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Abstract 

This Informative Guide produced by CIPRACEM is a ñNON-PRESCRIPTIVEò consultation document 
prepared only to help competent authorities in the understanding and practical application of the ñICNIRP-
2020 Principlesò and the ICRP-103 of 2007, which are the 2 International Standards produced and accepted 
by the responsible body created by IRPA and by the international community. 

These ICNIRP-2020 Principles were reviewed and approved by representatives appointed by: 

Å The International Radiation Protection Association (IRPA), 

Å The International Commission on Radiological Protection (ICRP), 

Å The United Nations Scientific Committee on Atomic Radiation Effects (UNSCEAR), 

Å The International Labor Organization (ILO) and 

Å The World Health Organization (WHO), 

     Therefore, it is a document of broad consensus, endorsed by the international community, which must be 
complied with by all countries in order to ensure the protection of the population and the environment. 

The ICNIRP 2020 Principles propose to establish "a coherent Radiological Protection framework for 
the entire spectrum of Ionizing and Non-Ionizing Radiations" 

The 3 Basic Principles of Radioprotection set forth in ICRP-103 of 2007 are established and applied 

1- Principle of Justification: Exposures that are not duly justified should not be made. 

2- Principle of Optimization of protection: The probability of an exposure, the number of people exposed 
and the magnitude of individual doses will be kept as low as possible to achieve (ALARA principle) 

3- Principle of application of Dose Limits: The total dose to every individual should not exceed the 
appropriate limits specified by the competent Authority in order to prevent harmful effects on health. . 

      An important issue highlighted by the ñICNIRP 2020 Principlesò is the concept of Dose; and, as such, it 
is the product of the intensity of the exposure and the duration of the exposure. Doses must be measured 
and controlled. 

     Since the ICRP Principles have not been initially applied to non-ionizing radiation, there is still no 
experience or qualified specialists, which is why this Guide was designed by CIPRACEM to provide 
information and support to all authorities in the application of the ICRP principles based on the experience 
acquired over many years in the regulation of Ionizing Radiations. 
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Some Objectives and Recommendations to be considered by the competent regulatory authorities 

1. The necessary measures will be taken so that no worker or any person in the public receives doses that 
can produce Deterministic Effects and that Stochastic Effects have a probability of occurrence of less than 1 
ă / year in order to reduce the frequency of cancers, in particular the brain, to the values existing at the 
beginning of the use of cell phones, without the measures affecting communications or free access to the 
Internet. 

2. Communications will be regulated to comply with the International Agreements on Climate Change ... 

3. The practices and / or the use of electronic devices that generate electromagnetic fields without obtaining 
a net benefit and / or mean an unnecessary energy expenditure, or that can be replaced by wired devices 
that do not emit radiation, will be prohibited: 

4. Wireless transmission equipment will be prevented from being connected and active when not in use, so 
they should all be turned off automatically. 

5. It will be avoided that more than three Wi-Fi signals coexist in public places unless it is reliably 
demonstrated that they are essential for connectivity. 

6. The base antennas for cellular networks of wireless communication will not operate if the connectivity can 
be carried out and maintained satisfactorily by the existing Wi-Fi signals in a certain place. 

7. Cell phones that have a geo-location system must be replaced as soon as possible by a manual location 
system operated by the user when they need to change their geographic location. 

8. The dose limit for workers and the public should be established to avoid the occurrence of deterministic 
effects and reduce the probability of stochastic effects, in particular brain tumors, to 1 ă / year. 

9. A record must be kept of the doses received by the population and a statistic of the frequency of diseases 
related to exposure to EMF, such as brain tumors and thyroid cancers of the colon and rectum, according to 
age, to verify the effectiveness of the established control system. 

 

The current practice of setting Power Density limits is very useful but it is not enough if all 
the unjustified exposures, which are many, are not also avoided. CIPRACEM considers that 
it is feasible to maintain wireless communications with dose values to the population that 
are 100 or 1000 times lower than the current onesé!! (And this also implies reducing deaths 
and diseases in those same proportionsé!! and maintaining the benefits) 
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Protection of the population from Non-Ionising Radiation (NIR) 
 

 

Historical Background on Non-Ionising Radiation Protection 

NIR control from 1964 to 1992: In 1964, the International Radiation Protection Association (IRPA) was 
formed to ensure the protection of people and the environment against the dangers caused by ionising and 
non-ionising radiation. In 1974, the IRPA created the Commission on Non-Ionising Radiation Protection 
(CNIRP), with the aim of establishing specific criteria to adequately protect the public and the environment 
from non-ionising radiation. 

Creation of ICNIRP by the IRPA: Subsequently in 1992, the CNIRP becomes the International Commission 
on Non-Ionising Radiation Protection (ICNIRP) with a Statute stating that it would "maintain a close liaison 
and working relation with the Executive Council of IRPA" and would submit its recommendations in advance 
for review by the IRPA Executive and all Associated Societies before proceeding to publication,and the prior 
deadline for comments would be 90 days, but "these prior review requirements were in practice not met by 
ICNIRP" so that recommendations made "without the established review process" have their scientific quality 
compromised and by not complying with ICNIRP's founding statute make their formal validity doubtful.  
Moreover, ICNIRP did not maintain a close relationship with the International Commission on Radiological 
Protection (ICRP) as foreseen in its formation and did not apply the basic principles of Radiation Protection 
recommended by the ICRP. This behaviour led to important differences between the ICRP and ICNIRP. 

Correction of the ICNIRP's deviations: In order to correct the ICNIRP's deviations from the Statute of its 
creation, several steps were taken and in 2008 for the IRPA-12 Congress in Buenos Aires an ICNIRP-ICRP 
meeting was scheduled to reach a consensus on the Principles of Radiation Protection used, but the ICNIRP 
decided not to attend Argentina. Later, at the IRPA-13 Congress in Glasgow in 2012, it was declared that it 
was urgent for the ICNIRP to apply the ICRP's fundamental Radiation Protection criteria, but this objective 
was not achieved. In 2018, a "working group" is created within IRPA that requires ICNIRP to comply with the 
ICRP-2007 principles. CIPRACEM issues a critical report on the ICNIRP's deviations from the statute of its 
creation. On the occasion of the IRPA-15 Congress in Seoul, Korea, several calls by the IRPA for faithful 
compliance with the ICRP-2007 principles are reiterated and the IRPA and ICRP participate in the review of 
the ICNIRP Principles during their development. 

Acceptance by ICNIRP of ICRP-2007: ICNIRP finally accepts the IRPA's claim and issues the ICNIRP 
Principles (ICNIRP STATEMENT, Principles for Non-ionizing Radiation Protection, published in the journal 
Health Physics 118 (5); 477-482; 2020) in which it finally proposes to comply with the same Radiation 
Protection Principles applied by the International Commission on Radiological Protection (ICRP) and adopts 
ICRP-103 of 2007 as a reference document.  The ICNIRP-2020 Principles mark a turning point in 
radiation protection against non-ionising radiation. 

These ICNIRP-2020 Principles were reviewed and approved by representatives appointed by the 
International Radiation Protection Association (IRPA): Sigurður Magnús Magnússon, for the International 
Commission on Radiological Protection (ICRP), Jacques Lochard, for the United Nations Scientific 
Committee on Effects of Atomic Radiation (UNSCEAR), Ferid Shannoun, for the International Labour 
Organisation (ILO), Shengli Niu and for the World Health Organisation (WHO), Emilie van Deventer, which is 
why it can be considered as a reasonably consensual document that has the endorsement and support of 
the international community and should be considered by all countries. 

Application of the ICNIRP-2020 Principles in the Latin American region: International communications 
cover countries and regions, in our case Latin America, and it is very important to have a consensus document 
in order to establish common criteria and standards of application in all our countries and this is the function 
that the Ibero-American Commission for Radiological Protection of Electromagnetic Fields and Non-Ionising 
Radiation (CIPRACEM) designated by the Latin American and Caribbean Federation of Radiation Protection 
Societies (FRALC) wishes to facilitate. 
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The ICNIRP 2020 Principles 
A "single framework" is created for the whole radiation spectrum 

 

It establishes "a coherent Radiation Protection framework for the whole spectrum of Ionising and Non-
Ionising Radiation" and applies the 3 basic Principles of the International Commission on Radiological 
Protection (ICRP-2007) and the underlying ethical values, which includes the following: 

1- Principle of Justification: any decision that alters the radiation exposure situation should do more good 
than harm. Exposures that are not adequately justified should not be undertaken. (The benefit should always 
outweigh the harm). 

2- Principle of Optimisation of Protection: The probability of an exposure, the number of people exposed 
and the magnitude of their individual doses should be kept as low as reasonably achievable, taking into 
account economic and social factors. 

3- The principle of Dose Limitation: The total dose to any individual should not exceed appropriate limits 
specified by the Competent Authority. 

The ICRP-2007 is taken as a reference document that the ICNIRP formally declares to accept and includes 
three fundamental concepts that are highlighted: The Dose Concept, the Conservative Approach and the 
concept of "Scientifically Proven Effects". 

The Dose concept: A very important issue highlighted by ICNIRP in its 2020 Principles is the Dose concept; 
a certain risk of harm is normally assumed and, as such, is the product of the intensity of exposure and 
the duration of exposure, whereby a similar effect or a similar risk for an effect can be obtained by a short 
exposure at high intensity or a long exposure at low intensity (reciprocity). Thus, the Dose Limits (Gy) that 
are set to protect individuals must be controlled by considering the product between the exposure levels and 
the times involved.  

4- The Conservative Approach: For the estimation of Dose Limits, ICNIRP generally "assumes worst-case 
scenarios" and "takes into account uncertainties in the scientific evidence" always for the benefit of the people 
to be protected (this is equivalent to the Conservative Approach used by the ICRP in all its recommendations). 

5- Scientifically proven effects (Bradford Hill criteria): 

ICNIRP sets its exposure guidelines solely on the basis of "scientifically proven effects". With this objective 
for epidemiological studies, there must be an adequate description of the population group under 
investigation, the exposure must be well defined and there must be adequate identification and control of 
confounding factors for the minimisation of bias. To achieve "scientifically proven effects" it is essential to 
apply the 9 Criteria formulated by Sir Bradford Hill (1965) which are essential to determine "Causality". 

 

In summary, the proposal to establish a coherent radiation protection framework for the ENTIRE 
SPECTRUM of ionizing and non-ionizing radiation is fully justified and well-founded, because the 
risks are the same throughout the entire spectrum.  The International Agency for Research on Cancer 
(IARC) has categorized all radiation, ionizing and non-ionizing, as carcinogenic agents and therefore 
there is always a cancer risk, higher or lower, according to the magnitude of the radiation doses 
received. 
Non-ionizing radiation even has a carcinogenic power a thousand times higher than ionizing 
radiation, considering the established dose limits, and can also affect the reproductive system, the 
immune system and the environment. For this reason, the application of radioprotection criteria 
should be carried out in the same way as for ionizing radiation protection (ICRP-2007) but could be 
even more restrictive and severe. 
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Information Guide to apply the Principles of Radioprotection  
required in the ICNIRP-2020 Principles and ICRP-2007 

The purpose of this Informative Guide: 

1) Due to the fact that the ICRP Radiation Protection principles have not been applied to non-ionizing 
radiation and there are not yet enough experienced specialists to apply these principles to all 
practices, the need arises to develop a methodology and this Informative Guide was designed by 
CIPRACEM to provide support in the implementation of regulatory activities. 

2) It should also be considered that the general public is not aware of the risks to which it is exposed 
and it is convenient to carry out training tasks so that the population can cooperate in the application 
of protection measures. For this reason, this Guide contains technical information on the 
fundamentals of radioprotection principles and their practical application in order to properly train 
public officials and the population in general. 

Objectives of Radiation Protection 

   The fundamental objective of radiation protection is to contribute to an adequate level of protection 
of people and the environment from the harmful effects of radiation exposure without unduly limiting 
all the benefits that may be associated with the use of radiation. 

    The system of radiation protection of individuals should be designed so that Deterministic effects 
do not occur and the increase in the probability of Stochastic effects is of a sufficiently low 
percentage value to be accepted by society.  

