affect biological systems, planning in vivo and epidemiological
studies, developing medical treatments, setting safety standards, and minimizing
the adverse effects of MW from mobile communication.

Key words: non-thermal effects of microwaves, mobile (cellular) phones, safety
standards.

List of abbreviations:
Anomalous viscosity time dependence (AVTD); blood-brain barrier (BBB); catalase (CAT); Digital
Enhanced (former European) Cordless Telecommunications (DECT); circularly polarized (CP); contin-
uous wave (CW); Digital Advanced Mobile Phone System (DAMPS); discontinuous transmission
(DTX); electroencephalographic (EEG); electromagnetic field (EMF); embryonic stem (ES) cells;
ethidium bromide (EtBr); extremely low frequency (ELF); Gaussian Minimum Shift Keying (GMSK);
Ginkgo biloba (Gb); Global System for Mobile Communication (GSM); glutathione peroxidase (GSH-
Px); International Commission for Non-Ionizing Radiation Protection (ICNIRP); linearly polarized
(LP); malondialdehyde (MDA); micronucleus (MN) assay; microwaves (MWs); N-acetyl-beta-d-
glucosaminidase (NAG); nitric oxide (NO); non-thermal (NT); ornithine decarboxylase (ODC); phorbol
ester 12-myristate 13-acetate (PMA); phosphorylated H2AX histone (γ-H2AX); power density (PD);
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S12-01
Two-year oncogenicity evaluations of cell
phone radiofrequency radiation in
Sprague-Dawley rats and B6C3F1 mice

David McCormick

IIT Research Institute, Chicago, IL, United States

Epidemiology data concerning possible health effects of exposure
to radiofrequency fields (RF) are conflicting. For this reason, well-
designed and controlled studies in predictive laboratory animal
models provide the best prospective opportunity to identify effects
of RF exposure that may translate into human health hazards. The
U.S. National Toxicology Program supported a program in our labo-
ratory to identify and characterize effects of acute, subchronic, and
chronic exposure to non-thermal levels of RF in Sprague-Dawley
rats and B6C3F1 mice. Five-day pilot studies were performed to
identify the maximum Specific Absorption Ratios (SARs) to which
juvenile, adult, and pregnant rodents can be exposed without
increasing body temperature by >1.0 ◦C. Subsequent subchronic
(ten-week) toxicity studies failed to identify any toxicologically
significant effects of non-thermal RF on survival, body weight,
clinical signs, hematology, or gross or microscopic pathology.
Two-year studies were performed to determine if exposure to
non-thermal levels of RF increases the incidence of neoplasia
in any site. Male rats exposed to RF demonstrated significantly
increased incidences of glioma (brain) and schwannoma (heart);
these increases were not seen in female rats or in either sex of
mice. Gliomas and schwannomas have been identified in some
epidemiology studies as possible RF-induced neoplasms. Consid-
ering (a) the conflicting results of RF epidemiology studies and (b)
the lack of generally accepted biophysical or molecular mecha-
nisms through which RF could induce or promote neoplasia, data
from animal bioassays will play a central role in “weight-of-the-
evidence” assessments of the possible health effects of RF exposure.

Supported by HHSN29120055544.

http://dx.doi.org/10.1016/j.toxlet.2017.07.075

S12-02
Effects of extremely low frequency (ELF) and
radio-frequency (RF) on melatonin and cortisol,
two markers of the circadian rhythms

Brahim Selmaoui

Department of Toxicology, Institut National de l’Environnement
Industriel et des Risques (INERIS), Verneuil en Halatte, France

Electromagnetic field (EMF) has becoming an integral part of our
everyday life. It is a consequence of our intensive use of electric-
ity and/or emerging technologies in mobile telecommunications.
This exposure to EMF has raised questions about possible effects of
the EMF on human health. It has become the object of debate and
a public health concern. This has resulted in the classification of
extremely low frequency (ELF)- and radiofrequency (RF)-EMF into
category 2B, i.e., agents that are “possibly carcinogenic to humans”
by the International Agency for Research on Cancer.

It is known that cancer and neurobehavioral alterations may be
associated with circadian rhythm disruption and/or effect on mela-
tonin secretion. In addition, some Individuals living or working in
an environmental exposed to EMF complain of a variety of adverse
health effects. Troubled sleep and headache remain a recurrent and
common symptom reported. So it is interesting to look at the EMF
effect exposure on the circadian system.

Since both melatonin and cortisol are major markers of the cir-
cadian system, we reviewed data from the literature on these two
marker rhythms, in search of deleterious effects of EMF on both
their blood levels and abnormalities in their circadian profiles (a
phase-advance or a phase-delay) which would point out a rhythm
desynchronization of the organism. Overall, to date no consistent
evidence of the effect of exposure to RF on cortisol and melatonin.
However, contradictory data are reported on ELF-EMF.

http://dx.doi.org/10.1016/j.toxlet.2017.07.076

0378-4274/
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Wi-Fi is an important threat to human health☆

Martin L. Pall
Washington State University, 638 NE 41st Avenue, Portland, OR 97232-3312, USA

A R T I C L E I N F O

Keywords:
Electromagnetic field (EMF)
Brain impact
Testis/sperm count and quality
Impact of pulsation and polarization
Activation of voltage-gated calcium channels
Wi-Fi or WiFi

A B S T R A C T

Repeated Wi-Fi studies show that Wi-Fi causes oxidative stress, sperm/testicular damage, neuropsychiatric ef-
fects including EEG changes, apoptosis, cellular DNA damage, endocrine changes, and calcium overload. Each of
these effects are also caused by exposures to other microwave frequency EMFs, with each such effect being
documented in from 10 to 16 reviews. Therefore, each of these seven EMF effects are established effects of Wi-Fi
and of other microwave frequency EMFs. Each of these seven is also produced by downstream effects of the main
action of such EMFs, voltage-gated calcium channel (VGCC) activation. While VGCC activation via EMF inter-
action with the VGCC voltage sensor seems to be the predominant mechanism of action of EMFs, other me-
chanisms appear to have minor roles. Minor roles include activation of other voltage-gated ion channels, calcium
cyclotron resonance and the geomagnetic magnetoreception mechanism. Five properties of non-thermal EMF
effects are discussed. These are that pulsed EMFs are, in most cases, more active than are non-pulsed EMFs;
artificial EMFs are polarized and such polarized EMFs are much more active than non-polarized EMFs; dose-
response curves are non-linear and non-monotone; EMF effects are often cumulative; and EMFs may impact
young people more than adults. These general findings and data presented earlier on Wi-Fi effects were used to
assess the Foster and Moulder (F&M) review of Wi-Fi. The F&M study claimed that there were seven important
studies of Wi-Fi that each showed no effect. However, none of these were Wi-Fi studies, with each differing from
genuine Wi-Fi in three distinct ways. F&M could, at most conclude that there was no statistically significant
evidence of an effect. The tiny numbers studied in each of these seven F&M-linked studies show that each of
them lack power to make any substantive conclusions. In conclusion, there are seven repeatedly found Wi-Fi
effects which have also been shown to be caused by other similar EMF exposures. Each of the seven should be
considered, therefore, as established effects of Wi-Fi.

1. Introduction

Wi-Fi (also known as WiFi or WLAN) is a wireless network involving
at least one Wi-Fi antenna connected to the internet and a series of
computers, laptops and/or other wireless devices communicating
wirelessly with the Wi-Fi antenna. In this way, each such wireless
communication device can communicate wirelessly with the internet.
All the studies reviewed here were of Wi-Fi using the 2.4 GHz band,
although there is also a 5 GHz band reserved for possible Wi-Fi use.

Telecommunications industry-linked individuals and groups have
claimed that there are no and cannot possibly be any health impacts of
Wi-Fi (Foster and Moulder, 2013; Berezow and Bloom, 2017). However
with Wi-Fi exposures becoming more and more common and with many
of our exposures being without our consent, there is much concern
about possible Wi-Fi health effects. This paper is not focused on anec-
dotal reports but rather on 23 controlled, scientific studies of such
health-related effects in animals, cells including human cells in culture

and in human beings (Table 1).
Each of the effects reported above in from 2 to 11 studies, have an

extensive literature for their occurrence in response to various other
non-thermal microwave frequency EMFs, discussed in detail below.
These include (see Table 1) findings that Wi-Fi exposures produce im-
pacts on the testis leading to lowered male fertility; oxidative stress;
apoptosis (a process that has an important causal role in neurodegen-
erative disease); cellular DNA damage (a process causing cancer and
germ line mutations); neuropsychiatric changes including EEG changes;
hormonal changes.

The discussion here focuses on those Wi-Fi effects which have been
found by multiple Wi-Fi studies and have been previously confirmed by
non-thermal exposures to other microwave frequency EMFs. The 1971/
72 U.S. Office of Naval Medical Research study (Glaser, 1971) reported
the following changes related to testis or sperm: 1. Decreased testos-
terone leading to lowered testis size. 2. Histological changes in testi-
cular epithelial structure. 3. Gross testicular histological changes. 4.

https://doi.org/10.1016/j.envres.2018.01.035
Received 22 September 2017; Received in revised form 20 January 2018; Accepted 23 January 2018

☆ For submission to the Wireless Radiation and Health special issue of the journal Environmental Research.
E-mail address: martin_pall@wsu.edu.



 

Sacramento Office:  1107 9th Street, Suite 625, Sacramento CA 95814  Ph.  916-333-0566 

 
 
June 26, 2017 
 
 
The Honorable Cecilia Agular-Curry, Chair 
Assembly Local Gov’t Commission 
Room 157, 1020 N Street 
Sacramento, CA 95814 
 
RE:  SB 649 (Hueso) – Small Cell Wireless Facilities - -OPPOSE 
 
Dear Chair Agular-Curry: 
 
Environmental Working Group (EWG) opposes SB 649 by Senator Hueso.  This bill would make the 
installation of small cell wireless facilities, such as those used to facilitate 5G networks, ministerial 
rather than discretionary at the local government level.  
 
The health impacts of cellular transmissions have been debated more and more passionately the last ten 
years because there are studies that raise real concerns about the effects of radio frequency (RF) energy 
or radiation on humans.  This is why EWG sponsored two bills by former Senator Leno (SB 1212 in 
2010 and SB 932 in 2011) that would have required sellers of cell phones to inform consumers that 
minimizing exposure to cell phone radiation is prudent and in fact recommended by cell phone 
manufacturers in their included manuals. 
 
Studies on the health impacts of cell phones and their transmission infrastructure are continuing.  As 
new information becomes available, local government ought to be able to use it to help guide their 
decision-making, including locational issues such as proximity to homes, school, and hospitals.  EWG 
believes that allowing cities and counties to weigh the potential impacts of transmission networks 
before permits are issued for their construction is essential and SB 649 would prevent them from doing 
so.  And, if more definitive health concerns arise, state law would have to be changed in order to give 
local governments the flexiblity to do their due diligence. 
 
For these reasons, we must oppose SB 649 and urge a “no” vote in the Local Government Committee. 
 
Sincerely, 

  
Bill Allayaud 
California Director of Government Affairs 
Environmental Working Group 
 
 
 
cc:  Senator Hueso 

 



Page 2 
 

 

SB 649 Would Eliminate the Ability of Communities to Promote their Interests and 
Priorities. 

It is important to remember that the rights-of-way that providers use to build out their 
networks are owned by communities and managed by municipalities.1  Currently, if a phone 
or broadband provider wants access to a local community’s right-of-way, it can negotiate with 
that community for a franchise, paying fair-market value for that access.  Additionally, 
communities can currently negotiate with providers to advance community priorities and 
interests in exchange for access to community-owned rights of way.  For example, if a provider 
seeks access to build out its network in a high-income area, a community could grant access to 
that in exchange for that providers’ providing high-speed broadband to anchor institutions in 
lower-income areas.  SB 649 would eliminate communities’ ability to manage their rights-of-
way, unduly interfering with those communities’ right to self-determination.    

SB 649 Would Allow Providers to Use Community-Owned Property without Paying Just 
Compensation. 

Phone and broadband providers already reap windfall profits from Californians.  SB 649 limits 
communities to charging set prices and fees for access to their rights-of-way.  These artificial 
restrictions distort the market and force consumers to subsidize providers’ costs.  SB 649 
prevents communities from getting full market value in exchange for access to rights-of-way.  
Accordingly, SB 649 increases the power of providers to extract profits from local communities 
that already face monopoly or near-monopoly prices. 

 
Greenlining supports any legislative measure that increases the availability of advanced 
communications services to communities of color.  Unfortunately, SB 649 is not such a 
measure.  The bill promises to widen the digital divide, place control over community-owned 
property in the hands of providers, and fail to compensate communities fairly.  Accordingly, 
Greenlining OPPOSES SB 649. 
 
If you have any questions, please do not hesitate to contact me. 
 
Sincerely, 
 

 
 
Stephanie Chen 
Energy & Telecommunications Policy Director 
 
 

                                                        
1 Frederick E. Ellrodd III & Nicholas P. Miller, Property Rights, Federalism, and Public Rights-of-Way (2003) 
26 Seattle Univ. Law. Rev. 475, 477. 



Alliance	of	Nurses	for							
Healthy	Environments	

� 	

June 26, 2017

The Honorable Cecilia Agular-Curry, 
Chair Assembly Local Gov’t Commission 
Room 157, 1020 N Street Sacramento, 
CA 95814 

RE: SB 649 (Hueso) – Small Cell Wireless Facilities - - OPPOSE 

Dear Chair Agular-Curry: 

I am a Professor of Public Health at the University of San Francisco and a Board Member of the national 
Alliance of Nurses for Healthy Environments.   I am very concerned about moving forward with expanding 
the use of small-scale wireless technologies at the same time that there is mounting evidence of the 
potential for health risks from the associated radio frequency energy and radiation, particularly to children.    
The Alliance of Nurses for Healthy Environments ascribes to the precautionary principle as it applies to 
human health.   We firmly believe that early warnings in the scientific literature should be heeded and that 
our policy development should reflect the synthesis of the best and latest scientific evidence.    

At this point in time, we oppose SB 649 and believe that we need an exhaustive review of the science 
before we allow significant expansion of small cell wireless facilities, such as those to facilitate 5G 
networks.   The results of the literature review should inform our policies. We must be sure that vulnerable 
populations such as pregnant women and young children will not be unduly harmed from their proximity to 
unnecessary radio frequency energy.   It is important that we continue to examine what constitutes a safe 
distance and how we can continue to pivot when more information becomes available.   We are concerned 
that the passage of SB 649 will entrench us in a policy for which we have insufficient assurances and 
which, if passed, will require the burden of effort to reverse.

For these reasons, we oppose SB 649 and urge a “no” vote in the Local Government Committee.

Thank you for considering our concerns.

Sincerely,

Barbara Sattler, RN, MPH, DrPH, FAAN
Board Member



 
 

August	15,	2017	

	

The	Honorable	Cecilia	Aguiar-Curry	 	 	 	 	 	 	 	 					
Chair,	Assembly	Local	Government	Committee	 	 	 	 	 	 	 							
State	Capitol	Building,	Room	5144	 	 	 	 	 	 	 							
Sacramento,	CA	95814	

SB	649	(Hueso)-	Wireless	Telecommunications	Facilities-	OPPOSE	

Chair	Aguiar-Curry,	

On	behalf	of	the	undersigned,	we	write	to	register	our	opposition	to	SB	649	(Hueso)	which	would	
prohibit	local	discretionary	review	of	“small	cell”	wireless	antennas	,	including	equipment	collocated	on	
existing	structures	or	located	on	new	“poles,	structures,	or	non-pole	structures,”	including	those	within	
the	public	right-of-way	and	buildings.	The	proposal	preempts	adopted	local	land	use	plans	by	mandating	
that	“small	cells”	be	allowed	in	all	zones	as	a	use	by-right,	including	all	residential	zones.		Because	of	
this,	this	proposal	essentially	provides	a	CEQA	exemption	for	installation	of	these	facilities,	undermining	
the	ability	for	communities	to	comment	and	register	their	concerns	associated	with	previously	
mentioned	installation.		These	“small	cell”	installations	not	only	can	cause	an	aesthetic	blight,	but	can	
release	levels	of	radiation	that	we	don’t	yet	know	conclusively	the	health	impacts	they	can	impose	of	
humans,	especially	developing	bodies	and	minds	of	children.  These	small	cell	boxes	could	pop	up	
anywhere:	grocery	stores,	outside	school,	playgrounds,	communal	places,	with	no	requirement	to	
mitigate	effects	or	understand	potential	environmental	and	health	hazards. 	

