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Foreword by ORSAA
(OceaniaRadiofrequency Scientific Advisory Association)

This book brings a timely warning message to a world intent on further densification of
background artificial electromagnetic fields (EMFs) to the point of saturating the planet.
The current level of humamade EMF already sitat a quintillion (10'%) times the
eart hds nat ur aThesb lawl& gntinue to dse ih spieenf very limited
biological testing and the many warnings from independent scientists over the last five
decades. Ubiquitous 56 now to be added to tlexisting3G and 4Gystemscovering

the earth and sky, and invading the ionosphere.

Artificial radiofrequency (RF) radiation has already been shown to be a potentially
carcinogenic agent, damaging to DNA and creating many biblgical and health
effects.

ORSAA has assisted with the translation and revision of this book with a view to
understanding the reasoning behind the Russian precautionary approach tedhe roll

of wireless technology. Sadly, the author, Professoli @uigoriev, a giant in the
science of Radiobiologypassed away in the midst of the translatindrevisionof the

book. Over the past seven decades, Professor Grigoriev orchestrated masgdbrge
experiments and practical projects in ionizing and-iooiizing radiation science and
protection. The output of this work has been used in health care, medical science, the
military, and in space research. Grigo
interactions between biology and physics shoultl m® ignored by governments,
telecommunications engineeos social scientists charged with responsible decision
making in this matter. ORSAA has considered it both an honour and a duty to complete
this project, in fulfillment of his urgent wishes.

Profesor Grigorievwas privy to many decades of reseandgardingnon-ionizing
radiation in Russia and the Eastern bloc countries. The reddgeisgiven access and
insight into results from these studies. It becomes clearer with each turn of the page tha
these research results corroborate and amplify the many warning messages of biologice
harm revealed in the enormous database of scientific statieady available to the



West, from military studies beginning in the 70s to sound biophysics of the 80s, and
decades of independent research from universities and other institutions.

In these pages the author desaibi® biophysics of exposures tME using clear
explanations and solid logic. The industry premise that 5Gmeaiterwaves (which are
characterized by complex modulations) will only be absorbed in the skin and thereby
only increase surface heating, is revealed to be shallow and falgee Bsok explains,

the skin is a major critical organ of the body when it comes tomatkrwave
exposures |t is rich in nerves, and innervated by the peripheral nervous system,
including the autonomic ner volineofdeferscé e m.
against chemical or mechanical assa@incerns are also raised for the cornea and
sclera of the eyes, for which there is no current relevant experimental data.

Themanydecades of work in Russiand Eastern bloc countries bioresonane have
provided a qualitative shift in understanditige interactioabetweerMMW signals and
human system#Jse of bieresonancas a frameworkasallowedfor the integration of
seemingly puzzlingesultsfrom variouscornerssuch aghe discovery oamgitude and
frequency n wilinedradesaasporsa aharacterigtics. Both experimental
and theoretical work regarding biesonance iseviewedwithin this text Includedin

this work is evidence for mechanisms time bodyand the immune system that
specificallyrecognisevariousforms of MMW radiation. These systems are changed as
a resultof their interactions with MMWsand moreover, thegccumulag bioeffects

These bio-resonance findingprovide principlesof immense significanceof better
understandingof the immune system and humaensitivity to EMFs A better
understandingf bio-resonanceould assistmicrowavetechnologyto move out from
the currently unhealthy situatioand into safer, more bicompatible systems
Exploratian of bio-resonance effects majsoopen up new methods for healjiigereby
creating a qualitative shift in medical science.

The authorand his colleaguebave taken an approach to radiation protection that

prioritises the health and safety of the population, including more vulnerable exposure
groups such as children. The Russian scientists point out that our current exposures t
RF, although deemed by westeerut hor i t i-pswepbpobeafiEowngo
per day, seven days a week, and are biologically active. Therefore, these anthropogeni
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electromagnetic energy exposures cannot be considered to be risk free, particularly fol
more vulnerable populatiagroups. Their approach is in stark contragh®mapproach

taken byICNIRP, FCQUUS), and ARPANSA (Australiapnfortunately for humankind

these organizations, Wi are responsible for our protectiaequireconclusive proof

of harm beforgheywill acknowledge the risks. The International Commission on-Non
lonizing Radiation Protection (ICNIRP# selfappointed norgovernmental agency
where the membership selection process is shrouded in ses&nyds accused of
having major conflicts of interestkCNIRP continues to ignore lorigrm nonthermal
bioeffects in setting their guidelines, and it is these guidelines that are used in the Wes
to set global standardghich have allowed industry to proceed unencumbered by any
real safety regulations.