     In the case of environmental protection, the aim is to prevent the early death, morbidity or 
reproductive capacity of animals and plants, in particular for those species that are most useful to 
man, and the objective is to prevent or reduce the frequency of deleterious effects of radiation to a 
level sufficiently low that the effects have a negligible impact and do not affect the maintenance of 
biological diversity.      

Radiation effects: 

Deterministic effects: 

Damage to populations of cells, characterised by a threshold dose and an increase in the severity of 
the reaction as the dose increases. Also called tissue reactions. Typical cases are skin reddening 
from sun exposure or the production of chromosomal aberrations or a change in the permeability of 
a membrane. There is always a threshold of exposure at which these effects appear, and the higher 
the exposure, the greater the magnitude of these effects. 

Stochastic effects: 

These are heritable diseases and effects for which the probability of an effect occurring, but not its 
severity, is considered to be a function of dose, with no threshold. 

The typical case is cancer whose probability of occurrence increases with increasing radiation 
exposure. It is not possible, in general, to determine whether a cancer is caused by radiation exposure 
or is of natural origin, but it is observed that the higher the dose, the greater the increase in the 
observed frequency. 

It is useful to give a practical example to understand these effects: 

In the case of electromagnetic fields, it was observed that from the intensification of the use of mobile 
phones, the frequency of brain tumours, which was approximately two new cases per 100,000 
inhabitants per year, increased for example in Brazil, by a factor of 5 to a new frequency of 10 new 
cases per 100,000 inhabitants per year. This means that currently, on average, out of every 5 cases 
of brain tumours, 4 of them are due to the use of mobile phones, and it is observed that this frequency 
continues to increase at a rate of 10 percent per year due to the doses received by the population 
from EMFs. This epidemiological information is consistent with the increase in frequency observed 
in case studies (Interphone, CERENAT and others) as well as in animal studies (NTP, The Ramazzini 
Institute). 
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1.- Application of the Principle of Justification: 
 

    This principle states that before authorising a practice it must be determined that the doses 
received by exposed persons are justified and that no greater dose is received than is strictly 
necessary to meet the objectives of that practice. 

    As there is very little experience of applying the Justification Principle to electromagnetic fields, 
some examples of application in the medical use of ionising radiation will be presented:  

Example of application of medical radiodiagnosis:  

In radiodiagnosis, radioactive sources and X-ray equipment are used to obtain anatomical images of 
the human body. This results in patients undergoing these studies receiving radiation doses that 
could give rise to deterministic or stochastic effects. 

      For radiodiagnosis of a lung condition, a physician prescribes a chest X-ray to assess the 
condition of the lungs, which involves exposure of the patient to a low dose of radiation. 

      A CT scan would allow obtaining a diagnostic image of higher quality than an X-ray and with more 
anatomical information for medical diagnosis, but the dose would be 100 or 200 times higher and the 
increased risk is greater than the additional benefit obtained, so it is considered that a CT scan is 
NOT JUSTIFIED and therefore should not be performed. 

    Neither is it justified to perform several X-rays instead of just one, nor is it justified to perform 
several CT scans, since these practices would be highly unjustified because they would 
unnecessarily increase the probability of that patient contracting cancer. 

    In other words, only those studies that are justified are performed and those that represent a lower 
radiation dose are chosen in order to avoid the occurrence of deterministic effects and to avoid 
unnecessarily increasing the frequency of cancer. 

Example of application for protection against electromagnetic fields: 

   For wireless communication a transmitter and a receiver are required. The transmitter is usually a 
base antenna or a wifi antenna and the receiver is a cell phone or a laptop. For the receiver to receive 
the signal and communicate it is not necessary the presence of several signals, since a single signal 
is enough for the communication to take place!!! 

Redundant antennas: Currently, at any point of a city, signals from dozens of wifi antennas arrive 
simultaneously and also signals from 4 or 5 base antennas of different telephone companies, and 
only one of these signals is required to make a communication.  In this case, in order to achieve the 
objective of communication, the signals are very redundant and the doses received by the users can 
be 10 or 100 times higher than what is required to communicate...!!!!  This is because there are several 
companies working independently!!!! 

   This situation would be equivalent, in the above radiodiagnostic example, to a patient who, although 
needing a single chest X-ray, has several chest X-rays and also several CT scans performed to involve 
all the companies, which work independently. And also, the patient is given several X-rays with 
different X-ray equipment, since this would be the equivalent of the presence of different wifi signals 
at a given point.   

   This example is given to point out that the user receives a much higher radiation dose than he/she 
would receive with a single wifi signal, which would be sufficient to establish communication. 

   The application of the principle of justification consists of using a single emitting source and that 
this emitting source is the one that produces the lowest dose to the users and that allows the 
necessary connectivity to be maintained. Redundancy is not justified as it increases the doses 
received. 

Continuous geolocation: On the other hand, the mobile phone has a geolocation system designed to 
provide the communication system with continuous a information about the user's location, even if 
the user does not change location. If the object is location, it is not justified to irradiate the user if the 
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user does not change location or if the location can be done without irradiating the user and/or only 
when the user changes location. 

Due to this function the cell phone emits radiation continuously which contributes to increase the 
doses received by the user and compared to ionizing radiation can be equivalent to the person being 
forced to carry a radioactive source in his pocket continuously to be located. 

      These examples help to understand the objective of the Principle of Justification and how it is 
applied to avoid unjustified risks, whether ionizing or non-ionizing radiation. 

Collective doses: To achieve the objective of the communication, it is not necessary to expose the 
entire population to multiple sources emitting electromagnetic fields, giving the supply companies 
an independence that allows them to establish the systems and devices to be used without taking 
into account compliance with the Principles of Radioprotection established in the ICNIRP-2020 
Principles and in the ICRP-2007.  When many people are exposed, care must be even greater as the 
Collective Dose increases and the risk of cancer is greater.  

        On the other hand, it should be borne in mind that in the example given of the patient undergoing 
a radiodiagnostic test, radiation doses are received only by the patient performing the X-ray study, 
whereas in the case of wireless communications antennas can irradiate hundreds or thousands of 
people simultaneously, many of whom do not receive the benefits and/or do so involuntarily and may 
also have particular health problems or increased sensitivity to radiation.  

 

2.- Application of the Principle of Optimization: 
This Principle determines that once a risk is justified, all necessary measures should be taken to 
make that risk as low as reasonably achievable (ALARA Principle). 

 In Ionizing Radiation: Going back to the previous case of medical Radiodiagnosis: When the 
physician prescribes an X-ray, the aim is to obtain that X-ray with the lowest possible dose...!!! 
Because the lower the dose the lower the risk and the lower the harm to the patient. Therefore, before 
taking an X-ray, a previous study is made to know what is the best distance from the emitting source 
to the patient and the existing relationship with the position of the radiation detector or the 
radiographic plate to be used so that the dose is the lowest possible.  

 In Non-Ionizing Radiation: With Electromagnetic Fields (EMF), the same type of studies must 
be done but in addition to the doses (SA) received by people expressed in Gy (J/kg), there are other 
variables that play an important role in the production of biological damage to a tissue; this is the 
case for example of the frequency, the pulsed character of the radiation, its polarization, the form of 
modulation and many other variables that we must consider in the optimization because the effects 
on health depend on all these variables. 

    Therefore, to ensure that "as low as resonably achievable", in addition to controlling the doses, the 
rest of the exposure variables must also be duly controlled, since they contribute in some way to the 
magnitude of the damage or disease produced. 

Example of variables influencing the effects of EMF: 

Frequencies: there are some relevant works such as the one carried out by Hans Geesink and Dirk Meijer, 
a meta-analysis of more than 700 works carried out over 50 years, where it is concluded that there are 
"healthy frequencies" and "unhealthy frequencies" for humans and animals. Therefore, one should try to use 
frequencies that are considered healthy for wireless communications. 

The pulse: It has been shown in many studies (e.g., REFLEX Project) that the pulse is a very important 
variable that determines whether or not effects occur and therefore the use of pulsed emissions should be 
avoided as far as possible. 

Polarisation: It has also been observed that living tissues have a greater sensitivity to polarised fields than 
to non-polarised fields and this variable must also be considered.  

Power windows: there is work suggesting the existence of "power windows" as some biological effects are 
observed at certain SAR or power density values that are not observed at higher or lower exposure values!!! 
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Intermittency: Intermittency: It is also very important whether the exposure is permanent or intermittent. This 
is also observed in the case of ionising radiation, where the biological effects are of much lesser magnitude 
when the doses are fractioned over time, and this characteristic is used precisely to protect certain tissues or 
organs in radiotherapy. 

   In the case of electromagnetic fields, it has also been observed in humans and animals that if exposure is 
interrupted, tissue recovery generally occurs and the observed effects disappear over time, in particular a 
recovery of cellular oxidative stress can be achieved, allowing the body to eliminate oxidative species and 
free radicals that have been generated by natural mechanisms of the body. 

   This observation on the benefits of intermittency suggests that a temporary interruption of exposure to 
electromagnetic fields could be beneficial to the body.  This can be achieved by scheduled interruptions of 
the emitting equipment. 

Coherence and decoherence: It must also be considered that endogenous electromagnetic fields (EMF) 
are generated inside cells due to the vibration of dipolar macromolecules and/or components of the 
microskeleton such as microtubules. These electromagnetic fields generated inside the cells can be positively 
or negatively affected by external electromagnetic fields according to whether there is coherence or 
decoherence between them. From this very particular situation arises the concept of "electromagnetic 
homeostasis", i.e., the ability of the human body to maintain a balance of highly complex electromagnetic 
interactions within cells, despite a noisy external electromagnetic environment (De Ninno and Pregnolato, 
2016). 

Set of variables: Set of variables: This scenario of complex characteristics of exposure to electromagnetic 
fields would seem to require that the Optimisation Process should consider, in addition to doses, all factors 
that may affect the biological effects and health of humans and animals, some of which may include the 
following: 

Those relating to the emitting source 

ü dose received and/or power density  

ü total duration of exposure 

ü dose rate or SAR 

ü wavelength and wavelength frequency 

ü Polarisation mode (linear, circular) / non-polarisation. 

ü continuous or pulsed fields (pulse type, pulse width, etc.)  

ü wave modulations/modulation shape 

ü intermittent or continuous exposure and post-exposure elapsed time 

ü near-field / far-field characteristicsduración total de la exposición 

ü presence of stray electromagnetic fields 

Those relating to the recipient of the doses 

ü coherence and/or decoherence between external EMFs and endogenous EMFs 

ü type of cells/tissue used and their genotype 

ü gender and age in the case of laboratory animals. 

ü density of cells in a medium (cell-cell spacing) 

In summary, to apply the Optimisation Principle in the case of EMFs it is very important that the doses are 
kept ñas low as reasonably achievable"", but it is also convenient to consider the rest of the variables at 
stake, as it has been demonstrated in humans and animals that it is possible to reduce the magnitude of 
damage and disease by varying some of these parameters. The overall objective should be: "to keep 
doses as low and as little harmful to health as possible". 
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3º Application of the Principle of Dose Limitation: 

    The dose limit for workers and the public should be set to avoid deterministic effects and 
reduce the risks of stochastic effects to a percentage value low enough to be accepted by 
society.  

1) To avoid deterministic effects 

Application of dose limits to Ionising Radiation: 

  In the case of ionising radiation, the annual dose limits for workers (20 mSv) are at least 10 times lower than 
the doses that could cause, for example, the appearance of chromosomal aberrations or any other 
deterministic effect, so that a worker cannot in any case have deterministic effects, unless a radiological 
accident occurs. In other words, there are no known measurable effects in animals, in humans or in vitro 
studies that occur at values of 20 mSv even if received in a short period of time. In the case of annual dose 
limits for the public (1mSv/year) the values at which deterministic effects are observed are 100 to 200 times 
higher than these limits. 