For	these	reasons,	we	urge	your	“no”	vote	in	committee.		

Thank	you,	

Jena	Price,	Legislative	Affairs	Manager	 	 	 	 	 	 	 													
California	League	of	Conservation	Voters	

Kyle	Jones,	Legislative	Associate		 	 	 	 	 	 	 	 					
Sierra	Club	California	

Jane	Williams,	Executive	Director	 	 	 	 	 	 	 	 	 	
California	Communities	Against	Toxics	
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June 28, 2017 
 
The Honorable Cecilia Aguiar-Curry 
Chair of the Local Government Committee 
1020 N Street, Room 157 
Sacramento, CA 95814 
 
RE: SB 649 (Hueso) – Small Cell Wireless Facilities — OPPOSE 
  
Dear Chair Aguiar-Curry: 
 
As a nonprofit research and policy organization dedicated to identifying and reducing environmental 
health hazards, Environmental Health Trust (EHT) writes to advise you of serious scientific grounds to 
reject SB 649 as advanced by Senator Hueso. I have personally served as an expert advisor to the 
California Department of Health as well as the San Francisco and Berkeley City governments on matters 
relevant to this bill. EHT has been honored to work with California government and scientists for over a 
decade. At the invitation of the Israel Institute for Advanced Study of the Hebrew University of 
Jerusalem, EHT recently organized and chaired an ​Expert Forum on Wireless Radiation and Health​, 
bringing together scientists and engineers from more than ten high tech nations. Reflecting these efforts, 
EHT provides independent scientific research and advice on avoidable environmental health hazards to 
local, state and national governments.  
 
SB 649 will pave the way for widespread introduction of 5G microwave wireless radiation frequency 
(RF) that has never been tested for its impact of public health or the environment. Other RF microwave 
radiation such as that used by cellphones and other wireless devices has been ​classified as a ‘possible 
carcinogen’​ by the International Agency for Research on Cancer in 2011 and more recently dubbed a 
‘probable carcinogen,’​ by expert researchers looking at newer information in 2015. , ,  In addition, this 1 2 3

bill could result in the loss of hundreds of millions of dollars in local revenue, as the ​San Francisco 
Chronicle noted​ today.  
 
By ignoring growing scientific evidence of harm, the bill effectively will ensure the widespread exposures 
of millions of Californians to an agent that growing numbers of scientists and nations consider a serious 

1 World Health Organization. ​“IARC classifies radiofrequency electromagnetic fields as possibly carcinogenic to 
humans,”​ WHO, Press Release, no. 208, 2011.  
2 ​ ​IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. ​"Non-ionizing radiation, Part 2: 
Radiofrequency electromagnetic fields."​ ​IARC Monographs On The Evaluation of Carcinogenic Risks to Humans​, 
vol. 102, pt. 2, 2013. 
3 ​Morgan, L. Lloyd, et al. ​"Mobile phone radiation causes brain tumors and should be classified as a probable human 
carcinogen (2A)."​ ​International Journal of Oncology,​ vol. 46, no. 5, 2015, 1865-71. 



health threat. Recently, studies have found that the frequencies which will be used in 5G and other future 
technologies can have harmful effects , as Dr. Cindy Russell, Vice President of Community Health for the 4

Santa Clara Medical Association noted.  As articulated in their state Constitution, California cities and 5

counties have a duty to protect the health and safety of their residents.  
 
EHT has a longstanding history of research and policy advice to state, local and national governments 
regarding strategies to reduce disease and promote health by avoiding environmental health hazards. Our 
organization opposes the broad scale installation of untested wireless antennas and associated electrical 
equipment close to humans and through critical wildlife habitat and corridors. Both federal and local 
zoning controls are needed to assure that cellular equipment are installed to avoid significant and serious 
safety threats of electrical shock, fire, and radio frequency (RF) microwave radiation exposures, as well as 
chronic impacts on public health and the environment.  
 
Consistent with public health concepts of preventing harm by reducing exposure to suspected 
carcinogens, EHT opposes the usurpation and preemption of local authority that will allow federal and 
state authorities to place what state reports of the bill indicate can be thirty thousand new radiating 5G cell 
antennas on city and county utility, light poles, and other right of ways in close proximity to city and 
county workers, children, residents and visitors. In some cases towers will need to be sited every 100 feet 
with antennas at a height of 30 feet or less. Local authority and duty should not be overridden by 
preemptive federal or state policies such as SB 649 which disregards scientific evidence on this matter as 
outlined below. 
 
Regarding potential health risks from RF a number of corporations advise their shareholders that they face 
serious risks from RF. For instance, Crown Castle’s ​2016 10-K ANNUAL REPORT​, states that,  

“If radio frequency emissions from wireless handsets or equipment on our wireless infrastructure 
are demonstrated to cause negative health effects, potential future claims could adversely affect 
our operations, costs or revenues. The potential connection between radio frequency emissions 
and certain negative health effects, including some forms of cancer, has been the subject of 
substantial study by the scientific community in recent years. We cannot guarantee that claims 
relating to radio frequency emissions will not arise in the future or that the results of such studies 
will not be adverse to us...If a connection between radio frequency emissions and possible 
negative health effects were established, our operations, costs, or revenues may be materially and 
adversely affected. We currently do not maintain any significant insurance with respect to these 
matters.”  

Most wireless companies from ​AT&T​ to ​Nokia​ to ​T Mobile​ to ​Verizon Wireless​ have issued ​similar 
warnings​ to their shareholders.  
 
Regarding public health impacts, recently released research findings from the premiere test program of 
the National Institute of Environmental Health Sciences (NIEHS) add to the body of scientific evidence 

4 Feldman, Yuri, et al. ​“Human Skin as Arrays of Helical Antennas in the Millimeter and Submillimeter Wave 
Range.” ​Physical Review Letters​, vol. 100, no. 128102, 2008.  
5 Russell, Cindy. ​“A 5G Wireless Future: Will it give us a Smart Nation or Contribute to an Unhealthy One?”​ Santa 
Clara Bulletin, Jan./Feb. 2017.  



indicating that RF microwave radiation can be harmful. The 10 year $25 million NIEHS National 
Toxicology Program’s ​Studies of the Toxicology and Carcinogenicity Cell Phone Radiation​ reports that 
RF produced increases rates of highly malignant very rare tumors: gliomas of the brain and schwannomas 
of the heart.  These experimental findings are consistent with human studies showing increased rates of 6

gliomas and acoustic neuromas (schwann cells) among humans exposed to cell phone radiation. In 
addition to increased cancers, the NTP study also reported that prenatally exposed animals produced 
offspring with lower birth weight and ​evidence of direct genetic damage.  
  
Since the 2011 WHO/IARC classification, the peer reviewed research connecting microwave exposure to 
cancer has significantly strengthened. ​In ​2015, a study​ ​replicated a 2010​ ​experiment​ ​that found that weak 
cell phone signals significantly promote the growth of tumors in mice, and that toxic chemical exposures 
combine with RF to more than double the tumor response. ,  The Ramazzini Institute is engaged in similar 7 8

research with RF that is 1000 less than the NTP exposures—set to mimic radiation exposure levels caused 
by network equipment (e.g., cell tower antenna emissions).  
 
Consistent with the ​NTP findings​, the Ramazzini Institute team ​report ​significantly lower litter weights, 
as presented at the January 2017 ​Conference on Wireless and Health​ at Israel Institute for Advanced 
Study, Hebrew University of Jerusalem.  Findings of effects at such low levels is indication of the 9

capability of low level electromagnetic radiation exposure to result in biological effects.  
 
Other studies finding serious increased risk of glioma in regular cell phone users are of special relevance. 
In 2014, a ​French national study​ linked higher cell phone exposure to increased glioma in cell phone 
users.  A newly published research ​report​ in the ​American Journal of Epidemiology​ finds that Canadians 10

who have used cell phones for 558 hours or more have more than a doubled risk of brain cancer.  11

Previous ​published re-analysis​ of the multi country Interphone study data has found stronger positive 
associations to glioma risk among long term users and heavy users and a ​statistically significant 
association between where tumors were located and how much radiation an individual received from their 
phone. ,   12 13

6 ​Wyde, Michael, et al. ​"Report of Partial findings from the National Toxicology Program Carcinogenesis Studies of 
Cell Phone Radiofrequency Radiation in Hsd: Sprague Dawley® SD rats (Whole Body Exposure)."​ ​bioRxiv,​ no. 
055699, 2016. 
7 ​Lerchl, Alexander, et al. ​"Tumor promotion by exposure to radiofrequency electromagnetic fields below exposure 
limits for humans."​ Biochemical and Biophysical Research Communications,​ vol. 459, no. 4, 2015, pp. 585-90. 
8 ​Tillmann, Thomas, et al. ​"Indication of cocarcinogenic potential of chronic UMTS-modulated radiofrequency 
exposure in an ethylnitrosourea mouse model."​ ​International Journal of Radiation Biology,​ vol. 86, no. 7, 2010, pp. 
529-41. 
9 Belpoggi, Fiorella. ​“Recent findings on wireless radiation and health from the Ramazzini Institute could reinforce 
the NTP results.”​ ​Conference on Wireless and Health​, 2017.  
10 ​Coureau, Gaëlle, et al. ​"Mobile phone use and brain tumours in the CERENAT case-control study."​ Occupational 
Environmental Medicine,​ vol. 71, no. 7, 2014, pp. 514-22. 
11 ​Momoli, F., et al. ​"Probabilistic multiple-bias modelling applied to the Canadian data from the INTERPHONE 
study of mobile phone use and risk of glioma, meningioma, acoustic neuroma, and parotid gland tumors."​ ​American 
Journal of Epidemiology​, 2017. 
12 ​Turner, Michelle C., et al. ​"Investigation of bias related to differences between case and control interview dates in 
five INTERPHONE countries."​ ​Annals of Epidemiology,​ vol. 26, 12, 2016, pp. 827-32. 



 
More recently, research carried out by physicists in Israel and others have shown that the higher 
millimeter wave frequencies to be used in 5G applications uniquely interacts with sweat ducts of the 
human skin which can then function as antennas to amplify signals. This work extends studies first 
produced in 1986.  The potential long-term impact of such stimulation on precancerous skin growths 14

should be evaluated carefully, including potential super-growth of bacteria.  A ​lecture​ by Paul Ben-Ishai, 15

PhD, and published research on this issue can be found on the ​2017 Conference website. , ,  16 17 18

 
Cancer is not the only health concern presented by wireless devices and infrastructure. Impacts on 
reproduction​ and ​brain development​ have also been repeatedly reported in the peer reviewed literature in 
addition to a myriad of other adverse effects. , , ,   19 20 21 22

 
In light of these developments showing growing evidence of the biological impact of RF, it is imperative 
that new infrastructure and 5G not be introduced widely into commerce at this time. The State of 
California needs to critically consider the potential impact of massive new and possibly carcinogenic 
wireless exposures to their population. Before introducing additional untested wireless technology into the 
environment, it is necessary to:  

● model exposures to infants, children and pregnant women; 
● conduct experimental tests on exposures’ impacts on wildlife; and 
● evaluate impacts on human systems through in vitro and in vivo toxicology 

In 2015, the ​International EMF Scientist Appeal​, now signed by over 225 scientists from 41 nations, was 
submitted to the Secretary-General of the United Nations, the Director-General of the World Health 
Organization and U.N. Member Nations urging the development of more protective guidelines for EMF 
(including RF-EMF), encouraging precautionary measures, and calling for education of the public about 

13 ​Grell, Kathrine, et al. ​"The intracranial distribution of gliomas in relation to exposure from mobile phones: 
analyses from the INTERPHONE study."​ ​American Journal of Epidemiology​, vol. 184, no. 11, 2016, pp. 818-28. 
14 ​Gandhi OP, Riazi A. “​Absorption of millimeter waves by human beings and its biological implications.”​ ​IEEE 
Transactions on Microwave Theory and Techniques​, vol. 34, no. 2, 1986, pp. 228-235. 
15 ​Soghomonyan D, K. Trchounian and A. Trchounian. ​“Millimeter waves or extremely high frequency 
electromagnetic fields in the environment: what are their effects on bacteria?”​ Applied Microbiology and 
Biotechnology, vol. 100, no. 11, 2016, pp. 4761-71. 
16 Feldman, Yuri and Paul Ben-Ishai.​ “Potential Risks to Human Health Originating from Future Sub-MM 
Communication Systems.”​ ​Conference on Wireless and Health​, 2017.  
17 ​ Hayut, Itai, Paul Ben Ishai, Aharon J. Agranat and Yuri Feldman. ​“Circular polarization induced by the 
three-dimensional chiral structure of human sweat ducts.”​ ​Physical Review E​, vol. 89, no. 042715, 2014.  
18 Feldman, Yuri, et al. ​“Human Skin as Arrays of Helical Antennas in the Millimeter and Submillimeter Wave 
Range.” ​Physical Review Letters​, vol. 100, no. 128102, 2008.  
19 ​Adams, Jessica A., et al. ​"Effect of mobile telephones on sperm quality: a systematic review and meta-analysis." 
Environment International,​ 70, 2014, pp. 106-112. 
20 ​Deshmukh, P.S., et al. ​"Cognitive impairment and neurogenotoxic effects in rats exposed to low-intensity 
microwave radiation."​ ​International Journal of Toxicology​, vol. 34, no. 3, 2015, pp. 284-90. 
21 ​Aldad, T.S., et al. ​"Fetal Radiofrequency Radiation Exposure From 800-1900 MHz-Rated Cellular Telephones 
Affects Neurodevelopment and Behavior in Mice."​ Scientific Reports,​ vol. 2, no. 312, 2012. 
22 Sonmez, O.F., et al. ​"Purkinje cell number decreases in the adult female rat cerebellum following exposure to 900 
MHz electromagnetic field."​ ​Brain Research, ​vol. 1356, 2010, pp. 95-101. 



health risks, particularly risks to children and fetal development.  Most recently, the EMF Scientists have 23

submitted ​Comments to the FCC​ asking the FCC to critically consider the potential impact of the 5th 
generation wireless infrastructure on the health and safety of the U.S. population before proceeding to 
deploy this infrastructure. 
 
California firefighters have lobbied to protect themselves and successfully received exemption on health 
grounds from the installation of these cell towers. Similarly cities and counties should be given the needed 
local controls to protect their citizens from the health and safety risks of these installations. As currently 
envisioned, transmitters can be placed in close proximity to bedrooms and schools without consideration 
of the health of their occupants. Research is critically needed to evaluate the public health and 
environmental impacts of proposed wireless facilities before deployment.  
 
Worldwide, governments are acting to minimize exposures to children as they are most vulnerable. For 
example, the Supreme Court of India upheld the High Court of the State of Rajasthan’s decision to 
remove all cell towers from the vicinity of schools, hospitals and playgrounds because of radiation 
“hazardous to life.” In Chile, the 2012 ​“Antennae Law”​ prohibits cell antennae/towers in “sensitive 
areas”.  Please learn more about international policy actions such as these in our ​online briefing​.   24 25

 
The assumption that all wireless technology is safe has been shown through recent studies to be incorrect. 
EHT strongly opposes the widespread installation of 5G antennas and towers and believes that the state 
should move forward on its commitment to support the installation of fiber optic cables buried in the 
ground to every business, home, school, and hospital in California. We urge the state not to ignore this 
evidence of harm from RF. Please vote “no” vote on SB 649 and uphold the rights of local government to 
protect public health and the environment.  
  