Wegat efully acknowledge the academic an
radiation health physicist, Victor Leach, as well as tiam of editors and other
professionals who have worked tirelessly to bring this revised and translated version of
the orginal Russian book to fruitioWVe recommend this text as an enlightening read
for those concerned with the health implications of amatle microwaveadiation,
including5G signals

ORSAA, 2021
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Original Russian Foreword

In Russia, as in many countries, there have been active discussions over the past fe
years about a promising proposal for optimizing cellular communications. This has
culminated in theworldwide implementation of the new 5G technological standard
which will guarantee fast transmission wést amounts of data. For this purpose,
millimeterwave(MMW) electromagneticadiationwill be used.

The techneeconomic advantages are-faaching and widely reported by the media
around the worldHowever, the degreef risk this type of electromagnetic radiation
poses to public health and the environment remains unclear.

Scientists and medical professionals have appealed to the United Nations and the
European Union regarding the necessity for preliminary medicdiatabical research
before implementing the 5G standard. Unfortunately, these appeals have not been acte
upon. A number of countries who question the need for the 5G implementation are
ponderinghe health consequences aé tiensification of EMF pollutip.

This book by Yuri. G. Grigoriev, etalThe 5G Health Risk An Integrated
Radiobiological Assessmenexamines thepotential health implications of the
implementation of the 5G standard within the cellular communication sys$tem.
contrast to the alrgly existing 2G, 3G and 4G wireless technologies, which use
electromagnetic fields in thadio frequency range, the 5G standard additionally utilizes
millimeterwavego incorporate the network connections of the Internet of Things (IoT).

In order to ensure theable delivery of MMWSs to cover the entire territory of our planet,
Earth satellites are usebthe launch of 4,425 satellites has been planned to implement
the provision of universal Internet accedsefie are already 800 satelliiespace under

this program.

As a result, the entire population of the earth will be trapped for life in an
electromagnetic grid of miliheterwaves and no one will be able to avoid their impact.

It should be noted that there are currently several thousand satellites in orbit. This fact
is of great concern to astronomers (in the context of light pollution) and also for space
agencies regarding the safe service of personnel on space flights ia. Spsgie junk
(debris) is a major problem as collisions create an-eeeasing number of high
velocity projectiles that could threaten global communications. Debris larger than the
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size of a tennis ball is currently being tracked, however, NASA hasteepover
500,000 untracked objects.

MMWs, unlike the current microwave frequencies used for 4G communication, are
easily blockedy objectsIn practice to cover a certain area with a nrillétercell, you

will need to increase the number of base stations (BS). For example, if the cell radius is
only 20metes, you will need about 800 base stations per squamadity located three

to five metes from the consumer. This is in sharp contrastef@mple, with 3G and

4G requirementswhich use large cells and have ranges from 2 to 15 km or more.

Sincemilli meterwaves are absorbed in body tissue at a depth of up to 2 mm, only the
skin and sclera (whitsectior) of the eye will be affected by thefhe authoand his
colleagus therefore correctly believe that when assessing the risk of MMW exposures,
it is necessary to take into account finesenc®f two new critical organs, the skin and

the eyes. The skin isvery complex biostructure. It ife largest organ in the body and
has a large number of receptors. Skin acts d@bi@relayo between the external
environment and the functional state of the body.

Naturally, the introduction of 5G technologythe communications systeraises new
questons. Firstlythere are the technical requiremeiotsthe successful use of this type

of communication: a significantly larger number of miartenna base stationse(,
antennas) per unit area with satellite support is needed. Secondly, theradk of a
consistent methodology fohealth and safety Thirdly, thus far, there are only
assumptionabout the possible biological effects of a lifetime of exposure to MMWs on
human populations and ecosystems. Thamelong-termdata on possibleealtheffects

from constant exposure to MMWSs on the skin and sclera of the eyes. Targeted researcl
or premarket testing has not been performed in Ruesiather countries prior to
implementation of this new technology.