Application of dose limits to Non-Ionising Radiation: 

  It should be noted that in exposure to electromagnetic fields there are deterministic effects that occur at 
dose rate values that are up to 100 times below the currently used and recommended limits. For example: 1) 
Co-carinogenesis in laboratory animals occurs at SAR Ò 0.04 W/kg, well below the limit values, 2) Calcium 
channel opening and inhibition of Calcineurin which seriously affects the body's immune system, occurs at 
values 100 times below the limits, 3) Loss of blood-brain barrier (BBB) permeability occurs in animals at 
values 100 times below the limits. 4) Chromosomal aberrations are detected in peripheral blood 
lymphocytes from people residing in the vicinity of a base antenna with exposure values 10 times below the 
limits, 5) 90% of tadpole eggs have been observed to die within the immediate area of a base antenna, 6) 
Chromosomal aberrations (dicentrics) have been observed in human foetal cells exposed 3 hours daily to 
EMF produced by cellular phones. 7) A tripling in the frequency of miscarriages has been observed in 
healthy pregnant women who were exposed to EMF levels 100 times lower than the established limits (2 
mG). 8) A doubling of childhood leukaemias at values 100 times below the established limits has been 
observed with low-frequency EMF. 9) Deterministic effects (increased mortality) have been observed in 
bee larvae exposed to the field generated by a mobile phone. 10) Infertility and loss of sperm motility have 
been studied in animals and humans at exposure values below the established limits. 11) Significant 
genotoxic effects have been observed with RF-EMF in worms exposed to values 10 times below the 
established limits and the effect is doubled when the field is modulated. 12) DNA damage has been observed 
in workers exposed to ELF-EMF with average workplace values 100 times below the established limits.13) 
Chromosomal aberrations (micronuclei) in biological dosimeters (Allium cepa test) of much higher 
intensity than those produced by exposure to 30 KBq of Plutonium-239 

In summary, the carcinogenic power of non-ionising radiation is at least 1000 times greater than that 
of ionising radiation, as deterministic effects are observed at values below the limits recommended 
by the ICNIRP, whereas with ionising radiation it is necessary to increase the doses 100 times above 
the limits in order to observe such effects. All this observed information indicates that in order to avoid 
deterministic effects it is necessary that the doses are low enough so that none of these effects can occur 
and therefore the doses must be decreased to values that are estimated to be at least 100 times below 
the current power density limits and a safety factor must also be added to cover the statistical errors. 

This applies to both ELF EMFs and RF EMFs. 

Failure to set appropriate dose limits contravenes the objective of the ICNIRP-2020 Principles ñto 
establish a consistent framework of radiation protection over the ENTIRE SPECTRUM of ionizing and 
non-ionizing radiationò. It also fails to comply with the criteria of ICRP-2007 which is the reference 
document. Failure to comply with the dose limits would result in large differences between the 
protection limits for ionising and non-ionising radiation. 
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2) To reduce the risks of stochastic effects 

   In addition to avoiding Deterministic effects, the ICNIRP-2020 Principles as well as ICRP-2007 recommend 
reducing the risks of Stochastic effects to a percentage value low enough to be accepted by society. 

Requirements for Ionising Radiation: 

   In the case of ionising radiation, the dose limit value established for workers (20 mSv) corresponds to an 
increase in the probability of contracting cancer of 0.1%/year, and for the public (1mSv) the probability is 
0.005 %/year.  

Requirements for No-Ionising Radiation: 

   Currently, if we take the results of case studies, such as the CERENAT project, we can see that there was 
a 200% increase in the frequency of brain tumours (OR=3) for doses received from 900 hours of mobile 
phone use over a lifetime, which, assuming a period of 20 years, corresponds to doses received from 45 
hours/year of use, which corresponds to an increase in the frequency of brain tumours of 10%/year.  

   Very recent statistical studies in Europe (Van Wel et al) give an average value of mobile phone use, close 
to the body, of 30 hours/year, so the value of 45 hours/year is a reasonable figure to use in the estimates. 

    This value is consistent with epidemiological data from several countries where, according to statistics, the 
frequency of brain tumours has increased by a factor of 5 (OR=5) since the 1990s, when mobile phone use 
began to become popular, and the current slope observed in several countries is approximately 10%/year, 
with a doubling of cases every 8 years. 

   The information available from Argentina for Acoustic Neurinomas shows that the frequency has 
quadrupled in 10 years, which corresponds to an increase of 15%/year. 

   Therefore, on the assumption that there is currently an increase in frequency of 10%/year, to make the 
increase in the probability of getting cancer equivalent to the ICRP recommended values of 0.1%/year the 
doses would have to decrease by at least 100 times and as we have seen above, this action is exactly 
the same as that required to avoid deterministic effects.  

   In order to meet the objectives of the ICNIRP-2020 Principles to "establish a coherent framework of 
Radiation Protection for the whole spectrum of Ionising and Non-Ionising Radiation" it is therefore 
necessary to reduce the doses currently received by the population exposed to electromagnetic fields 
by a factor of 100 so that no deterministic effects occur and the probability of brain and other tumours 
is 0.1% /year.  

 Further information on the deterministic and stochastic effects of EMF on humans and animals can be found 
in Appendix 1 and the accompanying bibliography. 

3) Also to reduce Non-radiological risks: 

       According to reports from specialised organisations in the field, wireless communications have a strong 
impact on climate change due to their high energy consumption compared to wired communications, 
which requires burning fossil fuels and producing an increasing volume of greenhouse gases (GHG).  
In addition, rocket fuel for 5G satellite deployment causes irreparable damage to the Ozone Layer, which also 
leads to an increase in global temperature. 

More detailed information on this subject is given in Appendix 2. 

It is very important to note that lowering the doses 100 times to avoid the deterministic effects and lowering 
the frequency of brain tumours to the values before the use of mobile phones, also contributes to saving 
energy and avoiding the increase of greenhouse gas emissions that cause damage to the planet...! 

  But saving energy is also saving resources and money...!!! that is why "improvements in the protection of 
people and improvements in the care of the planet do not represent an expense for society but rather a saving 
of its resources" 
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       This objective of lowering doses by a factor of 100 can be achieved in the short term and in a sustainable 
manner over time if the principles of radiation protection, and in particular the principle of justification, are 
applied immediately.  As a complement, doses can be lowered by means of adequate training of the 
population in the intelligent use of mobile phones and a set of measures to gradually replace wireless 
communication with wired communication. 

4 - Measures to protect the environment 

    There is no single universal definition for "protection of the environment" but the general objective may be 
to prevent or reduce the frequency of deleterious effects of radiation on animals and plants to a level at which 
they would have a negligible impact on the maintenance of biological diversity, the conservation of species 
or the health and status of natural habitats, communities and ecosystems. 

    The use of Reference Animals and Reference Plants is proposed for the purpose of relating exposure and 
doses to effects on living animal and plant organisms. 

    The use of plant biological dosimeters that detect genotoxicity due to EMF exposure by chromosomal 
aberrations (dicentrics) such as the Allium cepa test (garlic) and the Vicia faba root (beans) is also possible. 
These plant biological dosimeters are low-cost, easy to use and sensitive to both ionising and non-ionising 
radiation, allowing comparative genotoxicity studies. Biological dosimetry laboratories for ionising radiation 
have the necessary measuring instruments for dose assessment. 

5 - Application of the Conservative Approach: 

    In cases where, due to lack of complete information, it is not possible to establish exactly what the risks of 
a practice are, the worst-case scenario for humans and/or animals is always assumed. In the case of two 
equally likely alternatives, it is always assumed that the alternative involving the greater harm to 
health is correct, and it is appropriate here to give some specific examples of the ICRP's application of this 
criterion in the case of ionising radiation, given that ICRP-2007 is the reference document adopted by the 
ICNIRP in establishing its ICNIRP-2020 Principles: 

The application of the Conservative Approach by ICRP 

Example a)  

The cause/effect relationship of ionising radiation has been established at very high dose values, 100 or 1000 
times higher than the limit values established for the public. Therefore, it is not really known what the "Low 
Dose Effects" are. There is no scientific work, neither in humans nor in animals nor in in vitro studies where 
any effect at low doses can be observed. Moreover, there are some studies (K. Rothkamm and M. Löbrich) 
that show that cancer induction at low doses is impossible because enzymatic repair of the damage does not 
occur after many days. However, "as there is a possibility a possibility of posing damage" the ICRP assumes 
that it is scientifically plausible to assume that the incidence of cancer will increase in direct proportion to 
the increase of the equivalent dose in the relevant organs and tissues and assumes that the cause/effect 
relationship holds even at extremely low doses, below 1 mGy and the so-called "linear no threshold" (LNT) 
model is applied. 

Example b) Hereditary effects of radiation have not been detected, even at high doses, in any of the study 
groups evaluated, but hereditary effects have been detected in mice and flies at high doses. Given this 
scenario, both the International Commission on Radiological Protection (ICRP) and the Committee on the 
Biological Effects of Ionizing Radiations (BEIR) of the National Research Council (NRC) of the USA, have 
assumed that if there are hereditary effects in some living beings, there may also be hereditary effects in 
humans, even at low doses, and therefore these effects are included as part of the detriment to humans. 

Example c) When a diet or behaviour of people living near a nuclear or radioactive facility is to be assumed, 
the diet or behaviour that results in the highest dose to the resident is always taken, even if this is extremely 
unlikely. 
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The application of the Conservative Approach to EMFs:  

The application of the conservative approach is very important in the case of non-ionising radiation in cases 
where there are doubts because the scientific evidence is not conclusive. As recommended by the ICRP in 
these cases, one should always be on the safe side when it comes to the protection of people, assuming 
those hypotheses that benefit people. 

Therefore, if there is evidence from animal studies, it should be considered that the same effects may occur 
in humans. 

6 - Scientifically proven effects (Bradford Hill criteria): 

The ICNIRP 2020 Principles state that in order to make determinations and establish regulatory requirements 
it is imperative that the "effects are scientifically proven". In order to achieve "scientifically proven effects" it 
is essential to apply the 9 Criteria formulated by Sir Bradford Hill (1965) which are essential to determine 
"Causality". 

In short, decisions cannot be taken on the basis of a few papers but "on the basis of all existing 
information" using the 9 Criteria formulated by Sir Bradford Hill.  

This task has been carried out by two prestigious IARC experts: Dr. Lennart Hardell and Dr. Christopher J. 
Portier, who have considered the totality of scientific information including in vitro work, case studies, animal 
studies, statistical studies, etc. and both have concluded that the evidence for causality of electromagnetic 
fields in cases of brain tumours such as gliomas and acoustic neurinomas is very strong, which is why 
causality is duly demonstrated. 
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PROPOSED RECOMMENDATIONS TO BE CONSIDERED  

In order to comply with the principles established by the International Commission on Non-Ionizing 
Radiation Protection (ICNIRP) in the Standard "ICNIRP Statement Principles for Non-Ionizing 
Radiation Protection", published in the journal Health Physics in 2020, the competent authorities of 
each country will establish the necessary measures for its effective compliance, maintaining the 
necessary connectivity for communications and free access to the internet for all people. 

Basic requirements:  

1 - It is recommended that all necessary measures be taken to ensure that no worker or general public 
receives doses that can produce deterministic effects and that stochastic effects have a probability 
of occurrence of less than 1ă /year in order to lower the frequency of cancers, in particular brain 
cancers, to the values existing at the start of the use of mobile phones, without the measures affecting 
communications and free access to the internet for all persons who require it. 

2 - The use of wireless communication will be duly regulated in a way that allows the country to meet 
the objectives of the Paris Agreement on Climate Change, which establishes restrictions on the 
emission of greenhouse gases (GHG) to limit the increase in global temperature to 1.5ºC, for which 
effective measures must be taken to avoid any use that is not duly justified. 

3 - Application of the Principle of Justification: All practices or activities and/or the use of 
electronic devices that generate electromagnetic fields for no net benefit and/or waste unnecessary 
energy, or that can be replaced by wired devices that do not emit radiation, e.g., shall be prohibited: 

¶ Wireless transmission equipment should be prevented from being switched on and active when 
not needed and should be automatically switched off when not required, particularly at night. 

¶ Avoid more than three Wi-Fi signals coexisting in public places unless it can be clearly 
demonstrated that they are essential for connectivity. 