Sincerely, 

 
Devra Davis, PhD, MPH 

Fellow, American College of Epidemiology 
Visiting Prof. Hebrew Univ. Hadassah Medical Center & Ondokuz Mayis Univ. Medical School 
Associate Editor, ​Frontiers in Radiation and Health 
President, Environmental Health Trust 
 
 

23 ​Blank, M., et al. ​"International Appeal: Scientists call for protection from non-ionizing electromagnetic field 
exposure."​ European Journal of Oncology,​ vol. 20, no. 3/4, 2015, pp. 180-2. 
24 ​“New communications antenna law in Chile.”​ ​Communications Law: Newsletter of the International Bar 
Association Legal Practice Division​, vol. 20, no. 1, 2013, pp. 14-16.  
25 ​“International Policy Briefing: Cautionary Policy on Radiofrequency Radiation Actions by Governments, Health 
Authorities and Schools Worldwide.”​ Environmental Health Trust, 2017.  



 

Sacramento Office:  1107 9th Street, Suite 625, Sacramento CA 95814  Ph.  916-333-0566 

 
 
July 26, 2017 
 
The Honorable Ben Hueso 
Member of the California State Senate 
Room 4035, State Capitol 
Sacramento, CA 95814 
 
RE:  SB 649 (Hueso) – Small Cell Wireless Facilities - OPPOSE 
 
Dear Senator Hueso: 
 
Environmental Working Group (EWG) respectfully opposes your SB 649, which would make the 
installation of small cell wireless facilities, such as those used to facilitate 5G networks, ministerial 
rather than discretionary at the local government level.  
 
The health impacts of cellular transmissions have been debated for over ten years because there are 
studies that raise real concerns about the effects of radio frequency radiation on humans.  This is why 
EWG sponsored two bills by former Senator Leno, SB 1212 (2010) and SB 932 (2011) that would 
have required sellers of cell phones to inform consumers to minimize exposure to cell phone radiation 
by reading the manual that comes with the phone, as this is in fact recommended by cell phone 
manufacturers in their included manuals.  
 
Studies on the health impacts of cell phones and their transmission infrastructure are continuing, but 
there is already adequate existing sound science for government to proceed with caution on the roll-out 
of the new technology.  In particular, the results of the $25 million National Toxicology Program study 
(2016) that showed tumors in rats caused by a typical amount of heavy cell phone use are to be 
reckoned with.  And, most of the past science has analyzed older cellular technology like 2G and 4G, 
so we are moving into uncharted waters with 5G with its different wavelengths and energy levels.   
    
Local governments must be able to evaluate science and respond to the wishes of their citizens and 
neighborhoods before permits are issued for this technology and SB 649 short-circuits that process.  
This includes important decisions about locating the technology near homes, schools, and hospitals.  
We simply cannot rely upon the word of the FCC (in terms of safety standards) to protect the health of 
Californians.   
 
For these reasons, EWG will be urging a “no” vote for the Assembly floor.  We will be writing a 
separate letter to the Assembly Appropriations Committee on fiscal concerns. 
 
Sincerely, 

  
Bill Allayaud 
California Director of Government Affairs 
Environmental Working Group 
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Martin Pall, PhD 
August 7, 2017 
 
Dear California Legislators, 
 
I am Dr. Martin Pall, Professor Emeritus of Biochemistry and Basic Medical Sciences at 
Washington State University. I am a published and widely cited scientist on the 
biological effects of electromagnetic fields and speak internationally on this topic. I am 
particularly expert in how wireless radiation impacts the electrical systems in our bodies. 
I have published 7 studies showing there exists exquisite sensitivity to electromagnetic 
fields (EMFs) in the voltage sensor in each cell, such that the force impacting our cells at 
the voltage sensor has massive impact on the biology on the cells of our bodies [1-7]. 
These papers are discussed in over 360,000 web sites which can be easily found by 
Googling (Martin Pall electromagnetic).  I received my PhD at Caltech, one of the top 
scientific institutions in the world. 
   
EMFs act by activating channels in the membrane that surrounds each of our cells, called 
voltage-gated calcium channels (VGCCs).  The EMFs put forces on the voltage sensor 
that controls the VGCCs of about 7.2 million times greater than the forces on other 
charged groups in our cells [4,6,7].  This is why weak EMFs have such large biological 
effects on the cells of our bodies!  EMFs works this way not only on human and diverse 
animal cells [1-7] but also in plant cells [7] so that this is a universal or near universal 
mechanism of action.  
 
Thousands of published studies show biological and health effects from 
electromagnetic fields. We now know the mechanism that can explain these effects. 
The mechanism is a function of the electromagnetics of each cell—not solely about 
heating effects from the radiation (on which present FCC guidelines are based). 
 
This new understanding [1-7] means we can debunk the claims of the wireless industry 
that there cannot be a mechanism for effects produced by these weak EMFs.  The 20 
years plus of industry propaganda claims are false.  Rather the thousands of studies 
showing diverse health impacts of these EMFs can be explained.  We now have a 
mechanism, one that is supported by both the biology and the physics, both of which are 
pointing in exactly the same direction.  I am sending as a separate document a list of 134 
reviews, each of which provides from 12 to over a thousand individual citations showing 
health impacts of low intensity EMFs, EMFs that the telecommunications industry claims 
cannot have such effects.  These 134 reviews and thousands of primary scientific 
papers they cite show that the industry propaganda has no scientific support 
whatsoever. 
 
The consensus among independent scientists on this is further confirmed by the 2015 
(and later) appeal made to the United Nations and member states, stating that the current 
EMF safety guidelines are inadequate because they do not take into consideration non-
thermal effects.  This was signed by 225 scientists from 41 countries, each of whom had 
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published peer reviewed studies on EMF health effects – a total of 2,000 papers 
published in this area by the signers, a substantial fraction of the total publications in this 
area. 
 
According to industry, the forces electromagnetic fields place on electrically-
charged groups in the cell are too weak to produce biological effects. However, the 
unique structural properties of the voltage-gated calcium channel (VGCC) protein 
can, it turns out, explain why the force on a cell’s voltage sensor from low-intensity 
EMFs are millions of times stronger than are the forces on singly-charged groups 
elsewhere in the cell. 
 
It would be a disaster for the health of Californians to be exposed to the antennas 
envisioned in SB.649. The State of California would be making a grave mistake to 
proceed with supporting the commercial interests of the wireless industry with this 
legislation. Legislators would best pause to understand the gravity of the biological 
effects, and the ramifications for physical and mental health, as well as 
consequences from continual damage to human DNA, and learn the facts from 
scientists who are independent of the wireless industry, not from the industry 
lobbyists who have a gigantic conflict of interest. 
 
VGCC activation in cells produced by low intensity EMFs can explain long-reported 
findings that electromagnetic fields and a wide range of biological changes and health 
effects.  The first 6 of these (see below) were well documented 46 years ago in the U.S. 
Office of Naval Medical Research report, published in 1971 [8].  The others that follow 
have been extensively documented subsequently in the peer-reviewed scientific literature: 
1) Various neurological/neuropsychiatric effects, including changes in brain structure and 
function, changes in various types of psychological responses and changes in behavior. 
2) At least eight different endocrine (hormonal) effects. 
3) Cardiac effects influencing the electrical control of the heart, including changes in 
ECGs, producing arrhythmias, changes that can be life threatening. 
4) Chromosome breaks and other changes in chromosome structure. 
5) Histological changes in the testes. 
6) Cell death (what is now called apoptosis, a process important in neurodegenerative 
diseases). 
7) Lowered male fertility including lowered sperm quality and function and also lowered 
female fertility (less studied). 
8) Oxidative stress. 
9) Changes in calcium fluxes and calcium signaling. 
10) Cellular DNA damage including single strand breaks and double strand breaks in 
cellular DNA and also 8-OHdG in cellular DNA. 
11) Cancer which is likely to involve these DNA changes but also increased rates of 
tumor promotion-like events. 
12) Therapeutic effects including stimulation of bone growth. 
13) Cataract formation (previously thought to be thermal, now known not to be). 
14) Breakdown of the blood-brain barrier. 
15) Melatonin depletion and sleep disruption. 
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They may be low intensity but with regard to the VGCCs, electromagnetic fields  
can have a tremendously powerful impact on the cells of our bodies.  Furthermore, 
published studies showing that calcium channel blocker drugs block or greatly lower 
biological effects from electromagnetic fields confirm there is a VGCC activation 
mechanism that is causing various effects.  Higher frequency electromagnetic fields from 
5G technologies on the horizon pose even greater biological concern than those to which 
we are exposed today.  We should be moving, instead, to wired technologies at every 
opportunity, based on what we know in science today, not expanding and supporting the 
proliferation of wireless.   
 
I want to make several additional points very clear:  
 

1. The Physics and the Biology are both pointing in the same direction.  Both show 
that EMFs act primarily via activating the VGCCs in the cells of our bodies. 

2. DNA damage known to be produced by these EMFs occur in human sperm and 
may also occur in human eggs, leading to large increases in mutation in any 
children born.  It is thought that an increase in mutation frequency of 2.5 to 3-fold 
will lead to extinction because of accumulation of large numbers of damaging 
mutations.  We may already be over this level, and if so, simply continuing our 
current exposures will lead to eventual extinction.  Further increases in exposures 
will be more rapidly self-destructive. 

3. Pulsed EMFs are, in most cases, more biologically active and therefore more 
dangerous than are non-pulsed (continuous wave) EMFs.  All cordless 
communication devices communicate via pulsations, because it is the pulsations 
that carry the information communicated.  All the industry claims of safety are 
based on a theory (only thermal effects) that was known to be wrong back in 1971 
[8] – and that was before many thousands of additional studies were published 
providing massive confirmation that industry claims are false. 

4. The industry is trying to move to much higher frequencies because these much 
higher frequencies allow much higher pulsations and therefore much higher 
transmission of information.  However, these higher pulsation rates make these 
ultra-high devices vastly more dangerous.  This is part of the reasons why it is so 
important to vote down SB.649. 

5. None of our wireless communication devices are ever tested biologically for 
safety – not cell phone towers, not cell phones, not Wi-Fi, not cordless phones, 
not smart meters and certainly not 5G phones, or radar units in cars – before they 
are put out to irradiate an unsuspecting public. 

6. The telecommunications industry has corrupted the agencies that are supposed to 
be regulating them.  The best example of this is that the FCC which regulates 
EMFs in the U.S. is a “captured agency”, captured by the industry it is supposed 
to regulate, according to an 8 chapter document published by the Edmond J. Safra 
Center for Ethics at Harvard University [9].  Is it any wonder, therefore, that the 
industry keeps touting that their devices are within the safety guidelines set by the 
FCC? 
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I urge you to do the right thing on behalf of the health of Californians and future 
generations. Please let me know if I can provide further information.  (503) 232-3883. 
 
Sincerely, 
Martin Pall, PhD (Caltech, 1968) 
Professor Emeritus of Biochemistry and Basic Medical Sciences 
Washington State University 
 
Citations: 

1. Pall ML.  2013  Electromagnetic fields act via activation of voltage-gated calcium channels to 
produce beneficial or adverse effects. J Cell Mol Med 17:958-965. 

2. Pall ML.  2014  Electromagnetic field activation of voltage-gated calcium channels: role in 
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June 27, 2017 

 
Assembly Member Cecilia M. Aguiar-Curry 
Local Government Committee Chair       
State Capitol 
P.O. Box 942849 
Sacramento, CA 94249-0004 
Via email   
   
 
Re: SB 649 - OPPOSE 
 
Dear Chair Aguiar-Curry, 
 
On behalf of The Greenlining Institute, I am writing to express our opposition to SB 649.  SB 
649 will not close the digital divide.  Instead, it will allow phone and broadband providers to 
override community decisions about how those communities use public space.  Additionally, SB 
649 will allow providers to use community-owned property without paying just compensation. 

Local Communities Fully Understand the Need for Advanced Phone and Broadband 
Services. 

Every community in California is eager to see faster, more reliable, and more affordable phone 
and broadband service. Local governments are very aware that advanced telephone and 
broadband services are critical for access to educational, employment, and economic 
opportunities.  Access to these opportunities is particularly critical for communities of color, 
who, as a result of the racial wealth and income divides, are more likely to live in areas that lack 
access to advanced phone and broadband services.  State and local governments are particularly 
well-positioned to ensure that providers are serving communities equitably and non-
discriminatorily and that community members have equitable access to economic opportunity.   

SB 649 Would Not Help Close The Digital Divide. 

Sadly, communications providers have repeatedly demonstrated that they will not make 
advanced services available to low-income or rural areas unless they are required to do so.  SB 
649 contains no such requirement, instead allowing providers to pick and choose where to build 
their networks without any community input.  Under SB 649, it is likely that providers will focus 
any service improvements on high-income areas.  SB 649 in no way guarantees that low-income 
communities and communities of color will gain increased access to advanced communications 
services.  Accordingly, SB 649 will not help close the digital divide. 

 

 



 

 
The​ ​Honorable​ ​Jerry​ ​Brown 
Governor,​ ​State​ ​of​ ​California  
c/o​ ​State​ ​Capitol,​ ​Suite​ ​1173 
Sacramento,​ ​CA​ ​95814  
September​ ​17,​ ​2017 
 
RE:​ ​SB​ ​649​ ​(Hueso)​ ​–​ ​Small​ ​Cell​ ​Wireless​ ​Facilities​ ​—​ ​OPPOSE 
  
Honorable​ ​Governor​ ​Brown,  
 
As a nonprofit research and policy organization dedicated to identifying and reducing environmental health              
hazards, Environmental Health Trust (EHT) writes to advise you of serious scientific grounds to veto SB 649 as                  
advanced by Senator Hueso. I have personally served as an expert advisor to the California Department of                 
Public​ ​Health​ ​as​ ​well​ ​as​ ​the​ ​city​ ​of​ ​San​ ​Francisco​ ​and​ ​Berkeley​ ​governments​ ​on​ ​matters​ ​relevant​ ​to​ ​this​ ​bill.  
 
You are globally recognized as a champion of the environment and public health. I remain deeply grateful to                  
you for your forward thinking on climate change and toxics policies which provide moral and political                
leadership at a time when it is sorely lacking. As someone who has been a presidential appointee confirmed by                   
the US Senate, I fully understand the challenges that you face politically. You have provided leadership on the                  
right​ ​side​ ​of​ ​history​ ​in​ ​too​ ​many​ ​ways​ ​to​ ​enumerate.  
 
EHT has a longstanding history of research and policy advice to state, local and national governments regarding                 
strategies to reduce disease and promote health by avoiding environmental health hazards. Our organization              
opposes the broad scale installation of untested wireless antennas and associated electrical equipment close to               
humans​ ​and​ ​through​ ​critical​ ​wildlife​ ​habitat​ ​and​ ​corridors.  
 
The assumption that all wireless technology is safe has been shown through recent studies to be incorrect. EHT                  
strongly opposes the widespread installation of 5G antennas and towers and believes that the state should move                 
forward on its commitment to support the installation of fiber optic cables buried in the ground to every                  
business, home, school, and hospital in California. We urge the state not to ignore this evidence of harm from                   
wireless​ ​technologies.  
 
Specific design standards must first be funded and created for 5G facilities for the more than thirty thousand                  
expected new radiating 5G cell antennas to be constructed on city and county utility light poles and in the right                    
of ways in close proximity to city and county workers, children, residents and visitors. Both federal and local                  
zoning controls are absolutely needed to assure that cellular equipment are installed to avoid significant and                
serious safety threats of electrical shock, fire, and radio frequency (RF) microwave radiation exposures, as well                
as​ ​chronic​ ​impacts​ ​on​ ​public​ ​health​ ​and​ ​the​ ​environment. 
 
Now the challenge before you is one of the most momentous you will have ever faced. The telecom industry is a                     
global multi-trillion dollar phenomenon. They have provided massive amounts of political support throughout             
the political spectrum. Despite this, the weight of science has inexorably demonstrated that the experiment they                



 

have been conducting on ourselves and our progeny is without merit and has already exacted a serious toll for                   
public​ ​health. 
 