There are different perspectives on #ssessment of thmotential hazardsef this new
technology. The International Commission on MNomizing Radiation Protection
(ICNIRP) and the US Federal Communications Commission (FCC) assksBy
considering onlythe additional absorbed dose eliectromagnetic thermal energy,
according to the prexisting radiofrequency (RF) standards. This additional dose is
considered insignificant (in terms of energy transfer) and therefore the existing FCC and
ICNIRP standards, approved back in 1996, arebroig materially revised to indie

other northermal emerging potential health aspelteernational standards, despite the
criticism of the scientific community and the European Union, have remained



unchanged for more than 20 years.

The author of thiBookasses thatthe ICNIRP approacts in error since the radiation
loads on new critical orgar(he skin and the eyes) are naken into accountThe
authorscontendthat the significance of radiobiological criteria and the degree of risk
from the emegence of the new critical organsistbe consideredn particular the load

on existing critical organs and systemgth a view to lifetime exposure of the
population to electromagnetic fields (EMFs). From this point of view, this book presents
an assesmnent of the total radiobiological danger of planetary electromagnetic radiation
exposure to the population.

The book offers the reader new ways to reduce the electromagneticalkiad, into
consideratiorbG exposures on the human population. It is sssey to explain to the
public that radiofrequencyelectromagnetic radiation can tarmful and that their
protectionis regulated by certairadiation protectiostandards. Exposure to EMFs that
exceeds these standards may negatively affect the heattie ahobile (wireless)
communications user. In this regard, public should strictly follow the existingealth

and safetyrecommendationgMost people, however, perceive their wireless devices
simply as a convenient part of everyday, Iffir entertainmet, or as a toy for children.
They usewirelesscommunications without restriction and do not consider limiting their
conversation time. Thgeneral publimeeds tdbe made aware that they are violating
radiation protectiomecommendationandputting thenselves and their children at risk.
This danger must be clearly and persistently explained through public health messaging
and in the media. It isecessarto introduce the conceptéife x posur e r.i sk
Strong consumer protection advice is requiratithe telecommunicationisdustry, as

well asgovernments, are reluctant to give this advice as itaskhowledgdhat these
devices are not riskee and could also adversely affect their profits.

To our knowledge this is the first book on 5G thatlines the potential dangers of 5G
technology, both in Russia and overseas. The publication of this book is timely.



Aut hor s Preface

This book discusses the implementation of the 5G standard in the cellular
communication system. Thisnplementation involves the use of mitleter waves
(MMW) for a broadband wireless connection between devices such as mobile phones
and other 5&nabled devices and objects. Uses will include telephony and connection
to the internet, as well as the simuksus distribution of the 10T (Internet of Things).
The IoT is the wireless connectivity between millions of devices in homes and offices,
as well as those used, for example, in transport and production.

As MMWs are easily absorbed, the main areas of@wnfor human exposures have
been effects on the skin and eyes.

This book presents a new radiobiological approach to assess health hazards of the 5
standard. The significance of radiobiological criteria and the degree of risk are weighed
to include a cosideration of the implications of the appearance of new critical organs,
and the load on existing critical organs and systems during a lifetime exposure to
electromagnetic fields (EMF) in the population. This integrative perspective is used by
the authordo assess the total radiobiological danger of planéé electromagnetic
radiation exposure to the population.

Strategies to reduce the electromagnetic load on the population are suggested.
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Introduction

For more than 30 years, the global community has been discussing the dangers o
electromagnetic fields (EMFs) for public health. During this time, 2G, 3G and 4G
technologies have already been used in the system of cellular communications, and nov
anexpanson to this technology is planned u
level, many countries have established official committees, forums and public trust
committees, and scientific alliances to address the perceived problems of the new
expansion A few examples of these committees are the International Advisory
Commi tt ee f loterndioraleEVMPARDL@EG the International Commission on
Non-lonizing Radiation Protection@NIRP), theBiolnitiative Working Group, and the
International Commission for Electromagnetic SaféBEMS). Many others have also
been establishetCNIRP has created a set of guidelines that define exposure limits that
are supposed to protect the public against any possible adverse effects from upgrade:
Howeverthe ICNIRP limits are only based on short term heating effects and have been
criticised from segral quarters (as will be discussed more fully below).