¶ Base antennas for cellular wireless communication networks shall not operate if connectivity can 
be achieved and maintained satisfactorily by existing Wi-Fi signals in a given location.  

¶ Low orbiting satellites will also not be allowed if their purpose is communications that can be 
replaced with terrestrial transmitting antennas. In summary, the redundancy of electromagnetic field 
emitters is not permitted because it violates the principle of justification established in current 
international standards, and in all cases, preference will be given to those emitting antennas that 
produce the lowest collective doses to the exposed population. 

¶ As a general rule, in all cases where several alternatives are available for wireless communication, 
the one that produces the lowest collective dose and the lowest energy expenditure should always 
be used in order to avoid increased health risks and increased energy consumption. 

¶ The use of any wifi broadcast shall be free for all persons, without requiring an authorisation code 
or password, which does not mean that it must be free of charge. 

¶ Mobile phones with a geo-location system that operates continuously must be replaced as soon 
as possible by a GPS-based location system and/or a manual location system operated by the user 
himself when he has to change his geographical location (change of telecommunication network cell) 
and decides to communicate it. In summary, no automatic and continuous electromagnetic emission 
from any electronic device shall be allowed, except for the purpose of communication by the user of 
the device.  

¶ All wireless devices that remain fixed in a given location must be wired to avoid radiation emission, 
increase communication speed and reduce energy expenditure and battery usage. 

¶ Advertising and commercial promotions should not be done wirelessly but only wired. It has been 
proven that more than 90% of wireless traffic, according to the schedule, corresponds to advertising 
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and commercial promotions, unsolicited by users, which produces a large congestion that hinders 
the communication of emergency systems, causes delays, a greater waste of energy and resources 
and significant damage to the environment and people's health, all of which must be avoided. The 
more messages that are broadcast, the greater the collective dose to the exposed population and to 
animals and plants in the vicinity. 

¶ The communication of electronic devices with the data centres, usually called "clouds", for the 
back-up of the devices, should only be done in wired form, which is faster, has a higher capacity for 
sending information and consumes much less energy. In order to meet this requirement for electronic 
devices, connection facilities should be available in private homes, companies and public places in 
order to be able to back-up electronic devices on a regular basis.  

4 - Waivers:  

When there are special circumstances or conditions in which the operator or person responsible for 
the practice judges that the communication cannot be carried out in compliance with the established 
requirements, he/she may make a "Request for exception to the competent authority", justifying the 
reasons that make connectivity difficult, formulating an alternative proposal and an estimate of the 
collective doses that the approval of such an exception entails. The application of the established 
Recommendations must not impede or hinder connectivity, which must be maintained while avoiding 
consequences for human health and the environment. Care will be taken to ensure adequate 
connectivity for emergency, police, medical and fire services, among others.  

5 - Complementary structural measures: In order to facilitate and stimulate all those forms of 
communication that are less risky for the health of the population and the biota: 

¶ National broadband networks covering the country and branching out to all towns and cities 
should be developed and optimised to facilitate wired communications. 

¶ In addition, home, industrial, commercial and commercial Ethernet cabling will be implemented, 
especially in schools and universities, in order to avoid the use of wifi in education. 

¶ In public places, squares and main avenues, RJ-45 connectors will be installed so that people 
who wish to communicate by wired means can do so. Internet connectors may also include DC power 
supply to avoid the use of batteries, for which appropriate connectors (IEEE 802.3cg standard) may 
be provided. 

¶ All fixed telephones should have touch screens, multiple memories, automatic dialling from 
existing contacts, hands-free operation, internet connection, zoom or meet management or other 
applications and all the necessary advances for normal use, given that wired communication is 
cheaper, does not use batteries, is much faster, has a higher data transmission capacity, shorter 
latency time and does not cause damage to health and the environment. 

¶ Tax and incentive measures will be developed to promote and encourage the use of wired 
communication and discourage the use of wireless communication in order to promote good 
practices and create a culture of Radioprotection, energy saving and care for the environment in the 
population, particularly among young people. 

Note: It should be noted that the policy of the telephone companies has been to encourage wireless 
communication and discourage the use of wired telephony, which is why fixed telephones have 
not been properly upgraded. This incorrect policy was pointed out by the Council of Europe in 
Resolution 1815/2011 and should be strongly penalised as it is one of the main reasons for 
preferring a form of communication that causes greater damage to health and the environment, as 
well as higher energy consumption and battery consumption. 

According to the opinion of the National Institute for Science, Law & Public Policy Wash, DC, in 
the United States ñThe history of U.S. communication infrastructure increasingly supports the 
proposition that it is unrealistic to expect private monopolies, duopolies, or triopoliesðregulated 
or unregulatedðto make the long-term investments necessary to build the enduring and 
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sustainable public broadband fiber information highway that the country needs. Corporations will 
invariably seek the cheapest, quickest, and most profitable path, which has led to the current 
emphasis on wirelessò. 

These reflections based on the experience of this prestigious institution in the United States lead 
us to assume that it is totally unacceptable that it is the companies that decide on communication 
policies based on their commercial interests and not the institutions that represent the society in 
which we live. A system is being promoted which is more expensive, slower, with less data 
transmission capacity and which causes serious illnesses such as brain tumours which currently 
cause 1000 deaths a day worldwide, not to mention the sum of other serious health and 
environmental disorders which burden humanity.It should be up to the people and their 
representatives to make decisions on policy with the advice of technical bodies specialised in 
communications, medicine, biology, epidemiology, environment, animal and plant care, climate 
change, etc. 

6 - Application of the Principle of optimization:  

¶ Wireless communication shall be used only in cases where it cannot be replaced by wired 
communication. 

¶ When wireless communication is the only possible alternative, "doses should be as low as 
reasonably achievable", for which the signal emitted by an antenna should be of sufficient strength 
to connect to the devices to which the signal is directed.  

¶ But in addition to the doses, the set of variables involved in the exposure must also be controlled, 
as they can contribute to the magnitude of the damage or the magnitude of the risk of disease in 
humans or other living beings. To meet this requirement, it will be determined in each case which 
parameters of the electromagnetic emission produce the least damage to health without affecting the 
connectivity necessary to meet the objectives of the electromagnetic emission under consideration. 

7 - Application of the Principle of Dose Limitation: 

¶ The dose limit for occupationally exposed workers and the general public should be set so as to 

avoid the occurrence of any deterministic effects in humans or living organisms and to reduce the 

risks of stochastic effects, in particular brain tumours, to a limit frequency of 1ă /year. 

¶ Considering the results of several case studies conducted and the current increase in the 

frequency of brain tumours observed in several countries that have published their statistics, it is 

estimated that the dose limits to be established should be approximately 100 times lower than the 

current values of doses received by the population. 

¶ Personal dosimeters should be developed to assess the doses received by individuals, in 

particular those with the highest exposure such as workers professionally exposed to 

electromagnetic fields. Average body doses and doses to tissues or organs of highest exposure such 

as doses to the temporal lobe of the brain, thyroid, colon and rectum, and reproductive organs should 

be determined. 

¶ To protect animal life, doses should be assessed at the highest exposure sites using physical 

and biological dosimeters, as well as population studies of species considered most sensitive, such 

as pollinating insects like bees and some amphibians like frogs, and environmental monitoring of 

areas set aside to protect wildlife. 

¶ It is recommended that mobile phones have applications to measure the strength of the 

electromagnetic fields present and their temporal integration in order to estimate the doses that the 

carrier may receive.  These dosimetric applications may include alarm signals to alert the user to 

dose values approaching the limit values set by the competent authority. 
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8 ï Protection of the most sensitive persons: 

A No Observed Adverse Effect Level (NOAEL) should be established to protect the most sensitive or 
at-risk individuals such as children, pregnant women, cancer patients and hypersensitive 
individuals. 

In crowded public places, adequately protected places should be made available for the most 
sensitive people to stay.  

Authorities should take measures to ensure the availability on the market of electromagnetic field 
protection materials for people who require them for their homes and for their personal protection. 

9 - Use of Indicators to monitor the effectiveness of control measures: 

¶ It is recommended that a record be kept of the average doses received by the general population 

in order to assess the effectiveness of measures taken for their effective control. 

¶ Statistics should be kept on the frequency of diseases related to exposure to electromagnetic 

fields, such as brain tumours (gliomas, glioblastomas, acoustic neurinoma), thyroid, colon and 

rectum and testicular cancers. Statistics should be sectorised for each age group in order to be able 

to assess possible changes in the age at which the different conditions occur.  

¶ The production of greenhouse gases (GHG) that are produced annually by wireless 

communication should be determined and it should be assessed whether these values allow 

compliance with the targets set out in the International Agreement on Climate Change. 

¶ Statistics should be kept on the population of the most sensitive animal species, such as 

pollinating insects, in particular bees and migratory birds. 

10 ï The most urgent measures: 

There is a relatively urgent need to reduce the doses received by the population, mainly to reduce 
the frequency of brain tumours that cause thousands of deaths per day, to avoid all stochastic 
effects, of which there are many, and to reduce the production of GHGs, and for this the most 
effective, and therefore the most urgent, measures are the elimination of automatic geolocation of 
mobile phones and cancelling emissions from base antennas when connectivity can be covered by 
the wifi emissions present.  It is estimated that these two measures could increase current doses 
by a factor of 100. 
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APPENDIX 1 

Biological and Epidemiological information produced by the exposure of living 
beings to Electromagnetic Fields. Only a few cases considered most relevant 
and/or representative have been selected. 

1 ï The increase in frequency of brain tumors:  

This has been observed in several countries with epidemiological statistics from before the use of 
mobile phones, such as France, Sweden, Australia, England and Brazil, where the frequency of 
tumours has tripled, quadrupled and quintupled and continues to grow by an average of 10% per 
year.  

 Also in Argentina, an increase in the frequency of acoustic neuroma tumours has been observed, 
particularly the most aggressive ones (grade 4) called giants, which have increased fivefold in only 
10 years. All this confirms the results of several case studies, the evidence of ipsolaterality, the animal 
studies carried out in recent years and the in vitro studies where the mechanisms of cancer 
production have been redundantly proven. 

In addition, to confirm causality, two IARC experts (Drs. C. Portier and L. Hardell) applied Sir 
Bradford Hill's 9 criteria and obtained very strong evidence of causality attributed to exposure to 
electromagnetic fields (EMF). 

Currently the increase in frequency is on average 10% per year and this is related to a calculated 
mobile phone use in proximity of approximately 45 hours/year. 

These data of increased frequency of brain tumours with high morbidity (glioma and glioblastoma 
multiforme) are very consistent with the results of several case studies, e.g. CERENAT, which reports 
a tripling of frequency (OR = 3) with a lifetime mobile phone use of 900 hours. 

Assuming that this phenomenon also occurs in countries without statistics and extrapolating the 
data obtained in countries with statistics to all countries, the total number of deaths from brain 
tumours since the beginning of mobile phone use is estimated at 4 million deaths. No equilibrium 
value has been reached and the frequency continues to increase exponentially, doubling every 8 
years, so that if measures are not taken now, the situation will worsen over time. 

The current increase in the frequency of brain tumours should therefore be reduced from 10% per 
year to 1 per thousand, which is the value recommended by the International Commission on 
Radiological Protection (ICRP) for ionising radiation workers who have an annual dose limit of 20 
mSv, which is equivalent to an increase in the frequency of cancer of 1 per thousand. (For members 
of the public the increase in frequency is 20 times lower). 

Achieving this decrease in the likelihood of brain tumours and hence the mortality rate requires 
measures to lower the average doses to people to 100 times lower than at present. This can be 
achieved by proportionally decreasing the time of mobile phone use or by decreasing the power 
density produced by the base antennas and the power density produced by the mobile phone itself. 