SB 649 will pave the way for widespread introduction of 5G microwave wireless radiation frequency (RF) that                 
has never been tested for its impact of public health or the environment. Other RF microwave radiation such as                   
that used by cellphones and other wireless devices has been ​classified as a ‘possible ​carcinogen’ ​by the                 
International Agency for Research on Cancer in 2011 and more recently dubbed a ​‘probable carcinogen,’ ​by                 
expert researchers looking at newer information in 2015. , , In addition, this bill could result in the loss of                  1 2 3

hundreds​ ​of​ ​millions​ ​of​ ​dollars​ ​in​ ​local​ ​revenue,​ ​as​ ​the​​ ​​San​ ​Francisco​​ ​​Chronicle​ ​noted​​ ​​today. 
 
By ignoring growing scientific evidence of harm, the bill effectively will ensure the widespread exposures of                
millions of Californians to an agent that growing numbers of scientists and nations consider a serious health                 
threat. Recently, studies have found that the frequencies which will be used in 5G and other future technologies                  
can have harmful effects , as Dr. Cindy Russell, Vice President of Community Health for the Santa Clara                 4

Medical Association noted. ​As articulated in their state Constitution, California cities and counties have a duty                5

to​ ​protect​ ​the​ ​health​ ​and​ ​safety​ ​of​ ​their​ ​residents. 
  
State and local authority and duty should not be overridden by any preemptive policies such as SB 649 which                   
disregards scientific evidence on this matter as outlined below. Regarding potential health risks from RF a                
number of corporations advise their shareholders that they face serious risks from RF. For instance, Crown                
Castle’s​​ ​​2016​ ​10-K​ ​ANNUAL​ ​REPORT​,​ ​states​ ​that, 

 
“If radio frequency emissions from wireless handsets or equipment on our wireless infrastructure             
are demonstrated to cause negative health effects, potential future claims could adversely affect our              
operations, costs or revenues. The potential connection between radio frequency emissions and            
certain negative health effects, including some forms of cancer, has been the subject of substantial               
study by the scientific community in recent years. We cannot guarantee that claims relating to radio                
frequency emissions will not arise in the future or that the results of such studies will not be adverse                   
to us...If a connection between radio frequency emissions and possible negative health effects were              
established, our operations, costs, or revenues may be materially and adversely affected. We             
currently​ ​do​ ​not​ ​maintain​ ​any​ ​significant​ ​insurance​ ​with​ ​respect​ ​to​ ​these​ ​matters.” 

 

1 ​ ​​World​ ​Health​ ​Organization.​​ ​​“IARC​ ​classifies​ ​radiofrequency​ ​electromagnetic​ ​fields​ ​as​ ​possibly​ ​carcinogenic​ ​to​​ ​​ ​​humans,” 
WHO,​ ​Press​ ​Release,​ ​no.​ ​208,​ ​2011. 
2 ​ ​​IARC​ ​Working​ ​Group​ ​on​ ​the​ ​Evaluation​ ​of​ ​Carcinogenic​ ​Risks​ ​to​ ​Humans.​​ ​​"Non-ionizing​ ​radiation,​ ​Part​ ​2: 
Radiofrequency​ ​electromagnetic​ ​fields."​​ ​​IARC​ ​Monographs​ ​On​ ​The​ ​Evaluation​ ​of​ ​Carcinogenic​ ​Risks​ ​to​ ​Humans ​,​ ​vol.​ ​102, 
pt.​ ​2,​ ​2013. 
3 ​ ​​Morgan,​ ​L.​ ​Lloyd,​ ​et​ ​al.​​ ​​"Mobile​ ​phone​ ​radiation​ ​causes​ ​brain​ ​tumors​ ​and​ ​should​ ​be​ ​classified​ ​as​ ​a​ ​probable​ ​human 
carcinogen​ ​(2A)."​​ ​​International​ ​Journal​ ​of​ ​Oncology,​ ​​vol.​ ​46,​ ​no.​ ​5,​ ​2015,​ ​1865-71. 
4 ​ ​​Feldman,​ ​Yuri,​ ​et​ ​al.​​ ​​“Human​ ​Skin​ ​as​ ​Arrays​ ​of​ ​Helical​ ​Antennas​ ​in​ ​the​ ​Millimeter​ ​and​ ​Submillimeter​ ​Wave​​ ​​ ​​Range.” 
Physical​ ​Review​ ​Letters​,​ ​vol.​ ​100,​ ​no.​ ​128102,​ ​2008. 
5 ​ ​​Russell,​ ​Cindy.​​ ​​“A​ ​5G​ ​Wireless​ ​Future:​ ​Will​ ​it​ ​give​ ​us​ ​a​ ​Smart​ ​Nation​ ​or​ ​Contribute​ ​to​ ​an​ ​Unhealthy​ ​One?”​​ ​​Santa​ ​Clara 
Bulletin,​ ​Jan./Feb.​ ​2017. 



 

Most wireless companies from ​AT&T ​to ​Nokia ​to ​T Mobile ​to ​Verizon Wireless ​have issued ​similar                
warnings​​ ​​to​ ​their​ ​shareholders. 

 
Regarding public health impacts, recently released research findings from the premiere test program of the               
National Institute of Environmental Health Sciences (NIEHS) add to the body of scientific evidence              
indicating that RF microwave radiation can be harmful. The 10 year $25 million NIEHS National Toxicology                
Program’s ​Studies of the Toxicology and Carcinogenicity Cell Phone Radiation ​reports that RF produced              
increases rates of highly malignant very rare tumors: gliomas of the brain and schwannomas of the heart.                 

6

These experimental findings are consistent with human studies showing increased rates of gliomas and              
acoustic neuromas (schwann cells) among humans exposed to cell phone radiation. In addition to increased               
cancers, the NTP study also reported that prenatally exposed animals produced offspring with lower birth               
weight​ ​and​​ ​​evidence​ ​of​ ​direct​ ​genetic​ ​damage. 

  

Since the 2011 WHO/IARC classification, the peer reviewed research connecting microwave exposure to             
cancer has significantly strengthened. ​In ​2015, a study ​replicated a 2010 ​experiment ​that found that weak cell                 
phone signals significantly promote the growth of tumors in mice, and that toxic chemical exposures combine                
with RF to more than double the tumor response. , ​The Ramazzini Institute is engaged in similar research                 7 8

with RF that is 1000 less than the NTP exposures—set to mimic radiation exposure levels caused by network                  
equipment​ ​(e.g.,​ ​cell​ ​tower​ ​antenna​ ​emissions). 

  
Consistent with the ​NTP findings​, the Ramazzini Institute team ​report ​significantly lower litter weights, as               
presented at the January 2017 ​Conference on Wireless and Health ​at Israel Institute for Advanced Study,                
Hebrew University of Jerusalem. ​Findings of effects at such low levels is indication of the capability of low                  9

level​ ​electromagnetic​ ​radiation​ ​exposure​ ​to​ ​result​ ​in​ ​biological​ ​effects. 
  

Other studies finding serious increased risk of glioma in regular cell phone users are of special relevance. In                  
2014, a ​French national study ​linked higher cell phone exposure to increased glioma in cell phone users. ​A                  10

newly published research ​report ​in the ​American Journal of Epidemiology ​finds that Canadians who have               
used cell phones for 558 hours or more have more than a doubled risk of brain cancer. Previous ​published                   11

re-analysis ​of the multi country Interphone study data has found stronger positive associations to glioma risk                

6 ​ ​​Wyde,​ ​Michael,​ ​et​ ​al.​​ ​​"Report​ ​of​ ​Partial​ ​findings​ ​from​ ​the​ ​National​ ​Toxicology​ ​Program​ ​Carcinogenesis​ ​Studies​ ​of​​ ​​ ​​Cell 
Phone​ ​Radiofrequency​ ​Radiation​ ​in​ ​Hsd:​ ​Sprague​ ​Dawley®​ ​SD​ ​rats​ ​(Whole​ ​Body​ ​Exposure)."​​ ​​bioRxiv,​ ​​no.​ ​055699,​ ​2016. 
7 ​ ​​Lerchl,​ ​Alexander,​ ​et​ ​al.​​ ​​"Tumor​ ​promotion​ ​by​ ​exposure​ ​to​ ​radiofrequency​ ​electromagnetic​ ​fields​ ​below​ ​exposure​​ ​​ ​​limits 
for​ ​humans."​​ ​​Biochemical​ ​and​ ​Biophysical​ ​Research​ ​Communications,​ ​​vol.​ ​459,​ ​no.​ ​4,​ ​2015,​ ​pp.​ ​585-90. 
8 ​ ​​Tillmann,​ ​Thomas,​ ​et​ ​al.​​ ​​"Indication​ ​of​ ​cocarcinogenic​ ​potential​ ​of​ ​chronic​ ​UMTS-modulated​ ​radiofrequency​​ ​​ ​​exposure​ ​in 
an​ ​ethylnitrosourea​ ​mouse​ ​model."​​ ​​International​ ​Journal​ ​of​ ​Radiation​ ​Biology,​ ​​vol.​ ​86,​ ​no.​ ​7,​ ​2010,​ ​pp.​ ​529-41. 
9 ​ ​​Belpoggi,​ ​Fiorella.​​ ​​“Recent​ ​findings​ ​on​ ​wireless​ ​radiation​ ​and​ ​health​ ​from​ ​the​ ​Ramazzini​ ​Institute​ ​could​ ​reinforce​​ ​​ ​​the 
NTP​ ​results.”​​ ​​Conference​ ​on​ ​Wireless​ ​and​ ​Health​,​ ​2017.  
10 ​ ​​Coureau,​ ​Gaëlle,​ ​et​ ​al.​​ ​​"Mobile​ ​phone​ ​use​ ​and​ ​brain​ ​tumours​ ​in​ ​the​ ​CERENAT​ ​case-control​ ​study."​​ ​​Occupational 
Environmental​ ​Medicine,​ ​​vol.​ ​71,​ ​no.​ ​7,​ ​2014,​ ​pp.​ ​514-22. 
11 ​ ​​Momoli,​ ​F.,​ ​et​ ​al.​​ ​​"Probabilistic​ ​multiple-bias​ ​modelling​ ​applied​ ​to​ ​the​ ​Canadian​ ​data​ ​from​ ​the​ ​INTERPHONE​​ ​​ ​​study​ ​of 
mobile​ ​phone​ ​use​ ​and​ ​risk​ ​of​ ​glioma,​ ​meningioma,​ ​acoustic​ ​neuroma,​ ​and​ ​parotid​ ​gland​ ​tumors."​​ ​​American​ ​Journal​ ​of 
Epidemiology​,​ ​2017.  



 

among long term users and heavy users and a ​statistically significant association between where tumors were                
located and how much radiation an individual received from their phone. , ​A ​2017 review published by                12 13

Hardell and Carlberg concludes that “RF radiation should be regarded as a human carcinogen causing               
glioma.” I invite you to view videos from Environmental Health Trust’s expert forum in Jackson Hole,                14

Wyoming on July 30, 2017 where longtime World Health Organization advisor ​Dr. Anthony Miller              
presented​ ​the​ ​scientific​ ​evidence​ ​for​ ​his​ ​​updated​ ​opinion​​ ​that​ ​RF​ ​is​ ​a​ ​human​ ​carcinogen.  

 
More recently, ​research carried out by physicists in Israel and others have shown that the higher millimeter                 
wave frequencies to be used in 5G applications uniquely interacts with sweat ducts of the human skin which                  
can then function as antennas to amplify signals. This work extends studies first produced in 1986. The                 15 16

potential long-term impact of such stimulation on precancerous skin growths should be evaluated carefully,              
including potential super-growth of bacteria. A ​lecture ​by Paul Ben-Ishai, PhD, and published research on               17

this​ ​issue​ ​can​ ​be​ ​found​ ​on​ ​the​​ ​​2017​ ​Conference​ ​website​. , ,​ ​  18 19 20

 
Cancer is not the only health concern presented by wireless devices and infrastructure. Impacts on                
reproduction ​and ​brain development ​have also been repeatedly reported in the peer reviewed literature in               
addition​ ​to​ ​a​ ​myriad​ ​of​ ​other​ ​adverse​ ​effects. ​,​ ​ ,​ ​ ,​ ​

 
21 22 23 24
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fields​ ​in​ ​the​ ​environment:​ ​what​ ​are​ ​their​ ​effects​ ​on​ ​bacteria?”​​ ​​Applied​ ​Microbiology​ ​and​ ​Biotechnology​,​ ​vol.​ ​100,​ ​no.​ ​11, 
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24 ​ ​​Sonmez,​ ​O.F.,​ ​et​ ​al.​​ ​​"Purkinje​ ​cell​ ​number​ ​decreases​ ​in​ ​the​ ​adult​ ​female​ ​rat​ ​cerebellum​ ​following​ ​exposure​ ​to​ ​900​​ ​​ ​​MHz 
electromagnetic​ ​field."​​ ​​Brain​ ​Research,​ ​​vol.​ ​1356,​ ​2010,​ ​pp.​ ​95-101. 



 

In light of these developments showing growing evidence of the biological impact of RF, it is imperative that                  
new infrastructure and 5G not be introduced widely into commerce at this time. The State of California                 
needs to critically consider the potential impact of massive new and possibly carcinogenic wireless              
exposures to their population. Before introducing additional untested wireless technology into the            
environment,​ ​it​ ​is​ ​necessary​ ​to: 

● model​ ​exposures​ ​to​ ​infants,​ ​children​ ​and​ ​pregnant​ ​women; 
● conduct​ ​experimental​ ​tests​ ​on​ ​exposures’​ ​impacts​ ​on​ ​wildlife;​ ​and 
● evaluate​ ​impacts​ ​on​ ​human​ ​systems​ ​through​ ​in​ ​vitro​ ​and​ ​in​ ​vivo​ ​toxicology 
 

In 2015, the ​International EMF Scientist Appeal​, now signed by over 225 scientists from 41 nations, was                 
submitted to the Secretary-General of the United Nations, the Director-General of the World Health              
Organization and U.N. Member Nations urging the development of more protective guidelines for EMF              
(including RF-EMF), encouraging precautionary measures, and calling for education of the public about health              
risks, particularly risks to children and fetal development.​23 ​The EMF Scientists later submitted ​Comments to               
the​ ​FCC​​ ​​asking​ ​the​ ​FCC​ ​to​ ​critically​ ​consider​ ​the​ ​health​ ​impact​ ​of​ ​the​ ​5G.  

 
Most recently, in September 2017, over 180 scientists and doctors from 35 countries sent a ​declaration to the                  
European Union calling for a moratorium on 5G expansion citing potential neurological impacts, infertility, and               
cancer.  25

  
California firefighters have ​lobbied to protect themselves and successfully received exemption on health             
grounds from the installation of these cell towers. Similarly cities and counties should be given the needed                 26

local controls to protect their citizens from the health and safety risks of these installations. As currently                 
envisioned, transmitters can be placed in close proximity to bedrooms and schools without consideration of the                
health of their occupants. Research is critically needed to evaluate the public health and environmental impacts                
of​ ​proposed​ ​wireless​ ​facilities​ ​before​ ​deployment. 
 
The organization that I founded a decade ago, Environmental Health Trust, is not opposing cell phones. We are                  
in favor of public health and we note that the California Department of Public Health has ​drafted guidelines ​for                   
safer​ ​use​ ​of​ ​phones​ ​so​ ​that​ ​the​ ​public​ ​reduce​ ​radiofrequency​ ​exposure​ ​for​ ​more​ ​than​ ​a​ ​decade.  
 
As my colleagues who have been supported by the US Department of Defense on 5G have written to you, the                    
evidence is compelling that this technology can interact with human body in ways that have never been                 
evaluated for their long-term impact on health and safety. Recently, studies have found that the frequencies                
which will be used in 5G and other future technologies can have harmful effects , as Dr. Cindy Russell, Vice                   27
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President of Community Health for the Santa Clara Medical Association noted. As articulated in their state                28

Constitution,​ ​California​ ​cities​ ​and​ ​counties​ ​have​ ​a​ ​duty​ ​to​ ​protect​ ​the​ ​health​ ​and​ ​safety​ ​of​ ​their​ ​residents.  
 