The Russian National Committee on Nemizing Radiation Protection (RNCNIRP)
has been working to incorporatenthermalsafety factors to protect agaimshgterm
health effectdrom radiofrequencyelectromagnetic field exposures ({EMFs) into
Russian safety guidelines f cepidemiological 2 0
regulations and normso (or SanPi Ns) ar
occupational health and safety standdhnds are created to protect the letlegm health

and safety of the population. For nimmizing radiation (NIR), the RNCNIRP made the
decision to include the development of SanPiNs specifically for children. Based on
health risk assessments and their rememdations, SanPiNs (2.1.8/2.2.4.119Qvere
devel oped for NIR in 2003. This Committ
well as for children, has been sent by the WHO to many countries around the world.

Despite these efforts by the RNCNIRRy fexposures to theorrionizing type of
radiation that we uséor wirelesscommunications today (unlike ledoseionizing
radiation), we still do not have adequate information on which to base a public health
risk assessment . I't -iinst epestoop{onont h
telecommunications industry and also of governments) has created discordant views or
public health risks from our wireless communication systems. Any admission of risk
could open up a Pandor a b sdushydriendlydcientisist i g
hold leading positions in reputable international organizations that have a predominant


https://www.who.int/peh-emf/project/en/
https://www.who.int/peh-emf/project/en/
https://www.icnirp.org/
https://bioinitiative.org/
http://www.icems.eu/

influence on standarsetting and RFEEMF protection policies. In addition, many
industryfunded studies are conducted with the intentiomlmfining norsignificant
results in order to counter independent research findings that show significant effects.

The concept ofadiosensitivitthatcrea t e s fAicr i t beemignoredragadasE O
principle in the radiobiological assessment of the dangers of cellular communication
EMFs. The brain, the thyroid gland, the skin, the immune system, the reproductive
system, an@ntogenesiareall examples ofadiosensitiity to NIR in the human body.
There is theossibility that an accumulation of adverse bioeffects will result in cellular
damage which, in turn, gives rise to letegm health consequences. These consequences
could lead to the reduction of average life expectancy, increased risks from lifetime
radiation exposures, and a variety of diseases. It must be recognised that children are a
filarti sko group, and as such, should be t

The introduction of cellular communications into our daily life has significantly polluted
the naural electromagnetic background of our environment, and has considerably
increased the impact of EMFs on all population groups including children. Unlike
ionizing radiation that is found in nature, this-BEMF is an artificially created radiation
which ha no health analogy for comparison that we can use to derive the risk to public
health.

It is not possible to derive new risk factors by extrapolating low frequency exposures to
high frequency exposures. However, there is reason to believe that addmng hig
frequency 5G radiation to the already complex combination of lower frequencies will
contribute to negative consequences for both the physical and mental health of the
population.

5G technology significantly complicates existing approaches to hazastassg and
makes it problematic to protect the population from lifelong (chronic) exposure.

In many countries, there is a complete disregard fquridsgautionary principlproposed

by the WHO(Precautionary policies and health protection, 208f the samdime, we
havethe intermitentappearance of publications stating that wireless communication is
harmless for public health. In the US, the previdusmp administratiomeclared that

5G technology was to be a priority in the national security prog@inhton, 2017.

|t should be noted that the introduct
generation of mobile communications (after 2G, 3G and 4G) created for our ease anc


https://en.wikipedia.org/wiki/Radiosensitivity
https://en.wikipedia.org/wiki/Ontogeny#:~:text=Ontogeny%20(also%20ontogenesis)%20is%20the,entirety%20of%20an%20organism's%20lifespan.
https://en.wikipedia.org/wiki/Precautionary_principle
https://apps.who.int/iris/bitstream/handle/10665/107399/E75313.pdf
https://techcrunch.com/2017/12/19/ultra-fast-5g-wireless-service-declared-national-security-priority-by-white-house/

conveniene - it is also being used for the development of a new type of military
technogy in the United States, as wel | a .
(Active Denial Systenjs

In the United States, the FCC has allocated thematierwave spectrum for the 5G
standard (0.6 GHz; 24.25 to 25.25 GHz; 27.5 to 28.35 GHz; 37 to 40 GHz; and 64 to 71
GHz) without conducting any preliminary research on the safety of fhexpgencies

for the public.