2 ï The decrease in the body's natural defences due to the effects of EMFs on the immune 
system: 

   There is a first phenomenon on the defences that is produced by the opening of the calcium 
channels located in the cell membrane which determines the uncontrolled entry of calcium ions into 
the interior of the cells initially producing the synthesis of nitric oxide and then a set of reactions that 
include the production of peroxynitrite and free radicals that finally determine "the inhibition of 
Calcineurin" which is an essential enzyme for the production and differentiation of T cells whose 
function is to protect from the entry of external agents into the organism such as viruses, bacteria, 
fungi and parasites, which determines an increase in the risks inherent in infections and therefore a 
greater number of deaths due to the impossibility of using the natural defences, bacteria, fungi and 



20 

 
parasites, which leads to an increase in the risks inherent to infections and therefore to a higher 
number of deaths due to the impossibility of using natural defences. This situation is doubly serious 
in the case of a pandemic. 

     Likewise, EMF causes an increase in the permeability of the haemato-encephalic membrane, 
reducing its protective function against the entry of toxins, macromolecules, viruses and bacteria, 
which exposes neurons to damage that has been quantified in various experiments with laboratory 
animals. 

      It should be noted that these two processes of opening calcium channels and increasing the 
permeability of the haemato-encephalic membrane occur at doses 100 times lower than the 
established limits, which is why it is desirable to lower the current limits to 100 times lower values. 

      In relation to the immune system and infections it can be added that very recently Taheri et al 
(2017) have shown that exposure to radiation from mobile phones and Wi-Fi determines that 2 
bacteria, Listeria monocytogenes and Escherichia coli become resistant to different antibiotics. 
Considering that listeriosis is a fatal disease with symptoms of miscarriage, septicaemia and 
meningitis, this is a fact that should be taken into account. 

3 ï The cocarcinogenic potency of EMFs increases cancer mortality by increasing the 
number and size of existing tumours, as well as their metastasis:  

    Unlike Ionising Radiation (IR), which acts only in the initial "Induction" stage of the cancerogenesis 
process, electromagnetic fields and in particular pulsed electromagnetic fields, in addition to 
inducing the start of the cancerogenesis process by damaging the DNA molecule, act in the final 
"Progression" stage, producing an increase in the number, size and aggressiveness of pre-existing 
tumours, whether these have been induced naturally or by chemical or physical agents. This 
particular effect means that measures must be taken to protect cancer patients who are in the process 
of recovery or treatment, which is why radiotherapists and oncologists must be duly informed and 
prepared to take the corresponding radioprotection measures. 

    This process has been proven, both in humans (INTEROCC) and in animals (Tillmann, Lerchl) and 
whatever the origin of the tumour, whether it is of chemical origin (Tillmann, Lerchl, Ramazzini) or 
physical origin (Inst. Ramazzini), with low-frequency EMF (INTEROCC), or with radiofrequency EMF 
(Tillmann, Lerchl) and the mechanisms that cause it are also known through epigenetic effects that 
determine the change in gene and oncogene expression (REFLEX Project).  

     It should also be noted here, as indicated in the two previous points, that co-cancerogenic effects 
occur at exposure values that are 100 times lower than the protection limit values established by 
ICNIRP (SAR Ò 0.04 W/kg), which is why here too it is appropriate to lower exposures by at least a 
factor of 100 to prevent them. 

4 ï Damage to animal life and in particular to some endangered species due to 
electromagnetic fields. 

   The health and death risks, some of which have already been reported for humans, are much higher 
for some animal and plant species which are more sensitive and lead to increased mortality and 
reduced populations affecting biodiversity. 

     In a review of about 1000 studies on different animals, plants and wildlife, in 70% of the cases it 
was found that there was an impact on animal life at values below the established limits, both at low 
frequencies and at radio frequencies. 

     The case of greatest concern is that of bees; when researchers bring mobile phone radiation close 
to bee hives, the bees occupying the hive choose to move away and never return. In such cases the 
queen is left alone with her helpers and eventually the life of the hive ends. Exposure of the 
developing eggs and pupae in a hive to a mobile phone result in the death of a large proportion of the 
hive's eggs and pupae. Worldwide, drastic reductions in pollinating insect populations are observed, 
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particularly in Germany, where more than 75% of them have disappeared.  In India, declines in fruit 
production due to reduced pollination have been observed. 

     An experiment with frogs near a base antenna has been carried out for two months. Frog eggs 
were placed near the cellular network antenna from the initial stage to an advanced tadpole stage 
before metamorphosis. The electric field strength measurements were between 1.8 and 3.5 V/m, which 
is well below the ICNIRP limits of 61 V/m for that frequency. 

In the group of exposed tadpoles (n = 70), poor coordination of movements, asynchronous growth, 
resulting in very large and very small tadpoles, and high mortality (90%) were observed. Compared 
to the control group (n = 70) which was kept under exactly the same conditions, but inside a Faraday 
cage, the coordination of movements was normal, the development was synchronous and a mortality 
of only 4.2% was obtained.  

       On a farm in Switzerland with cows that were exposed to a cellular network base antenna, 
spontaneous abortions occurred and some calves were born with nuclear cataracts. When the 
antenna stopped working all problems disappeared. The antenna was reconnected and the same 
problems reappeared until it was decided to disconnect the antenna for good. 

     In Europe, a decrease in the sparrow population has been noticed in large cities, and something 
similar is happening with migratory birds that do not return to their usual mating and nesting places. 

     Plants and trees are also sensitive to the proximity of the base station antennas, with clear 
differences being observed in plants on the side closest to the transmitting antenna. 

     All these results and many others not mentioned indicate that the radiation emitted by cellular 
network base station antennas in a real-life situation can affect the development and may cause 
increased mortality of different plant and animal species, which significantly affects biodiversity 
conservation. 

Note: There are many other health effects that have been observed on the male and female 
reproductive system in humans and animals including miscarriages, on the endocrine 
system and hormones, on the blood circulation system, on the nervous system with 
neurological and psychiatric diseases, and on specimens of various species such as worms, 
ants, reptiles, bats, birds, mammals, fish and micro-organisms. 

_____________________________________________________ 
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APPENDIX 2 

Non-radiological Aspects of Electromagnetic Fields: Climate Change, the 
Ozone Layer and Military Uses. 

1 - The strong impact of wireless communications on climate change:  

According to reports from specialised agencies in the field such as: The US National Institute for 
Science and Public Policy (NISLAPP), The German Federal Environment Agency (UBA) and The 
Australian Centre for Energy Efficiency Research in Telecommunications (CEET), wireless 
communication represents a tremendous waste of energy relative to wired given that it consumes 10 
times more, necessarily forcing the burning of fossil fuels and producing an increasing volume of 
greenhouse gases (GHG) and the consequent increase in global temperature and risk of 
environmental disasters. 

     4G transmission produces 6 times more CO2 emissions compared to fibre optic or cable. From 
2012 to 2015 we went from emitting 6 million to 30 million tons of CO2, a five-fold increase in 3 years, 
and this was due to the excessive use of wireless communication. 

     Wifi increases energy use very little, but when access occurs via a cellular network tower, energy 
use skyrockets!! 4G consumes 23 times more than Wifi!! 

     On the other hand, fibre optic and copper networks are far superior to wireless in speed, security 
and cost, which is why they are harming the planet and people without any benefits in return. 

     The advantages and disadvantages of technological change must be analysed. The use of wireless 
communication according to the opinion of specialised organisations basically implies: 

¶ Higher costs than wired systems. 

¶ Lower transmission speed and longer latency period.  

¶ Sensitivity to cyber-attacks and information theft. 

¶ Lower efficiency and energy expenditure 10 times higher than wired systems. 

¶ Greater vulnerability and less resistance to natural events. 

¶ Increased delay and data loss due to congestion and blockages. 

¶ Need for periodic upgrades due to obsolescence. 

¶ Dependence on a battery system which, in addition to being more expensive, affects the 
environment. 

¶ Health risks and in particular brain tumours, thyroid, colon and rectum tumours, testicular 
tumours, damage to the immune system, the reproductive system, the nervous system, the blood 
system and the endocrine system, with a higher risk for children and pregnant women. 

¶ It is estimated that 4 million deaths have already occurred due to brain tumours alone and the 
frequency continues to increase at a rate of 10% per year. 

¶ Damage to various species of animals, insects, birds and plants. 

¶ Risk of global warming due to CO2 emissions and damage to the ozone layer. 

     In addition, the rocket fuel used to deliver tens of thousands of satellites for 5G deployment is 
causing irreparable damage to the Ozone Layer, which will also lead to a rise in temperature at various 
latitudes around the globe. One model predicts ozone loss of up to 4% in the tropics and subtropics, 
and an increase of 3 degrees Celsius in summer temperatures over the South Pole, an increase of 
more than 1 degree Celsius in Antarctic temperatures and a 5% decrease in Antarctic ice. 
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     The signatory countries of the Paris Agreement have committed themselves to take measures to 
avoid a global temperature increase of more than 1.5°C, which is why measures must also be taken 
to reduce energy consumption, which will also result in better protection of people's health and save 
money for increased research for peaceful purposes. 

    Here too, as in other points above, lowering doses by 100 times by applying the 3 Radiation 
Protection Criteria used also contributes to saving energy, avoiding damage to the planet and 
improving the protection of people. 

2 ï The uses of 5G for military purposes: 

In the context of the launch of 5G, there is a risk of the use of cyber and artificial intelligence 
technologies in the skies and in cyberspace to increase the lethality of warfare by enabling near real-
time communication and the use of weapons, drones and hypersonic missiles to dominate land and 
space. 

     The use of 5G by the military may sooner or later determine that this technology will also reach 
terrorist groups that will be able to conduct devastating and large-scale cyber-attacks around the 
world. This possibility is very worrying for the population and it would be desirable that 5G is not 
used for military purposes, for which the best guarantee would be to avoid its global deployment. 

     Satellites can be used to carry nuclear warheads and deliver them to military targets in such a way 
that Nagasaki and Hiroshima can be repeated at the space level. 

   SpaceX, among other private companies, is partnering with the military to provide a dual-use 
satellite connection for the military through its Starlink broadband Internet programme. The result is 
that customers who subscribe to Starlink's internet service are, at least in part, funding space 
weaponry, which may be one of the goals of 5G. 

    It is worth remembering that military uses of nuclear power led to major environmental disasters, 
pollution of the seas and the environment. Even the Chernobyl disaster originated in a plutonogenic 
reactor for military use that did not have the safeguards and safety measures of commercial nuclear 
power plants. 

      

____________________________________________________ 
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Section 2 
EMF and the production of brain tumours and other cancers. EMF in cancer induction and 
cancer promotion. Glioma, Meningioma, Acoustic Neurinoma. Case studies, Interphone, 
CERENAT and epidemiological data. The impact of different emitting devices and cellular 
network antennas. (30) 
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Section 3 
Dependence of the production of biological effects on physical parameters and biological 
variables, and the great importance of their consideration in order to be able to compare 
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permanent exposure, wave frequency, polarisation modes, pulsed modes, intermittent or 
continuous exposure, near field / far field. Frequency windows and power density windows 
Cell type, sex, cell density, differentiated and undifferentiated cells, young, adult or old. Dose 
and dose rate, SA and SAR. (159) 
 
Review work: Dependence of non-thermal biological effects of microwaves on physical and 
biological variables: implications for reproducibility and safety standards. by Igor Y Belyaev 

https://doi.org/10.1136/bmj.e1147
http://www.cancer.dk/Nyheder/nyhedsartikler/2012kv4/Kraftigstigningihjernesvulster.html


35 

 
Laboratory of Molecular Genetics, Cancer Research Institute, Bratislava, Slovak Republic.Laboratory of 
Radiobiology, General Physics Institute, Russian Academy of Science, Moscow, Russia. Department of 
Genetic and Cellular Toxicology, Stockholm University, Stockholm, Sweden 

 
1. Belyaev IY, Shcheglov VS, Alipov ED, et al. Non-thermal effects of extremely high frequency microwaves on 

chromatin conformation in cells in vitro: dependence on physical, physiological and genetic factors. IEEE 

Transactions on Microwave Theory and Techniques 2000; 48: 2172-9. 

2. Pakhomov AG, Akyel Y, Pakhomova ON, et al. Current state and implications of research on biological effects of 

millimeter waves: a review of the literature. Bioelectromagnetics 1998; 19: 393-413. 