Cardiologists are reporting increased numbers of patients with atrial fibrillation and heart disease who have no                
inherited risk factors. A recent study by Professor Gemma Figtree, published in the ​European Journal of                
Preventive Cardiology​, found that the rate of heart attacks and heart disease in persons with no known risk                  
factors has more than doubled in less than a decade. Similar rates of serious eye problems and attention deficit                   29

disorder continue to increase without any knowns. Certainly, the phenomenal growth in the use of wireless                
technology​ ​should​ ​be​ ​explored​ ​as​ ​one​ ​of​ ​the​ ​explanations​ ​for​ ​these​ ​serious​ ​public​ ​health. 
 
Please​ ​veto​ ​SB​ ​649​ ​and​ ​uphold​ ​the​ ​rights​ ​of​ ​local​ ​government​ ​to​ ​protect ​ ​public​ ​health​ ​and​ ​the​ ​environment.  
 
Sincerely, 

 
Devra​ ​Davis,​ ​PhD,​ ​MPH 

Founder​ ​&​ ​President,​ ​Environmental​ ​Health​ ​Trust  
Fellow,​ ​American​ ​College​ ​of​ ​Epidemiology 
Visiting​ ​Professor​ ​of​ ​Medicine,​ ​Hebrew​ ​University​ ​of​ ​Jerusalem​ ​and​ ​Ondokuz​ ​Mayis​ ​University  
 
CC  
Tom​ ​Dyer,​ ​Chief​ ​Deputy​ ​Legislative​ ​Affairs​ ​Secretary  
 
Letter​ ​from​ ​Dr.​ ​Paul​ ​Ben​ ​Ishai​ ​to​ ​Governor​ ​Brown  
Order Instituting Rulemaking to update the ​Commission’s policies and procedures related to Rulemaking             
04-08-020​ ​electromagnetic​ ​fields​ ​emanating​ ​from​ ​regulated​ ​(Filed​ ​August​ ​19,​ ​2004)​ ​utility​ ​facilities. 
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Beatrice Alexandra Golomb, MD, PhD 
Professor of Medicine 
UC San Diego School of Medicine 
9500 Gilman Drive, #0995 
La Jolla, CA 92093-0995 
Phone: 858 558-4950 x201 
         August 18, 2017 
To whom it may concern, 
 
I urge in the strongest terms that you vigorously oppose California SB 649.   
 
If this bill passes, many people will suffer greatly, and needlessly, as a direct result. 
 
This sounds like hyperbole. It is not.  
My research group at UC San Diego alone has received hundreds of communications from people who 
have developed serious health problems from electromagnetic radiation, following introduction of new 
technologies. Others with whom I am in communication, have independently received hundreds of 
similar reports. Most likely these are a tip of an iceberg of tens or perhaps hundreds of thousands of 
affected person. As each new technology leading to further exposure to electromagnetic radiation is 
introduced – and particularly introduced in a fashion that prevents vulnerable individuals from avoiding 
it – a new group become sensitized to health effects. This is particularly true for pulsed signals in the 
radiowave and microwave portion of the spectrum, the type for which the proposed bill SB 640 will 
bypass local control.  
 
Mechanisms by which health effects are exerted have been shown to include oxidative stress (the type 
of injury against which antioxidants protect ,see optional section below), damage to mitochondria (the 
energy producing parts of cells), damage to cell membranes1, 21, and via these mechanisms, an impaired 
“blood brain barrier”3-5 (the blood brain barrier defends the brain against introduction of foreign 
substances and toxins; additionally, disruption can lead to brain edema6), constriction of blood vessels 
and impaired blood flow to the brain7, and triggering of autoimmune reactions8, 9. Following a large 
exposure, that depresses antioxidant defenses, magnifying vulnerability to future exposures, some 
persons no longer tolerate many other forms and intensities of electromagnetic radiation that previously 
caused them no problem, and that currently cause others no problem. But this group deserves – nay 
needs -- the right to be able to avoid these exposures.  
 
Affected individuals not only experience “symptoms” that “merely” cause them distress and 
suffering, when they are exposed – symptoms like headaches10, 11, ringing ears10, 11 and chest pain10 from 
impaired blood flow, heart rhythm abnormalities10, 11, and inability to sleep10, 11. These symptoms arise 
from physiological injury. Moreover, many experience significant health problems that can include 
seizures11, heart failure, hearing loss12-14 and severe cognitive impairment11, 15. The mechanisms 
involved are those also involved in development and progression of neurodegenerative conditions 
including Alzheimer’s disease16.   
 



 
Fully half who were employed when their problems developed lost their job because of the 
problem, among participants of a survey we conducted. They reported that their condition had cost 
them up to 2 million dollars to date. Many had lost their homes. A number became homeless, and have 
swelled the ranks of so-called “EMF refugees”17-19. Among those affected, many were previously high 
functioning individuals – engineers, doctors, lawyers. The best and the brightest are among those whose 
lives – and ability to contribute to society –will be destroyed. High profile individuals with 
acknowledged electrohypersensitivity include, for instance,  Gro Harlem Brundtland – the former 3-time 
Prime Minister of Norway and former Director General of the World Health Organization20; Matti 
Niemela, former Nokia Technology chief21; as well as the wife of Frank Clegg22, who formerly headed 
Microsoft Canada and is current head of Canadians for Safe Technology23. 
 
Each new roll-out of electromagnetic technology for which exposure is obligatory, swells the ranks 
of those who develop problems with electromagnetic fields (EMF).- particularly following a 
significant exposure to pulsed radiowave-microwave radiation, and particularly when people have no 
ability to avoid it.  
 
Many state that they didn’t give credence to the problem (if they had heard of it at all) until they 
themselves fell prey to it.  
 
This is not a psychologically driven condition. Multiple objective physiological changes reflecting 
mechanisms of injury have been shown in persons with this condition24, 25.  
 
The role for oxidative stress, that has been shown in innumerable studies (below), is affirmed by 
evidence of a link of this condition to genetic variants in antioxidant defenses, that are less avid in 
defending against oxidative stress307

.  People cannot manipulate their genes, to produce such an outcome 
by suggestibility. 
 
An analysis by a University of Washington researcher showed that most studies funded by 
industry reported failure to show physiological effects. However, most studies without such 
industry bias affirmed effects. This is redolent of findings shown in medicine26, regarding which the 
former editor in chief of the BMJ (the British Medical Journal), Richard Smith, noted, based on findings 
of a study, “This {result} suggests that, far from conflict of interest being unimportant in the objective 
and pure world of science where method and the quality of data is everything, it is the main factor 
determining the result of studies.”27. So where articles deny injury from nonionizing radiowave-
microwave radiation, there is commonly a stake aligned with financial benefit from such denial. 
 
Those who are affected are in desperate need of protection by our elected officials. They need 
creation of safe spaces and housing, and roadways to allow travel, not removal of any prospect of one; 
protection of local rights to make decisions - not removal of any recourse or ability to avoid what 
injures them. They are far more strongly in need of protections than a great many protected classes – 
their problems arose due to actions of others, against which they were given no control – and can be 
reversed, in most cases, if the assault on them is rolled back. Through no fault of their own, and in some 
cases against their will (e.g. before opt out was permitted with smart meters), they were subjected to an 



 
exposure that has altered their lives as they knew them, and forced them – needlessly - to the margins of 
society. 
 
Let our focus be on safer, wired and well shielded technology – not more wireless. 
 
This legislation, if passed, and the resulting unrestricted roll-out of this technology, will 
predictably and directly injure and disable a new group, and add depth of suffering to those already 
affected. 
 
In other spheres we abridge freedoms to protect the vulnerable few. We require that every 
schoolchild be vaccinated, supposedly to protect the vulnerable few who may not respond effectively to 
a vaccine. The need to protect the vulnerable group is deemed to be so great that it justifies the decision 
to abridge individual rights.  
 
In contrast, this bill seeks to abridge individual freedoms, and local rights, in the service of 
harming a vulnerable group, and creating a new one.  
(The common factor appears to be that in both cases, the direction is aligned with a powerful industry 
that influences political decisions.)  
Luckily, no abridgment of individual rights and freedoms is required to protect,t here. 
 
If any group can opt out (such as, I understand, firefighters*)28; then every group deserves that equal 
right. Others should not be second class citizens, subject to fewer protections. 
 
It would go far to helping this cause if anyone complicit in promoting or passing the legislation  (and 
then after that, their families) were required to be the first subjected, for a substantial test period, to the 
greatest amount of exposure that anyone else (and their families) may be subjected to, when new 
policies of this type are rolled out. It will still not do them equal damage; because they may not represent 
the vulnerabilities that others will have; but such a policy might help them to think twice. That is a bill I 
would strongly endorse. 
 
Most who are now affected – were not, until they were. This may become you – or your child or 
grandchild. Moreover, if you have a child, or a grandchild, his sperm, or her eggs (all of which she will 
already have by the time she is a fetus in utero), will be affected by the oxidative stress damage created 
by the electromagnetic radiation, in a fashion that may affect your future generations irreparably. 
 
It was noted above that, among survey completers, fully half of those who were employed at the time 
they developed electrosensitivity, lost employment due to this problem. (This may understate the scope 
of the tragedy, since this most-affected group may be least likely to be able to respond to an online 
survey.) Many who previously had no problem navigating in the world are now restricted from 
access to basic services like hospital care, post offices and libraries because of these problems. With 
each new introduction of technology that exposes many to yet a new nondiscretionary source of 
electromagnetic radiation, particularly (but not exclusively) that which emits pulsed radiation in the 
radiowave-microwave part of the spectrum, a new group of people are affected; and the suffering of 
those who are already affected increases greatly.   



 
 
Please, defend the public and our future. Protect the rights of the individual and the locality, against a 
form of incursion that will lead to serious harm to some – and set a terrible precedent. Vote no on 
California SB 649, and urge that everyone else do the same. 
 
Sincerely, 
 
Beatrice Alexandra Golomb, MD, PhD 
Professor of Medicine 
UC San Diego School of Medicine 
 
 
*Comment on the fire fighter exemption:“The legislature granted an exemption from SB 649 to the 
firefighters who requested it for health reasons. Throughout California firefighters have long complained 
of often disabling symptoms from cell towers on their stations. Cities frequently rent out space on fire 
stations to add to city revenue. …Symptoms experienced by the firefighters have included neurological 
impairment including severe headache, confusion, inability to focus, lethargy, inability to sleep, and 
inability to wake up for 911 emergency calls. Firefighters have reported getting lost on 911 calls in the 
same community they grew up in, and one veteran medic forgot where he was in the midst of basic CPR 
on a cardiac victim and couldn’t recall how to start the procedure over again…Prior to the installation of 
the tower on his station, this medic had not made a single mistake in 20 years. A pilot study (2004) of 
California firefighters showed brain abnormalities, cognitive impairment, delayed reaction time, and 
lack of impulse control in all 6 firefighters tested (https://ecfsapi.fcc.gov/file/7022117660.pdf). This 
study led to the overwhelming passage of Resolution 15 by the International Association of Firefighters 
in Boston in August 2004. Res. 15 called for further study and was amended to impose a moratorium on 
the placement of cell towers on fire stations throughout the US and Canada.”15 28  
Clearly, others who experience similar problems also deserve protections. 
 
Optional – More on the Science 

There is a robust literature showing that electromagnetic radiation, including in 
nonionizing frequencies, and at levels29, 30 below those that are  cause thermal effects 
(heating) – causes physiological effects, injury, and cell death –not only in humans but 
many animals and plants3, 7, 31-49. Unsurprisingly, industry has sought – against the tide of 
evidence to the contrary - to maintain that radiation must be ionizing or heating to cause 
injury.  
 
Scores or hundreds of studies show that radiation, including specifically radiowave-
microwave spectrum radiation, and including low-level exposure, can impair antioxidant 
defenses, increase “oxidative stress” (free radical injury) and damage mitochondria, the 
energy producing parts of cells1, 2, 34, 50-6930, 70-104105-13646, 137-171.  These effects occur with 
ionizing and nonionizing radiation, at thermal and subthermal levels. (Indeed, much or most 
of the damage by ionizing radiation, and radiation above the thermal limit, occurs by 
mechanisms also documented to occur without ionization, and below the thermal limit.) These 



 
mechanisms cohere with the mechanisms documented to play a role in symptoms and health 
conditions that are reported in those who are electrosensitive – extending to seizures172-176, 
heart failure177-184 and cognitive decline5, 32, 57, 108, 185-195. 
 
These mechanisms have known involvement in induction of brain cancer, metabolic 
diseases like obesity and diabetes, autism, autoimmune disease, and neurodegenerative 
conditions, conditions that have exploded. In each case these have been linked, or 
presumptively linked, in some studies to electromagnetic radiation8, 9, 16, 34, 196-219. 
 
Such radiation also has effects on sperm33, 100, 220-228; and the DNA of sperm229 (consistent 
with recent news reports of marked recent declines in sperm counts and function).. 
 
Such radiation also has toxic effects in pregnancy230, to the fetus and subsequent 
offspring231-235 including at low levels236, and is tied to developmental problems in later 
life, including attention deficit and hyperactivity31, 235-241. It is critical to defend pregnant 
women (and eggs of girls who may at a later time become pregnant) from exposures with such 
toxicity. 

 
Electromagnetic radiation across much or most of the spectrum (not excluding visible 
light) has been shown to depress levels of melatonin40, 72, 242-252, which is best known for its 
role in sleep (and indeed, impaired sleep is the most consistent symptom in affected 
individuals10, 11).   
 
Melatonin is in fact a critical antioxidant that defends the body against harm from many 
toxic exposures253-266 including electromagnetic radiation itself 61, 66, 67, 82, 101, 107, 118, 121, 138, 

144, 151, 204, 249, 267-284- reducing the oxidative stress that is implicated in cancer, metabolic 
diseases like obesity and diabetes, autism, autoimmune disease, bipolar disorder and 
neurodegenerative conditions, and that also plays a role in heart attack and stroke9, 285-329330-

343.   
 
Radiation, and specifically radiation in the radiowave-microwave portion of the 
spectrum can also depress levels of other critical antioxidant systems that also defend the 
body against chemical, radiation, and other sources of injury. These other antioxidant systems 
include the glutathione system, superoxide dismutase and catalase81, 102, 115, 116, 233, 344-358 - 
which are also involved in defending against health problems.  
 