Unfortunately, controversy regarding the health impacf modern wireless
technologies has continued for more than 30 years. The problem is now further
complicated by the introduction of the 5G Super High Frequencies (8tdRilli meter
waves MMWSs) that will be used in addition to the already Ultra High Frequencies
(UHF) of previous technologies. Assessing the impact of this mixture eENRF
frequencies becomes even more complicated, especially for epidemiologistafsince,

the introduction of 5G, there will be no control population groups that hat/keen
exposed to EMR. Also, it should be recognized thatERMF has a synergistic effect,
whereby the combination of bioxins, together with bioeffects from EMFs ages to
amplify health effects (Kostoff & Lau, 2017).

The 5G communication standard is not oglyantitativelydifferent from 2G, 3G and

4G, but also variegqualitatively. It is a mistake to assume that the introduction of the
5G communication standardjisu st a further finnocuousdc
exposure for the population. The use of mullter wave technology increases the
possibility of substantial health impacts because of constant exposure to the skin and th
eyes, which we identifysabeing critical organs due to their potential for radiosensitivity.

A new radiobiological approach to 5G hazard assessment is required.

The author and translators of this book are conviticatithe true consequences for
the health of all population grpg, and for our existing way of life, will only become
known when several generations have passed.


https://jnlwp.defense.gov/Press-Room/Fact-Sheets/Article-View-Fact-sheets/Article/577989/active-denial-technology/

Part One: Identifying the Potential Health Risks of the 5G
Standard

A new fifth generation of cellular communication

5Gis planned to be the foundatifor the creation of @European Gigabit socielypy
2025. The creation of tHaternet of Things (IoT) is being marketed on the basis of its
potential to create a better, more comfortable and convenient way of life. The loT
network will use a nevgeneration of shorter higinequency 5G millineterwaves for

its communications and wiltonnecta great variety obbjects to the Internet. It is
estimated that therare likely to be between 10 and 20 billion connections to
refrigerators, washing machisie surveillance cameras, seliving cars, buses,
roadways, baby diaperand so onAntennas and devices wilbntinuouslybe in close
proximity to the usés body. All this will lead to a far greateamulativeEMF exposure
impacton the population, bbtin terms of quantity (more exposure) and time (fong
term).

5G hase stations with micro antennas, knowrsraall cels (see thevidea i 5 G By t e
Smal | Ce | IY)swill ButrpuhdpdopleeveérgwhereThese antennas can be just
millimetes in size.They will be located on the prexistingbase tationinfrastructure

used by 2G, 3G and 4Ghey will be in highdensityareas such as shopping malls
workplaces and hospitals. To successfully deliver their signals, they will need to be
mounted on electrial power poles, lampposts and other street facilities, at all
intersections, on stairwells, in apartmewtseach floor of schools and office buildings,
and so onThe new antennas will blanketimanpopulations withmoreelectromagnetic
radiation. Accorthg to Moskowitz (2017, California alone will require an additional
50,000base &ations.

The 5G technology allowfser adramatidncrease in thgolume and speed of the transfer
of data. However, delivery of the signal to the consuwiktrentail the densification of
antennas (called small cells) in close proximity to the dserddition, in support of the

Vi deo accessible at | EEE Spectrum web
published 19 August 2017, https://spectrum.ieee.org/video/telecom/wire kbssésg
smallcells-explained


https://spectrum.ieee.org/video/telecom/wireless/5g-bytes-small-cells-explained
https://www.saferemr.com/2017/08/5g-wireless-technology-millimeter-wave.html

new system,a ensure the stability of communications throughout the entire planet,
arounda thousand satellites have already been deulan spaceThus,the new 5G
system introduces new RF exposures to the planet which must be addressed in terms
human health.

When it comes to potential health effects, a mpjoblem is thelifficulty of measuring

and monitoringnilli meterwaves. Tlere is also no agreed methodologydetermining

what levels of exposure to this radiation would be afganizationssuch adCNIRP

and the FCC do not recognize théder dimensions of risks and thus there is no
management of these riskssteadthereis onlyguessworlabout the biological impacts

of a lifelong exposure to mifiieterwa v e s, both for humans
ecosystems, and this guesswork is based on assundptissamptions that may not be
accurate.