3. Lai H. Biological effects of radiofrequency electromagnetic field. In: Wnek GE, Bowlin GL, eds. Encyclopedia of 

Biomaterials and Biomedical Engineering. New York, NY: Marcel Decker, 2005, 1-8. 

4. Betskii OV, Devyatkov ND, Kislov VV. Low intensity millimeter waves in medicine and biology. Crit Rev Biomed 

Eng 2000; 28: 247-68. 

5. Adey WR. Cell and molecular biology associated with radiation fields of mobile telephones. In Stone WR, Ueno S, 

eds. Review of Radio Science, 1996-1999. Oxford: Oxford University Press, 1999, 845-72. 

6. Banik S, Bandyopadhyay S, Ganguly S. Bioeffects of microwave - a brief review. Bioresour Technol 2003; 87: 155-

9. 

7. Devyatkov ND, Golant MB, Betskij OV. Peculiarities of usage of millimeter waves in biology and medicine (in 

Russian). IRE RAN. 1994. Moscow. 

8. Grundler W, Jentzsch V, Keilmann F, et al. Resonant cellular effects of low intensity microwaves. In: Frolich H, ed. 

biological coherence and response to external stimuli. Berlin: Springer-Verlag, 1988, 65-85. 

9. Iskin VD. Biological effects of millimeter waves and correlation method of their detection (in Russian). Osnova, 

Kharkov, 1990. 

10. Grigoriev YG. Bioeffects of modulated electromagnetic fields in the acute experiments (results of Russian 

researches). In: Annual of Russian National Committee on Non-Ionising Radiation Protection. Moscow: ALLANA, 

2004, 16-73. 

11. Grigoriev YG, Stepanov VS, Nikitina VN, et al. ISTC Report. Biological effects of radiofrequency electromagnetic 

fields and the radiation guidelines. Results of experiments performed in Russia/Soviet Union. Institute of 

Biophysics, Ministry of Health, Russian Federation. Moscow, 2003. 

12. Grigoriev Y, Nikitina V, Rubtcova N, et al. The Russian National Committee on Non-Ionizing Radiation Protection 

(RNCNIRP) and the radiation guidelines. In Transparency Forum for Mobile Telephone Systems. 

http://www.ssi.se/ickejoniserandestralning/mobiltele/transpar/PDF/Semi3_Forsiktigh_gransvar.pdf, Ed. 

http://members.chello.se/igor.belyaev/guidelines.pdf. Stockholm, 2005. 

13. ICNIRP. ICNIRP Guidelines. Guidelines for limiting exposure to time-varying electric, magnetic, and 

electromagnetic fields (up to 300 GHz). Health Physics 1998; 74: 494-522. 

14. Cook CM, Saucier DM, Thomas AW, et al. Exposure to ELF magnetic and ELF-modulated radiofrequency fields: 

the time course of physiological and cognitive effects observed in recent studies (2001-2005). Bioelectromagnetics 

2006; 27: 613-27. 

15. Pakhomov AG, Murphy MB. Comprehensive review of the research on biological effects of pulsed radiofrequency 

radiation in Russia and the former Soviet Union. In: Lin JC, ed. Advances in Electromagnetic Fields in Living 

System, Vol. 3. New York: Kluwer Academic/Plenum Publishers, 2000, 265-90. 

16. Sitôko SP. The 1st All-Union Symposium with International Participation ñUse of Millimeter Electromagnetic 

Radiation in Medicineò. TRC Otklik. Kiev, Ukraine, USSR, 1989, 298. 

17. Kundi M, Mild K, Hardell L, et al. Mobile telephones and cancer - a review of epidemiological evidence. J Toxicol 

Environ Health B Crit Rev 2004; 7: 351-84. 

18. Lonn S, Ahlbom A, Hall P, et al. Mobile phone use and the risk of acoustic neuroma. Epidemiology 2004; 15: 653-

9. 

http://www.ssi.se/ickejoniserandestralning/mobiltele/transpar/PDF/Semi3_Forsiktigh_gransvar.pdf
http://members.chello.se/igor.belyaev/guidelines.pdf


36 

 
19. Hardell L, Eriksson M, Carlberg M, et al. Use of cellular or cordless telephones and the risk for non- Hodgkinôs 

lymphoma. Int Arch Occup Environ Health 2005; DOI 10.1007/s00420-005-0003-5. 

20. Vilenskaya RL, Smolyanskaya AZ, Adamenko VG, et al. Induction of the lethal colicin synthesis in E. coli K12 

C600 (E1) by means the millimeter radiation (in Russian). Bull Eksperim Biol Med 1972; 4: 52-4. 

21. Devyatkov ND. Influence of electromagnetic radiation of millimeter range on biological objects (in Russian). Usp 

Fiz Nauk 1973; 116: 453-4. 

22. Webb SJ. Factors affecting the induction of Lambda prophages by millimetre waves. Phys Letts 1979; 73A: 145-

8. 

23. Lukashevsky KV, Belyaev IY. Switching of prophage lambda genes in Escherichia coli by millimeter waves. 

Medical Science Research 1990; 18: 955-7. 

24. Golant MB. Resonance effect of coherent millimeter-band electromagnetic waves on living organisms (in Russian). 

Biofizika 1989; 34: 1004-14. 

25. Postow E, Swicord ML. Modulated fields and ñwindowò effects. In: Polk C, Postow E, eds. CRC Handbook of 

Biological Effects of Electromagnetic Fields. Boca Raton, FL: CRC Press, 1986, 425- 60  

26. Belyaev IY. Some biophysical aspects of the genetic effects of low intensity millimeter waves. Bioelectrochem 

Bioenerg 1992; 27: 11-8. 

27. Hyland GJ. Physics and biology of mobile telephony. Lancet 2000; 356: 1833-6. 

28. Blackman CF, Benane SG, Joines WT, et al. Calcium-ion efflux from brain tissue: power-density versus internal 

field-intensity dependencies at 50-MHz RF radiation. Bioelectromagnetics 1980; 1: 277-83. 

29. Blackman CF, Benane SG, Elder JA, et al. Induction of calcium-ion efflux from brain tissue by radiofrequency 

radiation: effect of sample number and modulation frequency on the power-density window. Bioelectromagnetics 

1980; 1: 35-43. 

30. Joines WT, Blackman CF. Power density, field intensity, and carrier frequency determinants of RF-energy-induced 

calcium-ion efflux from brain tissue. Bioelectromagnetics 1980; 1: 271-5. 

31. Adey WR, Bawin SM, Lawrence AF. Effects of weak amplitude-modulated microwave fields on calcium efflux from 

awake cat cerebral cortex. Bioelectromagnetics 1982; 3: 295-307. 

32. Lin-Liu S, Adey WR. Low frequency amplitude modulated microwave fields change calcium efflux rates from 

synaptosomes. Bioelectromagnetics 1982; 3: 309-22. 

33. Belyaev IY, Alipov YD, Shcheglov VS, et al. Resonance effect of microwaves on the genome conformational state 

of E. coli cells. Z Naturforsch [C] 1992; 47: 621-7. 

34. Belyaev IY, Alipov YD, Shcheglov VS. Chromosome DNA as a target of resonant interaction between Escherichia 

coli cells and low-intensity millimeter waves. Electro- and Magnetobiology 1992; 11: 97-108. 

35. Belyaev IY, Shcheglov VS, Alipov YD, et al. Resonance effect of millimeter waves in the power range from 10(-

19) to 3 x 10(-3) W/cm2 on Escherichia coli cells at different concentrations. Bioelectromagnetics 1996; 17: 312-

21. 

36. Belyaev IY, Harms-Ringdahl M. Effects of gamma rays in the 0.5-50-cGy range on the conformation of chromatin 

in mammalian cells. Radiat Res 1996; 145: 687-93. 

37. Belyaev IY, Alipov YD, Harms-Ringdahl M. Effects of zero magnetic field on the conformation of chromatin in 

human cells. Biochim Biophys Acta 1997; 1336: 465-73. 

38. Markova E, Hillert L, Malmgren L, et al. Microwaves from GSM Mobile Telephones Affect 53BP1 and gamma-

H2AX Foci in Human Lymphocytes from Hypersensitive and Healthy Persons. Environ Health Perspect 2005; 113: 

1172-7. 

39. Belyaev IY, Hillert L, Protopopova M, et al. 915 MHz microwaves and 50 Hz magnetic field affect chromatin 

conformation and 53BP1 foci in human lymphocytes from hypersensitive and healthy persons. 

Bioelectromagnetics 2005; 26: 173-84. 

https://doi.org/10.1007/s00420-005-0003-5


37 

 
40. Sarimov R, Malmgren LOG, Markova E, et al. Non-thermal GSM microwaves affect chromatin conformation in 

human lymphocytes similar to heat shock. IEEE Transactions on Plasma Science 2004; 32: 1600-8. 

41. Shcheglov VS, Belyaev IY, Ushakov VL, et al. Power-dependent rearrangement in the spectrum of resonance 

effect of millimeter waves on the genome conformational state of E. coli cells. Electro and Magnetobiology 1997; 

16: 69-82. 

42. Grundler W. Intensity- and frequency-dependent effects of microwaves on cell growth rates. Bioelectrochem 

Bioenerg 1992; 27: 361-5. 

43. Belyaev SY, Kravchenko VG. Resonance effect of low-intensity millimeter waves on the chromatin conformational 

state of rat thymocytes. Z Naturforsch [C] 1994; 49: 352-8. 

44. Frohlich H. Long-range coherence and energy storage in biological systems. Int J Quantum Chem 1968; 2: 641-

52.  

45. Gapeev AB, Safronova VG, Chemeris NK, et al. Inhibition of the production of reactive oxygen species in mouse 

peritoneal neutrophils by millimeter wave radiation in the near and far field zones of the radiator. Bioelectrochem 

Bioenerg 1997; 43: 217-20. 

46. Gapeev AB, Safronova VG, Chemeris NK, et al. Modification of the activity of murine peritoneal neutrophils upon 

exposure to millimeter waves at close and far distances from the emitter. Biofizika 1996; 41: 205-19. 

47. Gapeev AB, Mikhailik EN, Chemeris NK. Anti-inflammatory effects of low-intensity extremely high-frequency 

electromagnetic radiation: frequency and power dependence. Bioelectromagnetics 2008; 29: 197-206. 

48. Gapeev AB, Mikhailik EN, Chemeris NK. Features of anti-inflammatory effects of modulated extremely high-

frequency electromagnetic radiation. Bioelectromagnetics 2009; 30(6): 454-61. 

49. Belyaev IY, Markova E, Hillert L, et al. Microwaves from UMTS/GSM mobile phones induce longlasting inhibition 

of 53BP1/gamma-H2AX DNA repair foci in human lymphocytes. Bioelectromagnetics 2009; 30: 129-41. 

50. Tkalec M, Malaric K, Pevalek-Kozlina B. Influence of 400, 900, and 1900 MHz electromagnetic fields on Lemna 

minor growth and peroxidase activity. Bioelectromagnetics 2005; 26: 185-93. 

51. Tkalec M, Malaric K, Pevalek-Kozlina B. Exposure to radiofrequency radiation induces oxidative stress in 

duckweed Lemna minor L. Sci Total Environ 2007; 388: 78-89. 

52. Tkalec M, Malaric K, Pavlica M, et al. Effects of radiofrequency electromagnetic fields on seed germination and 

root meristematic cells of Allium cepa L. Mutation Research - Genetic Toxicology and Environmental Mutagenesis 

2009; 672: 76-81. 

53. Remondini D, Nylund R, Reivinen J, et al. Gene expression changes in human cells after exposure to mobile 

phone microwaves. Proteomics 2006; 6: 4745-54. 

54. Belyaev IY, Shcheglov VS, Alipov YD. Selection rules on helicity during discrete transitions of the genome 

conformational state in intact and X-rayed cells of E. coli in millimeter range of electromagnetic field. In: Allen MJ, 

et al., eds. Charge and Field Effects in Biosystems. Vol. 3. Basel, Switzerland: Birkhauser, 1992, 115-26. 

55. Kolbun ND, Lobarev VE. Problems of bioinformational interaction in millimeter range (in Russian). Kibernet 

Vychislitelnaya Tekhnika 1988; 78: 94-9. 