This suggests that depression of antioxidant defenses due to electromagnetic radiation 
may magnify risk of chemically induced health effects (and depression of antioxidant 
systems due to some chemicals may amplify risk of harm from electromagnetic 
radiation).  Indeed just such effects have been reported359, 360. 
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List	of	142	Reviews	on	Non-thermal	Effects	of		
Microwave/Intermediate	Frequency	EMFs	
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Abstract 12 
Because the position and direction of the human body is not fixed in an actual 13 
environment, the incidence direction of the electromagnetic field (EMF) from mobile 14 
communication base stations, WiFi access points, broadcasting towers, and other far-15 
field sources is arbitrary. To analyze the overall health effects of radio frequency EMF 16 
exposure, the dosimetric assessment for such environmental exposures created from 17 
an unspecified number of sources in daily life, along with exposures from specific 18 
EMF sources, must be quantified. This study is aimed at numerically evaluating the 19 
time-averaged specific absorption rate (SAR) of the human brain for environmental 20 
EMF exposure in the frequency range of 50–5800 MHz. Whole-body exposure to 21 
EMFs that are evenly incident spatially is considered. By comparing the results of 22 
several incidence directions and the number of polarizations, an optimal calculation 23 
condition has been derived. Finally, based on the results measured in Seoul at the end 24 
of 2021, the SAR and daily specific energy absorption (SA) in the brains of both a 25 
child and an adult for downlink exposures from 3G to 5G base stations are reported. 26 
Comparison results of the daily brain SA for exposure to DL EMF in all 3G to 5G 27 
mobile networks and exposure to a 10-min voice call (uplink EMF) using a mobile 28 
phone connected to a 4G network show that the SA from the downlinks is much 29 
higher than that from the uplinks.  30 
 31 
Keywords: EMF exposure, mobile communication, downlink, base stations, numerical 32 
analysis, SAR, SA, Seoul 33 
 34 

1. Introduction 35 

 36 

Numerous epidemiological studies have looked for an association between brain 37 

tumors and exposure to radio frequency (RF) electromagnetic fields (EMFs) (Cardis et 38 

al., 2007; Aydin et al., 2011; Castaño–Vinyals et al., 2022). In Interphone and MOBI-39 

Kids studies, the specific absorption rate (SAR) in the human brain was quantified for 40 

various types and frequencies of mobile phones, based upon which the EMF exposure 41 

of study subjects was evaluated. In other words, only an uplink (UL) EMF radiated 42 

from a mobile phone was considered in previous epidemiological studies.  43 
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In a mobile communication network, the term uplink refers to a transmission 44 

(access link) from user equipment such as a mobile phone (mobile station) to a base 45 

station (fixed station), whereas the term downlink indicates a transmission from a base 46 

station to user equipment. 47 

Owing to the continuous development and changes in mobile communication 48 

technologies, downlink (DL) EMF radiation from base stations is becoming 49 

increasingly complex as networks from different generations of communication 50 

technologies (e.g., 3G through 5G) coexist in a single space. Such radiation is not a 51 

matter of individual choice and can be present at any time. Not all exposures to DL 52 

EMF are of the same frequency and intensity, and depending on the country or region, 53 

the mobile communication technologies serviced differ as do the start and end times of 54 

a specific service. Therefore, the long-term cumulative exposure of individuals living 55 

in different regions may be different. Lifestyle, such as location (e.g., outdoors, at 56 

home, or in a school or vehicle) and duration of stay also affect one’s cumulative 57 

exposure.  58 

The final goal of our study is to evaluate EMF absorption in the detailed brain 59 

structures of both a child and an adult for DL EMF exposure in an arbitrary real 60 

environment, along with UL EMF exposure owing to mobile phone use within the RF 61 

range. To do so, the following two databases (DBs) must be implemented: (1) a DB 62 

consisting of the normalized SAR distributions for far- and near-field exposures at the 63 

frequencies of interest in the brain at different ages and (2) a DB of the DL and UL 64 

exposure levels through large-scale measurements in a real environment. The first DB 65 

consists of SAR distributions, normalized to an electric field (E-field) of 1 V/m, as 66 

well as spatially uniform and SAR distributions, normalized to the maximum power of 67 

the mobile phone when held against the ear. The former SAR distributions are used 68 

for DL exposure evaluations, and the latter SAR distributions are used for UL 69 

exposure evaluations. The DL and UL exposures can be treated as far- and near-field 70 

exposures, respectively. The second DB consists of DL EMF levels and UL power 71 

levels measured for each technology. In addition, network and global positioning 72 

system (GPS) data at the measurement points are also provided in the DB. Therefore, 73 

if these two types of DBs are given, it becomes possible to derive and integrate 74 

detailed doses of the brain for real exposure to DL and UL EMFs at various 75 

frequencies. 76 

The mobile phone types and SAR distributions related to UL exposure owing to 77 

the use of mobile phones, and the UL power level of mobile phones in a real 78 

environment have previously been reported (Lee et al., 2016; Lee et al., 2017; Lee et 79 

al., 2019; Lee et al., 2020; Lee et al., 2021). These previous studies generated the SAR 80 

distributions in the brain of 6- and 9- year-old children, a 15-year-old adolescent and a 81 

22-year-old adult for mobile phone exposure and the SAR distributions become part of 82 

the first DB. The SAR level of the distributions corresponds to the values when the 83 
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output power of the mobile phone is at maximum, which has been determined for each 84 

type of commercial mobile phone model based on a statistical analysis of more than 85 

1400 SAR test reports. Therefore, given the UL power level of a particular mobile 86 

phone in a real environment, the SAR of the detailed brain structure of the 87 

corresponding age can be obtained for the specific phone radiation (UL exposure). 88 

To develop the second DB, the authors carried out drive test measurements 89 

evaluating the DL and UL EMF levels within the residential areas of Seoul, South 90 

Korea (conducted for a limited biennial period and in limited locations, i.e., mostly on 91 

side streets) (Lee et al, 2020; Lee et al., 2021). Various methods have been used to 92 

measure and statistically analyze the EMF levels radiated from sources such as FM 93 

and TV broadcast towers, WiFi access points, and base stations (Birks et al., 2018; 94 

Choi et al., 2018; Calvente et al., 2016; Zeleke et al, 2018; Aerts et al, 2018; Sagar et 95 

al., 2016). In this paper, the far-field EMF radiated from sources in a real environment 96 

is referred to as “environmental EMF” and treated as spatially uniform far-field 97 

radiation. 98 

Because different frequencies generate different of dose levels in the human body, 99 

even when the same EMF levels at different frequencies outside the human body are 100 

given, it becomes necessary to provide them in a dose form for an exposure 101 

assessment, for instance, as an SAR value rather than as an EMF value. 102 

To simulate EMF exposure, the first DB includes brain SAR distributions for UL 103 

EMF (near-field) exposure through mobile phone use and for the incidence (far-field 104 

exposure) of a spatially uniform E-field of 1 V/m. This paper focuses on the brain 105 

SAR for a far-field exposure. The same human head models that were considered 106 

numerically for UL exposure in previous studies (Han et al., 2018; Lee et al., 2019) 107 

were used in this research, allowing the integration of mobile phone and base station 108 

exposures. To simulate a whole-body exposure, each head model was combined with a 109 

body part below the neck appropriate for the corresponding age, which is discussed in 110 

Section 2. 111 

The posture of a live human body continuously changes, and at the same time, 112 

various electromagnetic waves are present around the body. Therefore, a long-term 113 

averaged environmental EMF exposure can be regarded as exposure to multiple plane 114 

waves arriving from random directions at the corresponding frequency. Throughout 115 

this study, this is numerically considered by assuming plane waves uniformly incident 116 

to the human body. The number of incident directions and the number of E-field 117 

polarizations of plane waves incident from the outside surrounding the human body 118 

were analyzed (Section 3.1) to determine the most suitable combination of incident 119 

directions and polarizations for a dosimetric assessment of environmental EMF 120 

exposure.  121 

Using the incidence configuration determined in Section 3.1, as the first step, the 122 

dose in the brain of both a 6-year-old child and an adult is calculated as the SAR for 123 
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environmental EMF exposures with an E-field strength of 1 V/m within the frequency 124 

range of 50 MHz to 5.8 GHz, at which FM and TV broadcasting towers, WiFi access 125 

points, base stations for mobile communications, and other RF sources radiate EMF. 126 

The SAR normalized to 1 V/m can be applied to estimate a specific absorption energy 127 

(SA) for the far-field radiation of an individual source or frequency using the 128 

corresponding E-field strength and exposure duration in a real environment. As the 129 

next step, the SA in the brain in a real DL environment of 3G–5G networks in Seoul is 130 

evaluated and compared to the SA of the exposure to the UL EMF of a mobile phone 131 

in Voice over Long Term Evolution (VoLTE) mode. These series of results are 132 

addressed in Section 3. 133 

 134 

2. Material and methods 135 

2.1. Implementation of whole-body voxel models  136 

The anatomical morphology of the human head at different ages has been 137 

investigated using MRI data from hundreds of Koreans, including young children 138 

beginning their mobile phone use to adults (Han et al., 2018). Average head models 139 

with detailed brain structures based on the average morphology for the selected age 140 

groups of 6-, 9-, 15-, and 20–24-year-old Korean males have been implemented using 141 

a total of 70 head structures. The head models were labeled KR-6, KR-9, KR-15, and 142 

KR-22. Using these models, the age-dependency of brain exposure for mobile phone 143 

use was previously reported (Lee et al., 2020; Lee et al., 2019). 144 

Dosimetric exposure levels should be quantified in the same head model to 145 

integrate exposure to the human brain for various environmental EMFs as well as 146 

EMFs from local sources such as mobile phones. Therefore, the KR-6 and KR-22 147 

head models are employed in this study. The whole-body models for KR-6 and KR-22 148 

had to be implemented because the exposure of plane waves to only a head model may 149 

yield a different brain SAR from that exposed to its whole-body model. Much earlier, 150 

the authors developed a whole-body model in a standing posture using magnetic 151 

resonance imaging (MRI) data of a 7-year-old child volunteer (Lee et al., 2009), and 152 

the 7-year-old model was nonlinearly reformed to produce models at other ages based 153 

on external dimensions of the body obtained from the Korean Anthropomorphic 154 

Survey (Lee and Choi, 2012).  155 

To implement the whole-body models with KR-6 and KR-22, the following 156 

technique was employed in this study. First, the external dimensions of the body part 157 

below the neck of the 7-year-old model were non-linearly modified to fit the bodies of 158 

6- and 22-year-old individuals. The heads of the modified models were then replaced 159 

with KR-6 and KR-22, respectively. The 6- and 22-year-old whole-body models were 160 

implemented using a voxel size of 1 × 1 × 1 mm3 or 2 × 2 × 2 mm3, hereafter referred 161 

to as KR-6-WB and KR-22-WB, respectively. From the left, KR-6-WB, the internal 162 
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structures of KR-6 and KR-22-WB, and the internal structures of KR-22 are shown in 163 

Fig. 1, respectively. 164 

 165 
KR-6-WB                                                                       KR-22-WB 166 

Figure 1. Whole-body models KR-6-WB and KR-22-WB (2 × 2 × 2 mm3) implemented with head models 167 

KR-6 and KR-22. 168 

 169 

2.2. Numerical method 170 

The finite-difference time-domain (FDTD) method was used to calculate the SAR of 171 

the whole-body models KR-6-WB and KR-22-WB in the frequency range of 50 MHz 172 

to 5.8 GHz. In the frequency ranges of 50 MHz to 3 GHz and 3 GHz to 5.8 GHz, 173 

uniform cell sizes of 2 × 2 × 2 mm3 and 1 × 1 × 1 mm3, respectively, were employed 174 

in the computational domain. A perfectly matched layer condition (Berenger, 1994) 175 

was employed for the absorbing boundary condition. A human voxel model was 176 

located at the center of the computational space for an isolated condition. In the 177 

authors’ previous study (Lee and Choi, 2012), variations in the WBA SAR owing to 178 

changes in the dielectric properties based on age were checked for certain child 179 

models within the frequency range of the γ dispersion, and the differences were found 180 

to be marginal. Thus, in this study, the SAR was calculated using adult tissue 181 

properties according to a 4-Cole–Cole dispersion model (Gabriel, 1996). 182 

As has been reported by many researchers, it is well known that a vertically 183 

polarized E-field incidence to the anterior region of the body brings about the highest 184 

whole-body average SAR (SARwbody) at most frequencies in comparison with other 185 

polarizations and incident directions. This is despite the fact that a horizontal 186 

polarization produces a higher WBA SAR in the region above 2 GHz (Dimbylow et al, 187 

2010; Bakker et al., 2010; Hirata et al., 2010).  188 
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However, to evaluate the time-averaged SAR in the brain of a human body in 189 

unfixed postures and under exposure to a number of EMF sources surrounding it in a 190 

living environment, an infinite number of spatially uniform incident fields with 191 

different polarizations and incident directions should be considered at each frequency. 192 

Because it is impossible to conduct an infinite number of numerical simulations, an 193 

effective configuration with a finite number of plane wave incidences is required.  194 

 195 

Fig. 2. Propagation direction and polarization of an incident wave (Taflove and Hagness, 2005). 196 

 197 

Meanwhile, the method proposed in (Taflove and Hagness, 2005) was employed to 198 

define the propagation direction and polarization of an incident plane wave, as shown 199 

in Fig. 2. Using the spherical coordinates, the incident unit wave vector inck̂ is 200 

oriented with an angle  relative to the +z-axis of the space lattice, where 0 <  < 201 

180; in addition, with an angle  relative to the +x-axis of the space lattice, where 0 202 

  < 360 (Eq. (1)). To specify the incident-wave polarization, a reference direction 203 

inc
ˆ ˆk z  is defined in the plane of the wavefront. An orientation angle  for incE is 204 

specified relative to this direction, where 0 <  < 360. 205 

 206 

inc
ˆ ˆ ˆ ˆsin cos sin sin cos    = + +k x y z                         (1) 207 

For a spatially uniform field incidence, the distances between neighboring field 208 

incident points on a virtual spherical surface should be the same. Incidences from the 209 

vertices of regular polyhedrons, such as tetrahedron, octahedron, and icosahedron, 210 

meet this requirement. There can be a number of combinations of incident directions 211 

and polarizations for constructing a spatially uniform incidence of the plane waves. In 212 

this study, the vertices of regular octahedron and icosahedron structures are employed 213 

as incident directions. The SAR of KR-6-WB was calculated and compared for three 214 
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configurations of plane waves incident from the vertices. Details of the three 215 

configurations and a comparison of the results are described in Section 3, through 216 

which the optimal configuration was selected. 217 

Using the selected incident wave configuration, the SARwbody, whole-brain average 218 

SAR (SARwbrain), and SAR averaged over 1 g of a brain are calculated as the ratio of 219 

the power dissipated in all voxels consisting of tissues of the corresponding body part 220 

divided by its total mass. The psSAR is defined as the maximum SAR averaged within 221 

a local region based on a specific averaging mass, e.g., any 1 or 10 g of tissue (IEC 222 

2005). Hereafter, the psSAR averaged over a mass of 1 and 10 g is referred to as 223 

psSAR1g and psSAR10g, respectively. In this paper, the psSAR1g of the brain was 224 

calculated according to IEC/IEEE 662704-1 (IEC/IEEE, 2017).  225 

 226 

2.3. SAR and SA estimation for real exposure 227 

The total brain exposure to DL and UL EMFs is derived within mobile 228 

communication networks in this paper. Using the 1-V/m normalized SAR distribution 229 

of a brain calculated according to the method described Section 2.2, the SAR for each 230 

mobile communication technology and the integrated SAR are estimated for DL 231 

EMFs in real 3G, 4G, and 5G networks.  232 

The DL E-field strengths applied to the SAR estimation for real networks are from 233 

the results measured in 2021 using a previously reported method (Lee et al., 2020; Lee 234 

et al., 2021). Because this paper focuses on SAR and SA estimations for DL EMF, the 235 

measurement approach applied is only briefly summarized. As the measurement 236 

equipment used to evaluate the DL EMF for each individual network, an RF scanning 237 

receiver (PCTel Hbflex, 10 MHz to 6 GHz) was employed. The received E-field 238 

samples from a total of 18 frequency bands related to 3G through 5G networks were 239 

recorded along with the GPS data and time information. Meanwhile, an OPTis-M(II) 240 

system (Innowireless Co., Ltd.) consisting of a device and control software was used 241 

to collect UL power samples provided by the chipset of each mobile phone. Several 242 

mobile phones were connected to the measurement system, and UL power samples 243 

were recorded during voice calls using 3G and 4G networks and during the uploading 244 

and downloading of files in 5G NR networks. Power and field samples provided by 245 

the mobile phones and the scanning receiver, respectively, were collected every 246 

second while driving along the side streets in residential areas for a longer than 40-min 247 

period. The measurements were conducted over approximately a 3-month span, and 248 

0.7  106 to 1.0  106 samples were collected for each link of each network in Seoul, 249 