Unlike the existing 2G, 3G and 4®@ireless communication technologigke fifth-
generationtechnologystandard5G) will additionally use themillimeterwave(MMW)
sectionof the radiofrequency (RF) part of thelectromagnetic spectrunfhe term
i mimettvaves o r ef er s-freguence(3b3I0@GHe)kelgctrdmaggetic
vibrations.(For a concise explanation of the use of MMWs in 5G see the ikf€®

A5G TechnomeegNaer:s MixAplliai nedo

We knowthat millimeterwavesare strongly attenuated (absorbedyvhen propagad

in the eartlis atmosphere. An example of this attenuation iglisreiption of television
signals from satellites by heavy stormgyral attenuation is caused by the resonant
absorption of wave energy in atmospheric gases, and it is highly dependent on weathe
conditions (e.g. rain, fog, snow and pollutioRurthermoreterrestrial millmeterwave

radio systems are characterized by a short rahgaly hundreds ofmetes instead of
kilometes, due to obstacles like vegetation and buildingse attenuation is a direc
result of the smaller size of the 5G MMW EMF wavelength, which has less power of
penetration than the 3G or 4G EMF wavghis is the reason why 5G needs to be
deployed on electrical street poles.

2YouTube video: fnbnekteWaewksoEagi aSpeceuwhd| | |
May 9, 2017, https://www.youtube.com/watch?v=aacnhn8IcHI is an extract from the
video AEverything You Need to Know Abol
https://www.youtube.com/weh?v=GEx_d0SjvS0
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As a consequence of attenuation and riglatively short range ommilli meter wave
signals if they are usedto cover a certain area, thémindreds of antennas and an
increased number bhsestations (BS) will be needed. For example, i@ base station
has a cell radius of 2@etes, about 80Mase stations per square kileterwould be
neededlocatedin close proximity tdahe consumeg4-7. Many 5G antennas will need
to be located just a femetes away from residential homes. This is in sharp contrast,
for example, with 3G and 4G, which Uaege cells thatangefrom 2 to 15 km or more
allowing a larger area to be covered by fewer b&g@ons.

The 5G base stations will use a targeted beam ofHRF- to reach the user through a
phased arragystem. This will allow targeted beams of RF to bed&d at the cell
phone user. These highly polarised beams oERF- are similar tdaserbeamswhich

are focused and coherent beams of vidiglat. Currently the RFEEMF mobile phone

or Wi-Fi radiationradiates in all directiongsotropically), and the intensity drops @ff
accordance wittheinverse square lavirhis is not the case with targeted MMW beams.
This new source of RF will b addition to the radiation des we currently receive
from existing technologieddoreover, wirelessleviceswill support several standards at
the same time and will be able to wasknchronously for different tasks. This will create

a new electromagnetenvironmentafiso up 6 t hat we wi | | Il i ve

Due to their smaller wavelength,ilimeterEMF waves are also easily absorbed in
tissues, witha penetration deptbf only 1i 2 mm (maximum). Given this fact, only the

skin of the body and the superficial mucous membranes, for example, the sclera (white
par)) of the eyesre expected tbe affected

In our opinion, when assessing the risk of MMWs for public health, it is necq
to consider the skin and the eyes (in particular, the sclera of the eyes) g
critical organs (a full discussion of this topic is given in the sections below

Today, satellites are considered an integral part of the launch of 5G and theoloT.
ensure global connectivity, in March 2018, the US Federal Communications
Commission (FCC) graedapprowal for SpaceX tdaunch4,425satellites around the
Earth. In 2021 with already over 1,300 satellites in orbit, SpaceX was granted
permission by the FCC to launch 2,814 mS8MARLINK satellites into lower orbits.
SpaceX has asked the FCGprove upo 12,000 satellitesoas o pr o v-asdd, e A
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|l ag free 5Go0. abilongroundibdsdd anteanaswillbenreqtired. The
plan is to have fasiccess internet from space to every sqoaterof the earth.

Due to dsorption in theatmospheremostly clouds and rain, the power of the MMW
signal from satellitesanbe reduca by almost ten timesl'o overcome this limitatign
phased arrays are being usedgo sufficiently concentrate the beams of rayensure

that they reach thground. The satellites will be located in two orbital planes at altitudes
of 340 km and 1,100 km. Military satellites already use phased almagadition to the

new satellite telecommunication infrastructurggh-altitude drones oHigh-Altitude
Platfam Stations (HAPS) will be deployed to permanently reside in the stratosphere
and act as relay stations for communication satell{es result, there will be Internet
connectivity throughout the planet.

The effective outcome of the deployment of they &5 infrastructures will be th#he
entire population of the earth will be trapped for life in an electromagnetic grid of
milli meterwave radiation, from which no one will be able to escape (see Figure 1).