56. Belyaev IY, Shcheglov VS, Alipov YD, et al. Regularities of separate and combined effects of circularly polarized 

millimeter waves on E. coli cells at different phases of culture growth. Bioelectrochem Bioenerg 1993; 31: 49-63. 

57. Belyaev IY, Alipov YD, Shcheglov VS, et al. Cooperative response of Escherichia Coli cells to the resonance effect 

of millimeter waves at super low intensity. Electro- and Magnetobiology 1994; 13: 53-66. 

58. Shcheglov VS, Alipov ED, Belyaev IY. Cell-to-cell communication in response of E. coli cells at different phases of 

growth to low-intensity microwaves. Biochim Biophys Acta 2002; 1572: 101-6. 

59. Oscar KJ, Hawkins TD. Microwave alteration of the blood-brain barrier system of rats. Brain Res 1977; 126: 281-

93. 

60. Persson BRR, Salford LG, Brun A. Blood-Brain Barrier permeability in rats exposed to electromagnetic fields used 

in wireless communication. Wireless Networks 1997; 3: 455-61. 



38 

 
61. Salford LG, Brun A, Sturesson K, et al. Permeability of the blood-brain barrier induced by 915 MHz electromagnetic 

radiation, continuous wave and modulated at 8, 16, 50, and 200 Hz. Microscopy research and technique 1994; 27: 

535-42. 

62. Eberhardt JL, Persson BR, Brun AE, et al. Blood-brain barrier permeability and nerve cell damage in rat brain 14 

and 28 days after exposure to microwaves from GSM mobile phones. Electromagn Biol Med 2008; 27: 215-29. 

63. Bozhanova TP, Bryukhova AK, Golant MB. About possibility to use coherent radiation of extremely high frequency 

for searching differences in the state of living cells. In: Devyatkov ND, ed. Medical and biological aspects of 

millimeter wave radiation of low intensity. Fryazino, USSR, IRE, Academy of Science, 1987, Vol. 280, 90-7. 

64. Kwee S, Raskmark P. Changes in cell proliferation due to environmental non-ionizing radiation. 2. Microwave 

radiation. Bioelectrochem Bioenerg 1998; 44: 251-5. 

65. Belyaev IY, Shcheglov VS, Alipov YD. Existence of selection rules on helicity during discrete transitions of the 

genome conformational state of E. coli cells exposed to low-level millimeter radiation. Bioelectrochem Bioenerg 

1992; 27: 405-11. 

66. Nikolova T, Czyz J, Rolletschek A, et al. Electromagnetic fields affect transcript levels of apoptosis related genes 

in embryonic stem cell-derived neural progenitor cells. Faseb J 2005; 19: 1686-8. 

67. Markova E, Malmgren L, Belyaev I. GSM/UMTS microwaves inhibit 53BP1 DNA repair foci in human stem cells 

stronger than in differentiated cells: mechanistic link to possible cancer risk. Environ Health Perspect 2009 

http://www.ehponline.org/docs/2009/0900781/abstract.html.    

68. Litovitz TA, Krause D, Penafiel M, et al. The role of coherence time in the effect of microwaves on ornithine 

decarboxylase activity. Bioelectromagnetics 1993; 14: 395-403. 

69. Diem E, Schwarz C, Adlkofer F, et al. Non-thermal DNA breakage by mobile-phone radiation (1800 MHz) in human 

fibroblasts and in transformed GFSH-R17 rat granulosa cells in vitro. Mutat Res 2005 ; 583 : 178-83. 

70. Veyret B, Bouthet C, Deschaux P, et al. Antibody responses of mice exposed to low-power microwaves under 

combined, pulse-and-amplitude modulation. Bioelectromagnetics 1991; 12: 47-56. 

71. Penafiel LM, Litovitz T, Krause D, et al. Role of modulation on the effect of microwaves on ornithine decarboxylase 

activity in L929 cells. Bioelectromagnetics 1997; 18: 132-41. 

72. Litovitz TA, Penafiel LM, Farrel JM, et al. Bioeffects induced by exposure to microwaves are mitigated by 

superposition of ELF noise. Bioelectromagnetics 1997; 18: 422-30. 

73. Byus CV, Lundak RL, Fletcher RM, et al. Alterations in protein kinase activity following exposure of cultured human 

lymphocytes to modulated microwave fields. Bioelectromagnetics 1984; 5: 341-51. 

74. Byus CV, Kartun K, Pieper S, et al. Increased ornithine decarboxylase activity in cultured cells exposed to low 

energy modulated microwave fields and phorbol ester tumor promoters. Cancer Res 1988; 48: 4222-6. 

75. dôAmbrosio G, Massa R, Scarfi MR, et al. Cytogenetic damage in human lymphocytes following GMSK phase 

modulated microwave exposure. Bioelectromagnetics 2002; 23: 7-13. 

76. Huber R, Treyer V, Schuderer J, et al. Exposure to pulse-modulated radio frequency electromagnetic fields affects 

regional cerebral blood flow. Eur J Neurosci 2005 ; 21 : 1000-6. 

77. Huber R, Treyer V, Borbely AA, et al. Electromagnetic fields, such as those from mobile phones, alter regional 

cerebral blood flow and sleep and waking EEG. J Sleep Res 2002; 11: 289-95. 

78. Markkanen A, Penttinen P, Naarala J, et al. Apoptosis induced by ultraviolet radiation is enhanced by amplitude 

modulated radiofrequency radiation in mutant yeast cells. Bioelectromagnetics 2004; 25: 127-33. 

79. Gapeev AB, Iakushina VS, Chemeris NK, et al. Modulated extremely high frequency electromagnetic radiation of 

low intensity activates or inhibits respiratory burst in neutrophils depending on modulation frequency (in Russian). 

Biofizika 1997; 42: 1125-34. 

80. Gapeev AB, Yakushina VS, Chemeris NK, et al. Modification of production of reactive oxygen species in mouse 

peritoneal neutrophils on exposure to low-intensity modulated millimeter wave radiation. Bioelectrochemistry and 

Bioenergetics 1998; 46: 267-72. 

http://www.ehponline.org/docs/2009/0900781/abstract.html


39 

 
81. Lopez-Martin ME, Brogains J, Relova-Quinteiro JL, et al. The action of pulse-modulated GSM radiation increases 

regional changes in brain activity and c-Fos expression in cortical and subcortical areas in a rat model of picrotoxin-

induced seizure proneness. Journal of Neuroscience Research 2009; 87: 1484-99. 

82. Lukkonen J, Juutilainen J, Naarala J. Combined effects of 872 MHz radiofrequency radiation and ferrous chloride 

on reactive oxygen species production and DNA damage in human SH-SY5Y neuroblastoma cells. 

Bioelectromagnetics 2010; (Epub ahead of print). 

83. Hinrikus H, Bachmann M, Lass J, et al. Effect of 7, 14 and 21 Hz modulated 450 MHz microwave radiation on 

human electroencephalographic rhythms. Int J Radiat Biol 2008; 84: 69-79. 

84. Hoyto A, Luukkonen J, Juutilainen J, et al. Proliferation, oxidative stress and cell death in cells exposed to 872 

MHz radiofrequency radiation and oxidants. Radiat Res 2008; 170: 235-43. 

85. Franzellitti S, Valbonesi P, Contin A, et al. HSP70 expression in human trophoblast cells exposed to different 1.8 

Ghz mobile phone signals. Radiat Res 2008; 170: 488-97. 

86. Bailey J, Chrysostomou A, Hough JH, et al. Circular polarization in star- formation regions: implications for 

biomolecular homochirality. Science 1998; 281: 672-4. 

87. Ushakov VL, Shcheglov VS, Belyaev IY, et al. Combined effects of circularly polarized microwaves and ethidium 

bromide on E. coli cells. Electro- and Magnetobiology 1999; 18: 233-42. 

88. Ushakov VL, Alipov EA, Shcheglov VS, et al. Peculiarities of non-thermal effects of microwaves in the frequency 

range of 51-52 GHz on E. coli cells. Radiat Biol Radioecol 2006; 46: 729-34. 

89. Belyaev IY, Eriksson S, Nygren J, et al. Effects of ethidium bromide on DNA loop organisation in human 

lymphocytes measured by anomalous viscosity time dependence and single cell gel electrophoresis. Biochim 

Biophys Acta 1999; 1428: 348-56. 

90. Ushakov VL, Alipov ED, Shcheglov VS, et al. Peculiarities of non-thermal effects of microwaves in the frequency 

range of 51-52 GHz on E. coli cells. Radiats Biol Radioecol 2006; 46: 719-28. 

91. Alipov YD, Belyaev IY, Kravchenko VG, et al. Experimental justification for generality of resonant response of 

prokaryotic and eukaryotic cells to MM waves of super-low intensity. Physics of the Alive 1993; 1: 72-80. 

92. Belyaev IY, Alipov YD, Polunin VA, et al. Evidence for dependence of resonant frequency of millimeter wave 

interaction with Escherichia coli Kl2 cells on haploid genome length. Electro- and Magnetobiology 1993; 12: 39-

49. 

93. Shckorbatov YG, Pasiuga VN, Kolchigin NN, et al. The influence of differently polarised microwave radiation on 

chromatin in human cells. Int J Radiat Biol 2009; 85: 322-9. 

94. Binhi VN, Alipov YD, Belyaev IY. Effect of static magnetic field on E. coli cells and individual rotations of ion-protein 

complexes. Bioelectromagnetics 2001; 22: 79-86. 

95. Belyaev IY, Alipov ED, Harms-Ringdahl M. Effects of weak ELF on E. coli cells and human lymphocytes: role of 

genetic, physiological and physical parameters. In: Bersani F, ed. Electricity and Magnetism in Biology and 

Medicine. NY: Kluwer Academic, 1999, 481-4. 

96. Belyaev IY, Alipov ED. Frequency-dependent effects of ELF magnetic field on chromatin conformation in 

Escherichia coli cells and human lymphocytes. Biochim Biophys Acta 2001; 1526: 269-76. 

97. Matronchik AY, Belyaev IY. Model of slow nonuniform rotation of the charged DNA domain for effects of 

microwaves, static and alternating magnetic fields on conformation of nucleoid in living cells. In: Pokorny J, ed. 

Frohlich Centenary International Symposium ñCoherence and Electromagnetic Fields in Biological Systems 

(CEFBIOS-2005)ò: Institute of Radio Engineering and Electronics, Academy of Sciences of the Czech Republic. 

Prague, Czech Republic, 2005, 63-4. 

98. Binhi VN. Magnetobiology: Underlying Physical Problems. San Diego: Academic Press, 2002. 

99. Matronchik AI, Alipov ED, Beliaev II. A model of phase modulation of high frequency nucleoid oscillations in 

reactions of E. coli cells to weak static and low-frequency magnetic fields (in Russian). Biofizika 1996; 41: 642-9. 



40 

 
100. Chiabrera A, Bianco B, Caufman JJ, et al. Quantum dynamics of ions in molecular crevices under 

electromagnetic exposure. In: Brighton CT, Pollack SR, eds. Electromagnetics in Medicine and Biology. San 

Francisco: San Francisco Press, 1991, 21-6. 

101. Chiabrera A, Bianco B, Moggia E, et al. Zeeman-Stark modeling of the RF EMF interaction with ligand binding. 

Bioelectromagnetics 2000; 21: 312-24. 

102. Matronchik AY, Belyaev IY. Mechanism for combined action of microwaves and static magnetic field: slow non 

uniform rotation of charged nucleoid. Electromagn Biol Med 2008; 27: 340-54. 

103. Panagopoulos DJ, Karabarbounis A, Margaritis LH. Mechanism for action of electromagnetic fields on cells. 

Biochem Biophys Res Commun 2002; 298: 95-102. 

104. Di Carlo A, White N, Guo F, et al. Chronic electromagnetic field exposure decreases HSP70 levels and lowers 

cytoprotection. J Cell Biochem 2002; 84: 447-54. 