South Korea. 250 

The second database mentioned in Section 1 consists of the above measurement 251 

results for UL and DL exposures. The normalized SAR distributions for the UL 252 

exposure of various types of mobile phones were largely derived in previous studies, 253 

as mentioned in Section 1. Therefore, given the normalized SAR distributions for the 254 
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DL exposure covered in this paper, actual doses from UL and DL exposures in 255 

networks used in Seoul can be integrated. The daily accumulated energy or SA for 24-256 

h exposure to DL EMFs is compared with that of exposure to UL EMF, assuming a 257 

total of 10 min of voice calls on a mobile phone per day. The SAR and SA results 258 

estimated for real mobile networks are described in Section 3. 259 

 260 

3. Results 261 

3.1 Comparison of three incident wave configurations 262 

As mentioned in Section 2.2, to simulate a spatially uniform plane wave incidence, 263 

the SAR was calculated and compared for three configurations with different incident 264 

directions and polarizations. The three configurations shown in Fig. 3 (a), (b), and (c) 265 

are applied to KR-6-WB and compared at 900, 1850, 2650, and 3000 MHz, which are 266 

the main frequencies related to the mobile communication technologies. 267 

 268 

(A) With the Octa-2pol configuration, the incidence directions are from the origin 269 

toward six vertices of the octahedron (where the origin of the octahedron coincides 270 

with the origin of the coordinate system) surrounding the whole body and in each 271 

incidence direction, and two plane waves propagate respectively with mutually 272 

orthogonal polarizations (Fig. 3 (a)). The 12 SAR values obtained at each voxel of the 273 

body model for a total of 12 plane wave incidences (= 6 directions  2 polarizations) 274 

are averaged.  275 

(B) With the Icosa-2pol configuration, the incidence directions are toward 12 276 

vertices of the icosahedron (where the origin of the icosahedron coincides with the 277 

origin of the coordinate system), and in each incidence direction, two plane waves 278 

with mutually orthogonal polarizations are respectively considered (Fig. 3 (b)). The 24 279 

SAR values obtained for a total of 24 plane wave incidences (= 12 directions  2 280 

polarizations) are averaged at each voxel. 281 

(C) With the Icosa-5pol configuration, the incidence directions are from the origin 282 

toward 12 vertices of the icosahedron, and in each incidence direction, five plane 283 

waves with linear polarizations at 72° intervals are considered (Fig. 3 (c)). The 60 284 

SAR values obtained for a total of 60 plane wave incidences (= 12 directions  5 285 

polarizations) are averaged at each voxel. 286 

 287 
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 288 
(a) Octa-2-pol 289 

 290 
(b) Icosa-2-pol 291 

 292 
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 293 
(c) Icosa-5-pol 294 

Fig. 3. Three configurations used to numerically simulate spatially uniform EMF incidence. 295 

Configuration (A) has been used for an SAR evaluation of animals exposed to 296 

EMF in a reverberation chamber (Gong et al, 2017). It was also recently employed for 297 

a far-field exposure assessment of a human body (Liorni et al, 2020). However, the 298 

effects on the number of incidence directions and/or polarizations have yet to be 299 

reported. Table 1 compares the calculation results on the SARwbody and whole-brain 300 

average SAR (SARwbrain) of KR-6-WB for the three configurations. It can be seen that 301 

the difference in the SAR between the Octa-2pol and Icosa-2pol configurations clearly 302 

increases with an increase in frequency. The Icosa-2pol and Icosa-5pol configurations 303 

provide higher results than the Octa-2pol configuration in most cases, and the 304 

difference between the Icosa-2pol and Icosa-5pol configurations is insignificant (< 305 

0.2%). Based on these results, the SARs of a child and an adult (KR-6-WB and KR-306 

22-WB) in the 50 MHz to 5.8 GHz band were calculated using the Icosa-2pol 307 

configuration. 308 

3.2. Normalized SARwbody and SARwbrain (50 MHz to 5.8 GHz) 309 

This section reports the SARwbody and SARwbrain of child and adult models (KR-6-WB 310 

and KR-22-WB, respectively), normalized to 1 V/m within a wide frequency range of 311 

50 MHz to 5.8 GHz, and then compares them with those for a single wave incidence. 312 

The resonant frequency depends on the outer shape of the body viewed from the 313 

direction in which the plane wave travels. Figure 4 shows SARwbody values generated 314 

by 24 incident waves according to the Octa-2pol configuration. When the direction (or 315 

polarization) of an E-field vector is projected onto the body, the path of the plane 316 
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wave along k̂ coincides with the longitudinal direction of the body, and the 317 

corresponding plane wave yields the highest SARwbody within the frequency range of 318 

100−110 MHz, where the 1.144-m height of KR-6-WB corresponds to approximately 319 

0.4-times the wavelength, as reported in previous studies (Lee and Choi, 2012; 320 

Dimbylow, 2002). As shown in Fig. 4, this corresponds to the plane waves polarized 321 

at  = 90 for incident directions 2k̂ through 11k̂ . Because the electrical length of the 322 

body viewed from the incident direction is shortened and diversified, all waves with  323 

= 0, including those incidences from the soles of the body ( 1k̂ ) and the top of the 324 

head ( 12k̂ ), produced a relatively gentle resonance over a wider and higher frequency 325 

band. 326 

Figures 5 and 6 show the SARwbody and SARwbrain of KR-6-WB and KR-22-WB, 327 

respectively, exposed to environmental EMF. They were obtained by averaging the 328 

SAR values at each voxel for the 24 individual wave incidences, as stated in Section 2, 329 

and then calculating the SAR of the whole body and the entire brain. 330 

 331 
Figure 4. SARwbody of KR-6-WB for 24 single plane wave exposures. It was normalized to an incident E-332 

field strength of 1 V/m at each frequency.  333 Jo
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 334 
Figure 5. SARwbody of the child and adult models (KR-6-WB and KR-22-WB) for environmental EMF 335 

exposure. At 3.5 and 5.8 GHz, a voxel size of 1 × 1 × 1 mm3 was used for KR-6-WB, whereas a voxel 336 

size of 2 × 2 × 2 mm3 was used for KR-22-WB owing to an excessive computation time. 337 

 338 
Figure 6. SARwbrain of the child and adult models for environmental EMF exposure.  339 
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The whole-body resonance frequency of KR-6-WB (Fig. 5) is consistent with those 340 

of single waves polarized at  = 90 for incident directions 2k̂ through 11k̂ (Fig. 4);  341 

however, the resonance amplitude (Fig. 5) is much lower than that for the single plane 342 

wave, i.e., 39.7 W/kg/(V/m)2 at 110 MHz for KR-6-WB and 29.5 W/kg/(V/m)2 at 343 

70 MHz for KR-22-WB.  344 

Figure 6 shows the frequency characteristics of the SARwbrain of the child and adult 345 

models. As reported by Lee et al. (2019), KR-6 and KR-22 showed only a 4% 346 

difference in brain (white matter and gray matter) volume, i.e., 1219 mm3 (KR-6) and 347 

1270 mm3 (KR-22), respectively. Because the shape of the brain is not long in any 348 

particular direction, the brain resonance occurred in a relatively wider frequency range 349 

than that of the whole body, i.e., in the frequency range of 300−1000 MHz, with a 350 

mean of 27.8 and standard deviation (SD) of 0.86 dB for KR-6-WB and a mean of 351 

26.0 and SD of 0.64 dB for KR-22-WB. In addition, as the frequency exited this 352 

frequency band (lower and higher frequencies), a larger SAR difference in SARwbrain 353 

between the child and the adult was observed. For example, in the range of 300−1000 354 

MHz, the SARwbrain levels were similar to each other; however, at 2 GHz, SARwbrain of 355 

the child was approximately 50% higher than that of the adult. A similar tendency in 356 

the psSAR was reported for mobile phone exposure at 835 and 1850 MHz (Lee et al., 357 

2019). This similar tendency occurred because the distance from the head surface to 358 

the peripheral region of the child brain is closer compared to that of the adult brain, 359 

and the penetration becomes shallower than at a higher frequency. At low frequencies 360 

of less than 300 MHz, SARwbrain of the adult was higher than that of the child owing to 361 

the resonance of the adult body, and SARwbrain for both the child and adult models 362 

increases sharply over a relatively narrow frequency range. 363 

3.3. DL exposure dose in the brain within a real environment (Seoul, 2021) 364 

Figure 7 shows the SAR distributions on the surface of the whole brain and a cross-365 

section at the mid-height of the brain of KR-6-WB and KR-22-WB for the incidence 366 

of a 1-V/m E-field at the six representative frequencies related to a DL used for 367 

mobile communication. It is notable that the SAR distributions at low and high 368 

frequencies are extremely different. At 900 and 1000 MHz within the resonance 369 

frequency region, a high absorption of electromagnetic energy can be observed in 370 

deep areas of the brain, such as the midbrain and thalamus. When the frequency exits 371 

the resonant region, the absorbed energy is gradually attenuated from the surface of 372 

the brain to the inside, resulting in an extremely low absorption at the center. The 373 

higher the frequency, the faster the attenuation that is observed.  374 
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 375 
Figure 7. Brain SAR distributions of KR-6-WB and KR-22-WB at frequencies related with mobile 376 

communication systems. The E-field strength is 1 V/m at each frequency. 377 

As described in Section 2.3, the authors measured the power of DL channels 378 

radiated from base stations. In this section, based on the above SAR results, the SAR 379 

in the brain of the child and adult models is estimated and presented for a real DL 380 

EMF exposure. Table 2 shows the mean E-field strengths for all DL channels 381 

operating in 3G−5G networks in 2021. They were obtained by analyzing the channel 382 

power samples collected while driving along the side streets in residential areas of 383 

Seoul, as previously reported (Lee et al., 2020; Lee et al., 2021). The E-field strength 384 

for each frequency band is labeled as Ef,n, where the subscripts f and n represent the 385 

frequency (MHz) and its serial number, respectively, as shown in the second column 386 

from the right. Among the six frequencies (Fig. 7) where the SAR was calculated, the 387 

frequency is that closest to the channel frequency. 388 

The SAR distributions at the six frequencies shown in Fig. 7 were used for an 389 

integrative dosimetric evaluation in the brain of KR-6-WB and KR-22-WB for 3G−5G 390 

DL exposures, i.e., the SAR at 900 MHz for 4G B5 DL, the SAR at 1850 MHz for 4G 391 

B3 DL, the SAR at 2150 MHz for UMTS2100 and 4G B1 DL, the SAR at 2650 MHz 392 

for 4G B7 DL, and the SAR at 3550 MHz for 5G DL. The following integrative SAR 393 

distribution was obtained: 394 
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(2) 396 

where SÂRf (x, y, z) is a normalized value for an E-field strength of 1 V/m at a three-397 

dimensional point (x, y, z) in biological tissue, of which the present authors focused on 398 

brain tissue. The subscripts f and n represent the SAR-calculated frequency (MHz) 399 

and the serial number of the sub-frequency regions for the DL within a frequency f of 400 

5%, respectively. For instance, when f is 1850, there are total three sub-frequency 401 

bands (n = 1, 2, and 3) within 1850 MHz 5%, as shown in Table 2.  402 

Liorni et al. (2020) described the concept of integrative exposure for multiple RF 403 

sources based on normalized SAR results for various human body models. The 404 

evaluation method, which overlaps the SAR distributions at different frequencies, as 405 

shown in Eq. (2), was also reported in IEC/IEEE 62209-1528 (2020) to be the most 406 

accurate method for evaluating the combined SAR under situations in which the 407 

human body is simultaneously exposed to different sources.  408 

Figure 8 shows the SAR distributions of child and adult brains in the DL EMF 409 

environment of each technology and the environment where the DL EMFs for all 3G, 410 

4G, and 5G NR network technologies are integrated. The mean E-field strength in 411 

Table 2 was applied to Eq. (2). The integrative SAR distribution on the far-right side 412 

of Fig. 8 is extremely similar to the SAR distribution of only 4G networks. The DL 413 

exposure within the mobile communication environment of Seoul in 2021 was 414 

primarily contributed to by the LTE networks rather than the others. 415 Jo
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 416 

Figure 8. Brain SAR distributions for DL exposure in 3G, 4G, and 5G NR networks (Seoul, 2021). 417 

As can be observed visually in Fig. 8, the brain SAR of KR-6-WB was 418 

approximately 25% higher than that of KR-22-WB, i.e., the SARwbrain was 3.45 and 419 

2.69 W/kg for KR-6-WB and KR-22-WB, respectively. The head part of these 420 

models was segmented into a total of 69 structures, and in particular, the grey matter 421 

of the cerebral cortex was subdivided into 27 gyri (Han et al, 2018; Lee et al., 2019). 422 

Figure 9 compares the SAR values for detailed structures of the brain between KR-6-423 

WB and KR-22-WB for the above DL environment (integrated). Excluding the uncus 424 

of the limbic lobe, the brain structure-averaged SAR (SARstructure-avg) of KR-6-WB was 425 

27.4% higher on average compared to that of KR-22-WB in 40 of the 41 structures 426 

considered (see Fig. 9).  427 
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 428 
Figure 9. SAR averaged over each structure consisting of a brain for exposure to the mean E-field 429 

strengths (DL) measured in 3G, 4G, and 5G NR networks (Seoul, 2021). 430 

3.4. Dose comparison and integration of DL and UL exposures 431 

The SARwbrain and brain psSAR1g for UL and DL exposures are shown in Fig. 10. The 432 

SAR results for UL exposure are for voice calls when using a mobile phone connected 433 

to the 4G network of operator OA, which has the largest number of mobile subscribers 434 

in South Korea as of 2021. The SAR was evaluated using the same approach applied 435 

by Lee et al. (2020), where the brain SAR for EMF exposure was caused by user voice 436 

calls on mobile phones, i.e., UL EMF exposure was assessed under all available 437 

mobile communication networks of the corresponding operator in Seoul.  438 

As mentioned in Section 1, exposure to UL EMF alone has been considered in 439 

many previous epidemiological studies seeking out an association between brain 440 

tumors and RF EMF. It has been confirmed that DL exposure cannot be overlooked in 441 

the evaluation of EMF exposure in mobile communication networks through a 442 

comparison of the brain dose (SAR and SA) levels for UL and DL exposures, as 443 

shown in Fig. 10. The brain psSAR1g for UL exposure is much higher than that for DL 444 

exposure, whereas SARwbrain shows similar levels for both exposures. The considered 445 

UL exposure is the most probable case; that is, the transmitting antenna of the mobile 446 

phone was located at the bottom, and when calculating the SAR, the measured 447 

connection ratios among the LTE frequency bands of OA were applied as weights (Lee 448 

et al., 2020). The mean of the measured UL power samples of a mobile phone was 449 

used, which was within the range of approximately 0.1–0.25 mW for the LTE bands 450 

of B1, B3, and B5. The UL frequency bands allocated for B1, B3, and B5 are 1940–451 

1950, 1715–1735, and 829–839 MHz, respectively. In addition, it was assumed that 452 

the user makes a call by placing the mobile phone on the right side of the head. 453 
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Therefore, the SAR of the right temporal and frontal lobes of the brain was 454 

dominantly high, as shown in the SAR distribution of KR-6-WB in Fig. 10.  455 

 456 

Figure 10. Brain SAR of the child and adult models (KR-6-WB and KR-22-WB) in real networks (Seoul, 457 

2021). 458 

 459 
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Figure 11. Daily brain SA of the child and adult models (KR-6-WB and KR-22-WB) in real networks 460 

(Seoul, 2021). Differences of more than 10 fold are shown in the SA between the EMF exposures of UL 461 

and DL. 462 

The assessment of the health effects of RF EMF in many studies (Cardis et al., 463 

2011; Castaño–Vinyals et al., 2022; Calderón et al., 2022) has been tried on a 464 

cumulative dosimetric quantity over time, which is likely related to EMF exposure. 465 

The time-cumulative physical quantity of SAR (W/kg) is often expressed as SA (J/kg). 466 

The daily SA averaged over the whole brain (SAwbrain) and the peak spatial-averaged 467 

SA over 1 g of tissue (psSA1g) in the brain are shown in Fig. 11.  468 

The SA for DL exposure was obtained by multiplying the above DL SAR by 469 

86,400 s (3600 s/h  24 h) because the human body is in general continuously exposed 470 

to DL EMF regardless of the will of the person being exposed. However, for the SA of 471 

UL exposure, as an example comparison with the dose from DL EMF, the UL SAR 472 

was multiplied by 600 s for both KR-6-WB and KR-22-WB, assuming a total call time 473 

of 10 min per day. In Castaño-Vinyals et al. (2022), the median total call durations 474 

reported in age groups of 10–14 and 20–24 years were 53 and 655 h, respectively. It 475 

was estimated that the 20–24-year-old age group spent approximately 10.7 min on 476 

voice calls per day, assuming they have used a mobile phone during the past 10 years. 477 

In the case of a 6-year-old child, although the duration of the call might be much 478 

shorter than that of an adult, the 10-min call time was applied to both the child and 479 

adult models. Contrary to the SAR results shown in Fig. 10, it can be seen that the 480 

daily cumulative energy in the brain is much higher for DL than for UL. 481 

Although the mean E-field strengths for DL EMFs across the Seoul area were 482 

applied to the exposure assessment in this study, in the future, it will be necessary to 483 

differentiate the frequencies and E-field strengths when considering individual life 484 

patterns and small-scale differences in regional networks. 485 

4. Summary and discussion 486 

In this paper, evaluating the energy absorption of the human brain in an EMF 487 

environment radiated from the base stations, a spatially uniform exposure consisting 488 

of 24 incident plane waves was applied to numerically simulate environmental EMF 489 

exposure within the frequency range of 50 MHz to 5.8 GHz. This approach was 490 

determined by comparing the results of a few configurations of plane wave incidences 491 

(see Section 3.1). The SARs for whole-body models (KR-6-WB and KR-22-WB) of a 492 

6-year-old child and an adult were calculated, and SARwbody and SARwbrain normalized 493 

to 1 V/m were reported. The brain SAR was converted to that in a real exposure 494 

environment using the results of large-scale DL EMF measurements conducted in 495 

Seoul in 2021. Finally, the brain SA for 24-h exposure to the DL environment was 496 

obtained and the results were compared with those for a 10-min exposure to the UL 497 
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power level of a mobile phone. The UL data were collected for voice calls in an LTE 498 

network during the same time period as the DL EMF measurement.  499 

The main findings and issues obtained from these processes are as follows. 500 

 Frequency and SAR for environmental EMF exposure (see Section 3.2) 501 

For the evaluation of a long-term exposure to far-field EMFs in real life, the 502 

environmental exposure was assumed to be a spatially uniform plane wave 503 

exposure. The whole-body resonance frequency was consistent with those of 504 

single waves vertically polarized when the whole-body models of a child and an 505 

adult were exposed to spatially uniform plane waves. The resonance frequency 506 

was approximately 110 and 70 MHz for KR-6-WB and KR-22-WB, respectively. 507 

However, the resonance amplitude of SARwbody was much lower than that for a 508 

single plane wave because the SAR results were averaged for exposures to plane 509 

waves of all polarizations and incident directions. The whole-brain resonance 510 

occurred within a relatively wider frequency range than that of the whole body 511 

because the shape of the brain is not long in one particular direction. The standard 512 

deviation was less than 1 dB in SARwbrain for each brain was shown in the 513 

frequency range of 300−1000 MHz.  514 

 515 

 Age difference in brain SAR (see Sections 3.2 and 3.3) 516 

In the frequency range of 300−1000 MHz, the SARwbrain levels of the child and 517 

adult models were extremely similar to each other; in other words, the frequency 518 

did not affect their SARwbrain. However, at the higher frequencies outside this 519 

frequency range, the SARwbrain of the child model gradually increased compared to 520 

that of the adult model because the distance from the head surface to the 521 

peripheral region of the child brain is shorter in comparison to that of the adult 522 

brain, and the penetration becomes shallower at a higher frequency. At 523 

frequencies lower than 300 MHz, SARwbrain of the adult was higher, which seems 524 

to be influenced by the whole-body resonance of the adult. The SARstructure-avg of 525 

the child in most brain structures and the SARwbrain of the child were 526 

approximately 27% and 25% higher, respectively, compared to the adult in a real 527 

DL EMF environment of Seoul (2021), where WCDMA, LTE, and 5G NR were 528 

being serviced.  529 

 530 

 Difference in doses between UL and DL exposures (see Sections 3.4) 531 

Although this paper is mainly focused on DL exposure calculations, the brain 532 

dose (SAR and SA) levels for UL and DL exposures were compared. The brain 533 

psSAR1g for UL exposure is much higher than that for DL exposure at the mean 534 

Tx (UL) power of a mobile phone in VoLTE mode; however, the SARwbrain shows 535 

similar levels for both exposures. The energy in the brain from an UL signal from 536 

Jo
urn

al 
Pre-

pro
of



-21- 

a mobile phone when assuming a 10-min call time per day showed a much lower 537 

contribution to the integrated cumulative energy (SA) of all EMFs in the mobile 538 

communication networks, in comparison to that from DL signals (24-h exposure). 539 

Thus, it was confirmed that DL exposure cannot be ignored in the exposure 540 

evaluation for the studies seeking the association between chronic brain diseases 541 

and EMF exposure related to mobile communication services. 542 

5. Conclusion 543 

Many studies have investigated and reported the environmental EMF radiated from 544 

various far-field sources, such as broadcasting stations and mobile communication 545 

base stations. The authors previously implemented virtual head models with a 546 

statistically average structure for children, adolescents, and adults of various ages, and 547 

calculated and reported the brain SAR for various mobile phone exposures. In addition, 548 

to quantify the total exposure to UL and DL EMFs in real mobile communication 549 

networks, the UL and DL exposure levels in all networks operating in Seoul have been 550 

evaluated every other year since 2015. The relationship between an EMF outside the 551 

body and the corresponding dose of a specific organ inside the body is not simple.  552 

In this paper, the optimal configuration of the incident waves simulating human 553 

exposure to an environmental EMF, such as DL fields radiated from base stations was 554 

derived and applied to the SAR calculation for virtual whole-body models of both a 555 

child and an adult. By combining the calculated UL and DL SAR distributions with 556 

the UL and DL EMF levels measured in Seoul in 2021, it was shown that the 557 

cumulative dose for each detailed structure of the brain can be derived for the 558 

exposure of a specific person living in the corresponding environment. 559 

Comparison of the cumulative doses from UL and DL EMF exposures showed that 560 

the DL exposure must be included in the comprehensive evaluation of the RF 561 

exposure. With the recent emergence of 5G NR, the resulting EMF exposure 562 

environment is becoming more complex than in the past, and it is therefore necessary 563 

to evaluate the rapidly changing environmental EMF in more detail in terms of time 564 

and space. 565 
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Table 1. SAR comparison between the configurations for uniform EMF incidence (KR-6-WB). The 679 

incident E-field strength is 1 V/m. 680 

(a) SARwbody 681 

SAR unit: (W/kg) 682 

Frequency 
(MHz) 

Octa-2pol  
(A) 

Icosa-2pol  
(B) 

Icosa-5pol  
(C) 

Difference (%) 

(B) − (A)1) (B) − (C) 

900 22.137 22.053 22.021 −0.38 +0.18 
1850 18.941 19.867 19.862 +4.78 +0.06 
2650 16.684 17.982 17.967 +7.48 +0.08 
3000 15.683 17.063 17.043 +8.43 +0.12 

1) (B) (A)Diff (%) = 100
(B) (A)

2

−


+ 
 
 

 683 

 684 

(b) SARwbrain 685 

SAR unit: (W/kg) 686 

Frequency 
(MHz) 

Octa-2pol  
(A) 

Icosa-2pol  
(B) 

Icosa-5pol  
(C) 

Difference (%) 

(B) − (A) (B) − (C) 

900 27.672 27.215 27.168 −1.67 +0.17 
1850 19.675 19.971 19.970 +1.49 0.00 
2650 10.908 11.255 11.255 +3.13 0.00 
3000 8.331 8.681 8.681 +4.12 0.00 

687 
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Table 2. Mean E-field levels for DL channels of 3G, 4G, and 5G networks (Seoul, 2021).  688 

Technology Operator 
Allocated 
freq. (DL) 

(MHz) 
Band name1) Channel 

no.1) 

E-field strength 
(linear mean) 

(mV/m) 

3G 
(WCDMA) 

OA 2145-2150 UMTS 
2100 10737 E2150,1 105 

OB 2160-2170 UMTS 
2100 

10812 E2150,2 52 

10836  E2150,3 99 

4G 
(LTE-FDD) 

OA 

2130-2145 B1 275 E2150,4 106 

1810-1830 B3 1350 E1850,1 130 

874-884 B5 2500 E900,1 116 

2620-2640 B7 2850 E2650,1 84 

2660-2670 B7 3200 E2650,2 52 

OB 

2150-2160 B1 450 E2150,5 70 

1830-1850 B3 1550 E1850,2 117 

1850-1860 B3 1694 E1850,3 99 

950-960 B8 3743 E1000,1 165 

OC 
2110-2130 B1 100 E2150,6 112 

884-894 B5 2600 E900,2 132 

2640-2660 B7 3050 E2650,3 76 

5G NR2) 
(TDD) 

OA 3600-3700 n78 
640001-
646666 E3550,1 23 

OB 3500-3600 n78 
633334-
640000 E3550,2 25 

OC 3420-3500 n78 
628000-
633333 E3550,3 68 

1) It indicates UARFCN for WCDMA, EARFCN for LTE, and NR-ARFCN for 5G NR. 689 
2) Time-averaged SSB radiation. The sum of the SS-RSRPs of all SSB beams of OC was used to calculate 690 

the time-average SSB power of OC. 691 
 UMTS Absolute radio-frequency channel number 692 
 EUTRA Absolute radio-frequency channel number 693 
 NR-Absolute radio-frequency channel number 694 

 695 
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Highlights  

 EMFs radiated from base stations of 3G through 5G coexist in a single space. 

 Dose in brain structures of a child and an adult for DL EMF exposure is evaluated. 

 Doses between typical DL and UL EMF exposures in Seoul are compared. 

 A daily SA from DL EMFs is much higher than that from UL EMF (a 10-min call time). 
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International Appeal: Scientists call for protection from 
non-ionizing electromagnetic field exposure

To: His Excellency Ban Ki-moon, Secretary-General of the United Nations; 
Honorable Dr. Margaret Chan, Director-General of the World Health Organization; Honorable Achim 
Steiner, Executive Director of the U.N. Environmental Programme; U.N. Member Nations

Summary. We are scientists engaged in the study of biological and health effects of non-ionizing electro-
magnetic fields (EMF). Based upon peer-reviewed, published research, we have serious concerns regarding 
the ubiquitous and increasing exposure to EMF generated by electric and wireless devices. These include–but 
are not limited to–radiofrequency radiation (RFR) emitting devices, such as cellular and cordless phones and 
their base stations, Wi-Fi, broadcast antennas, smart meters, and baby monitors as well as electric devices 
and infra-structures used in the delivery of electricity that generate extremely-low frequency electromagnetic 
field (ELF EMF).

EUR. J. ONCOL.; Vol. 20, n. 3/4, pp. 180-182, 2015                        © Mattioli 1885

Specific topics

Scientific basis for our common concerns

Numerous recent scientific publications have 
shown that EMF affects living organisms at levels 
well below most international and national guidelines. 

Effects include increased cancer risk, cellular stress, 
increase in harmful free radicals, genetic damages, 
structural and functional changes of the reproductive 
system, learning and memory deficits, neurological 
disorders, and negative impacts on general well-being 

An introduction to the International EMF Scientist Appeal

The current issue of the European Journal of Oncology contains a document the “International 
EMF Scientist Appeal” (EMFscientist.org) that addresses the concerns of 215 scientists from 40 nations 
about the adverse health effects on the human population exposed to non-ionizing electromagnetic fields 
(EMF) from extremely-low frequency to radiofrequency. The Appeal has been submitted to the United 
Nations, to two of its sub-agencies, the World Health Organization (WHO) and the United Nations 
Environmental Programme (UNEP), and to all UN Member Nations.

We note that the overall weight of evidence reported in peer-reviewed, scientific studies strongly 
supports greater precautionary measures be taken to reduce or eliminate EMF exposure.

Coordinating and Advisory Committee for the “International EMF Scientist Appeal” (Martin 
Blank, Magda Havas, Elizabeth Kelley, Henry Lai, and Joel Moskowitz). We can be reached through 
Elizabeth Kelley at info@EMFscientist.org. 
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in humans. Damage goes well beyond the human race, 
as there is growing evidence of harmful effects to both 
plant and animal life.  

These findings justify our appeal to the United 
Nations (UN) and, all member States in the world, to 
encourage the World Health Organization (WHO) to 
exert strong leadership in fostering the development 
of more protective EMF guidelines, encouraging pre-
cautionary measures, and educating the public about 
health risks, particularly risk to children and fetal de-
velopment.  By not taking action, the WHO is failing 
to fulfill its role as the preeminent international public 
health agency. 

Inadequate non-ionizing EMF international
guidelines 

The various agencies setting safety standards have 
failed to impose sufficient guidelines to protect the 
general public, particularly children who are more vul-
nerable to the effects of EMF. 

The International Commission on Non-Ion-
izing Radiation Protection (ICNIRP) established 
in 1998 the “Guidelines For Limiting Exposure To 
Time-Varying Electric, Magnetic, and Electromag-
netic Fields (up to 300 GHz)” (1). These guidelines 
are accepted by the WHO and numerous countries 
around the world. The WHO is calling for all na-
tions to adopt the ICNIRP guidelines to encourage 
international harmonization of standards. In 2009, 
the ICNIRP released a statement saying that it was 
reaffirming its 1998 guidelines, as in their opinion, 
the scientific literature published since that time 
“has provided no evidence of any adverse effects be-
low the basic restrictions and does not necessitate an 
immediate revision of its guidance on limiting ex-
posure to high frequency electromagnetic fields (2). 
ICNIRP continues to the present day to make these 
assertions, in spite of growing scientific evidence to 
the contrary. It is our opinion that, because the IC-
NIRP guidelines do not cover long-term exposure 
and low-intensity effects, they are insufficient to 
protect public health. 

The WHO adopted the International Agency for 
Research on Cancer (IARC) classification of extreme-

ly low frequency electromagnetic field (ELF EMF) 
in 2002 (3) and radiofrequency radiation (RFR) in 
2011 (4). This classification states that EMF is a pos-
sible human carcinogen (Group 2B). Despite both IARC 
findings, the WHO continues to maintain that there 
is insufficient evidence to justify lowering these quan-
titative exposure limits.

Since there is controversy about a rationale for 
setting standards to avoid adverse health effects, we 
recommend that the United Nations Environmental 
Programme  (UNEP) convene and fund an indepen-
dent multidisciplinary committee to explore the pros 
and cons of alternatives to current practices that could 
substantially lower human exposures to RF and ELF 
fields. The deliberations of this group should be con-
ducted in a transparent and impartial way. Although 
it is essential that industry be involved and cooperate 
in this process, industry should not be allowed to bias 
its processes or conclusions. This group should provide 
their analysis to the UN and the WHO to guide pre-
cautionary action.

Collectively we also request that:

1.  children and pregnant women be protected; 
2.  guidelines and regulatory standards be strength-

ened;
3.  manufacturers be encouraged to develop safer 

technology;
4.  utilities responsible for the generation, trans-

mission, distribution, and monitoring of elec-
tricity maintain adequate power quality and 
ensure proper electrical wiring to minimize 
harmful ground current; 

5.  the public be fully informed about the potential 
health risks from electromagnetic energy and 
taught harm reduction strategies; 

6.  medical professionals be educated about the 
biological effects of electromagnetic energy and 
be provided training on treatment of patients 
with electromagnetic sensitivity; 

7.  governments fund training and research on 
electromagnetic fields and health that is inde-
pendent of industry and mandate industry co-
operation with researchers; 
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8.  media disclose experts’ financial relationships 
with industry when citing their opinions re-
garding health and safety aspects of EMF-
emitting technologies; and

9.  white-zones (radiation-free areas) be estab-
lished.

The list of signatories and their affiliations is 
available at EMFscientist.org
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