105. Lai H. Interaction of microwaves and a temporally incoherent magnetic field on spatial learning in the rat. 

Physiology & behavior 2004; 82: 785-9. 

106. Lai H, Singh NP. Interaction of microwaves and a temporally incoherent magnetic field on single and double 

DNA strand breaks in rat brain cells. Electromagnetic Biology and Medicine 2005; 24: 23-9. 

107. Yao K, Wu W, Yu Y, et al. Effect of superposed electromagnetic noise on DNA damage of lens epithelial cells 

induced by microwave radiation. Invest Ophthalmol Vis Sci 2008; 49: 2009-15. 

108. Gapeev AB, Iakushina VS, Chemeris N K, et al. Dependence of EHF EMF effects on the value of the static 

magnetic field. Doklady Akademii nauk / [Rossiiskaia akademii nauk] 1999; 369: 404-7. 

109. Belyaev IY. Biological effects of low dose ionizing radiation and weak electromagnetic fields. In Andreev SG, 

ed. 7th Workshop on Microdosimetry. Suzdal: MIFI Publisher, 1993, 128-46. 

110. Alipov ED, Shcheglov VS, Sarimov RM, et al. Cell-density dependent effects of low-dose ionizing radiation on 

E. coli cells. Radiats Biol Radioecol 2003; 43: 167-71. 

111. Belyaev IY, Alipov YD, Matronchik AY. Cell density dependent response of E. coli cells to weak ELF magnetic 

fields. Bioelectromagnetics 1998; 19: 300-9. 

112. Belyaev IY, Alipov YD, Matronchik AY, et al. Cooperativity in E. coli cell response to resonance effect of weak 

extremely low frequency electromagnetic field. Bioelectrochem Bioenerg 1995; 37: 85-90. 

113. Golant MB, Kuznetsov AP, Bozhanova TP. The mechanism of synchronizing yeast cell cultures with EHF-

radiation (in Russian). Biofizika 1994; 39: 490-5. 

114. Stagg RB, Thomas WJ, Jones RA, et al. DNA synthesis and cell proliferation in C6 glioma and primary glial cells 

exposed to a 836.55 MHz modulated radiofrequency field. Bioelectromagnetics 1997; 18: 230-6. 

115. Repacholi MH, Basten A, Gebski V, et al. Lymphomas in E mu-Pim1 transgenic mice exposed to pulsed 900 

MHZ electromagnetic fields. Radiat Res 1997 ; 147 : 631-40. 

116. Czyz J, Guan K, Zeng Q, et al. High frequency electromagnetic fields (GSM signals) affect gene expression 

levels in tumor suppressor p53-deficient embryonic stem cells. Bioelectromagnetics 2004; 25: 296-307. 

117. Schwarz C, Kratochvil E, Pilger A, et al. Radiofrequency electromagnetic fields (UMTS, 1,950 MHz) induce 

genotoxic effects in vitro in human fibroblasts but not in lymphocytes. Int Arch Occup Environ Health 2008; 81: 

755-67. 

118. Hoyto A, Juutilainen J, Naarala J. Ornithine decarboxylase activity is affected in primary astrocytes but not in 

secondary cell lines exposed to 872 MHz RF radiation. Int J Radiat Biol 2007; 83: 367-74. 

119. Nylund R, Leszczynski D. Mobile phone radiation causes changes in gene and protein expression in human 

endothelial cell lines and the response seems to be genome- and proteome-dependent. Proteomics 2006; 6: 4769-

80. 

120. Zhao TY, Zou SP, Knapp PE. Exposure to cell phone radiation up-regulates apoptosis genes in primary cultures 

of neurons and astrocytes. Neurosci Lett 2007; 412: 34-8. 



41 

 
121. Papageorgiou CC, Nanou ED, Tsiafakis VG, et al. Gender related differences on the EEG during a simulated 

mobile phone signal. Neuroreport 2004; 15: 2557-60. 

122. Smythe JW, Costall B. Mobile phone use facilitates memory in male, but not female, subjects. Neuroreport 2003; 

14: 243-6. 

123. Nam KC, Kim SW, Kim SC, et al. Effects of RF exposure of teenagers and adults by CDMA cellular phones. 

Bioelectromagnetics 2006; 27: 509-14. 

124. Hardell L, Mild KH, Carlberg M, et al. Cellular and cordless telephone use and the association with brain tumors 

in different age groups. Arch Environ Health 2004; 59: 132-7. 

125. Hardell L, Carlberg M. Mobile phones, cordless phones and the risk for brain tumours. Int J Oncol 2009; 35: 5-

17. 

126. Hardell L, Carlberg M, Hansson Mild K. Epidemiological evidence for an association between use of wireless 

phones and tumor diseases. Pathophysiology 2009; 16 (2-3): 113-22. 

127. Shckorbatov YG, Grigoryeva NN, Shakhbazov VG, et al. Microwave irradiation influences on the state of human 

cell nuclei. Bioelectromagnetics 1998; 19: 414-9. 

128. Hinrikus H, Bachmann M, Lass J, et al. Effect of low frequency modulated microwave exposure on human EEG: 

individual sensitivity. Bioelectromagnetics 2008; 29: 527-38. 

129. Zotti-Martelli L, Peccatori M, Maggini V, et al. Individual responsiveness to induction of micronuclei in human 

lymphocytes after exposure in vitro to 1800-MHz microwave radiation. Mutat Res 2005; 582: 42-52. 

130. Sannino A, Sarti M, Reddy SB, et al. Induction of adaptive response in human blood lymphocytes exposed to 

radiofrequency radiation. Radiat Res 2009; 171: 735-42. 

131. Lai H, Singh NP. Single- and double-strand DNA breaks in rat brain cells after acute exposure to radiofrequency 

electromagnetic radiation. Int J Radiat Biol 1996; 69: 513-21. 

132. Lai H, Singh NP. Melatonin and a spin-trap compound block radiofrequency electromagnetic radiation- induced 

DNA strand breaks in rat brain cells. Bioelectromagnetics 1997; 18: 446-54. 

133. Oktem F, Ozguner F, Mollaoglu H, et al. Oxidative damage in the kidney induced by 900-MHzemitted mobile 

phone: protection by melatonin. Arch Med Res 2005; 36: 350-5. 

134. Ozguner F, Aydin G, Mollaoglu H, et al. Prevention of mobile phone induced skin tissue changes by melatonin 

in rat: an experimental study. Toxicol Ind Health 2004; 20: 133-9. 

135. Ozguner F, Oktem F, Armagan A, et al. Comparative analysis of the protective effects of melatonin and caffeic 

acid phenethyl ester (CAPE) on mobile phone-induced renal impairment in rat. Mol Cell Biochem 2005; 276: 31-

7. 

136. Ozguner F, Oktem F, Ayata A, et al. A novel antioxidant agent caffeic acid phenethyl ester prevents long-term 

mobile phone exposure-induced renal impairment in rat. Prognostic value of malondialdehyde, N-acetyl-beta-D-

glucosaminidase and nitric oxide determination. Mol Cell Biochem 2005; 277: 73-80.  

137. Ozguner F, Altinbas A, Ozaydin M, et al. Mobile phone-induced myocardial oxidative stress: protection by a 

novel antioxidant agent caffeic acid phenethyl ester. Toxicol Ind Health 2005; 21: 223-30. 

138. Ozguner F, Bardak Y, Comlekci S. Protective effects of melatonin and caffeic acid phenethyl ester against retinal 

oxidative stress in long-term use of mobile phone: a comparative study. Mol Cell Biochem 2006; 282: 83-8. 

139. Ayata A, Mollaoglu H, Yilmaz HR, et al. Oxidative stress-mediated skin damage in an experimental mobile phone 

model can be prevented by melatonin. J Dermatol 2004; 31: 878-83. 

140. Ilhan A, Gurel A, Armutcu F, et al. Ginkgo biloba prevents mobile phone-induced oxidative stress in rat brain. 

Clin Chim Acta 2004; 340: 153-62. 

141. Koylu H, Mollaoglu H, Ozguner F, et al. Melatonin modulates 900 Mhz microwave-induced lipid peroxidation 

changes in rat brain. Toxicol Ind Health 2006; 22: 211-6. 



42 

 
142. Sokolovic D, Djindjic B, Nikolic J, et al. Melatonin reduces oxidative stress induced by chronic exposure of 

microwave radiation from mobile phones in rat brain. J Radiat Res (Tokio) 2008; 49(6): 579-86. 

143. Sevastôyanova LA. Specific influence of millimeter waves on biological objects. In: Devyatkov ND, ed. 

Nonthermal effects of millimeter waves radiation (in Russian). Moscow: Institute of Radioelectronics of USSR 

Academy of Science, 1981: 86-109. 

144. Gos P, Eicher B, Kohli J, et al. Extremely high frequency electromagnetic fields at low power density do not 

affect the division of exponential phase Saccharomyces cerevisiae cells. Bioelectromagnetics 1997; 18: 142-55. 

145. Frohlich H. Long-range coherence and energy storage in biological systems. Int J Quantum Chem 1968; 2: 641-

52. 

146. Kaiser F. Coherent oscillations - their role in the interaction of weak ELM-fields with cellular systems. Neural 

Network World 1995; 5: 751-62. 

147. Scott A. Nonlinear science: emergence and dynamics of coherent structures. Oxford: Oxford University Press, 

1999. 

148. Bischof M. Introduction to integrative biophysics. In: Popp FA, Beloussov LV, eds. Integrative biophysics. 

Dordrecht: Kluwer Academic Publishers, 2003, 1-115. 

149. Arinichev AD, Belyaev IY, Samedov VV, et al. The physical model of determining the electromagnetic 

characteristic frequencies of living cells by DNA structure. In: 2nd International Scientific Meeting ñMicrowaves in 

Medicineò. Rome, Italy: ñLa Sapienzaò University of Rome, 1993, 305-7. 

150. Hardell L, Hansson Mild K. Mobile phone use and acoustic neuromas. Epidemiology 2005; 16: 415; author reply 

7-8. 

151. Hardell L, Hansson Mild K, Carlberg M. Further aspects on cellular and cordless telephones and brain tumours. 

Int J Oncol 2003; 22: 399-407. 

152. Hardell L, Hansson Mild K, Pahlson A, et al. Ionizing radiation, cellular telephones and the risk for brain tumours. 

Eur J Cancer Prev 2001; 10: 523-9. 

153. Ahlbom A, Green A, Kheifets L, et al. Swerdlow. Epidemiology of health effects of radiofrequency exposure. 

Environ Health Perspect 2004; 112: 1741-54. 

154. Pacini S, Ruggiero M, Sardi I, et al. Exposure to global system for mobile communication (GSM) cellular phone 

radiofrequency alters gene expression, proliferation, and morphology of human skin fibroblasts. Oncol Res 2002; 

13: 19-24. 

155. Nikolova T, Czyz J, Rolletschek A, et al. Electromagnetic fields affect transcript levels of apoptosis- related 

genes in embryonic stem cell-derived neural progenitor cells. Faseb J 2005; 19(12): 1686-8. 

156. Ozguner M, Koyu A, Cesur G, et al. Biological and morphological effects on the reproductive organ of rats after 

exposure to electromagnetic field. Saudi Med J 2005; 26: 405-10. 

157. Panagopoulos DJ, Karabarbounis A, Margaritis LH. Effect of GSM 900-MHz mobile phone radiation on the 

reproductive capacity of drosophila melanogaster. Electromagnetic Biology and Medicine 2004; 23: 29 - 43. 

158. Fejes I, Za Vaczki Z, Szollosi J, et al. Is there a relationship between cell phone use and semen quality? Arch 

Androl 2005; 51: 385-93. 

159. Aitken RJ, Bennetts LE, Sawyer D, et al. Impact of radio frequency electromagnetic radiation on DNA integrity 

in the male germline. Int J Androl 2005; 28: 171-9. 

 

 

 

 

 

 



43 

 

Section 4  
Parameters to be considered in the optimisation of practices. Frequencies, frequency 
windows, endogenous electromagnetic fields, electromagnetic homeostasis in living tissues. 
Effects of external electromagnetic fields on endogenous electromagnetic fields. Coherent 
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