Figure 1: An ar tglobdSdntemetndi ti on of the

While the 5G infrastructure developmémitgesahead, the telecommunications industry

resorts to partisan lobbying and, at the same time, actively tries to shape public
perceptions of 5G technol ogy Bespitebteei ng
incredible pace of change in our electromagnetic environment, it was suggested by
Foster (2019) that authorities delay the revision of new protective standards:r st



need to see how this new technology will be applied, and how scieatgitfec will
devel opo. I n o ur isakmnitorcadllingfardmalsiss 556t atxpme |

Keen for further growththe telecommunications industry itself is appealing to the
general publido adoptthis technology faster without question or cauti@rigoriey,
2020). In a 2015Ipa for cautionmore than 260 scientists and doctors asked the UN to
declare a moratorium on 5G deployment until industdependent scientists can fully
and objectively asess the health risks associated witmew technologylternational
Appeal 2015). One of the authors of this book signeshibpeal. Heréollows an extract
describing theationaleof theappeal:
Numerous recent scientific publications have shown that EMF affects living
organisms at energy levels Nvébelow most international and national
recommendations. Effects include increased cancer risk, cellular stress, an
increase in harmful free radicals, genetic damage, structural and functional
changes in the reproductive system, learning and memorytdefieuirological
disorders, and negative effects on overall yheling. The damage goes far
beyond the human race, as there is growing evidence of harmful effects, both
on plants and on animal life

It is not just 5G frequencies that present health figklsumans, plants and animals.
There is already a wealth of research pointing to harm from 2G, 3G and 4G frequencies

In 2018, the US\ational Toxicology PrograniNTP) published the results of a $30
million, whole-body, northermal animalstudy (Vyde et al., 2018)and reported
finding ficl ear e vi das mcresolt ofCODMAcaad G$Mh 0 g ¢
communication radiation. The NTP study was designed to represenonfieermal
exposures that a mobile phone user experiewtesn a phone is usetkar the body.
The resultshowed increased risk of cancer in male rats and damaged DN#iraks
and mice of both sexes. The results fifrtheranimal study conducted by tRamazzini
Institute in Italy then corroboratedhe findings of the nedield NTP study The
Ramazzini Institute study was a fiéld study and represented the weaker radiation
exposurdevels of population groups living nedrase tations(Falcioni et al, 2018)
Together thesstudes suggest that mobile phone and mobile based stationssayeal
likely to cause cancer in humans.
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The WHIQdrmational Agency for Research on Cand®hRC) classified
radi of requency radiation as fAFherredsdin y
head and neck tumors in cancer registries bebgervedn many countriesHardell,
Carlberg, Hansson Mild & Eriksson, 20Ihay be due to the increiag useof wireless
devices. This increased risk is consistent with epidemiologicalczageol studies
(Hardell & Carlberg, 2016 that found an increased risk of tumors in people who use
mobile phones for a long period of time.

Moreover, there is strong scientific evidence that afrdgquency radiation causes
neurological disorderg4ao, Zhao &Peng, 2015 and harm to the reproductive system
(Vereshchak& Chueshova2017) The biolodcal and health effects of 2G, 3G and 4G
waves will be covered in more detail in Part Two of this book.

The volume of peereviewed scientific data on nghermal bioeffects of the earlier
wireless technologiesa¢ shown by th@®ceania Radiofrequency Scientific Advisory
Association[ORSAA] database [Leach, Weller & Redmayne, 201]ygests that

exposure to microwaves and mitieterwaves used in 5G is also likely be harmful.

Nonetheless the implementation of the 5G standard in cellular communication
structures in many countries is proceeding aggressivelyapidly, with a complete
absence of rigorous praarket biological testing that would be required for other
consumer products.

The problem is that it is currently impossible to accurately model or measure the actual
health effects of MMWSs, so as to reliably assesgitrger As there are no longerm
observationstesearchers do nhow the possible lonrterm consequences and this is
why the worldmust proceed with caution.

Characteristics of millimeter wave electromagnetidields

The millimeterwave electromagnetic fieldssed inthe 5G systemarevery different
from RFEMF fieldssurroundingprevious generation mobitechnologiesThis is due
to the complexity involed in forming a beam of mittieterwaves for transmission in
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both directiongas shown in theidea i 5G Technol ogy: F3uile.l D
from the base station to the client terminal and the sigeetirn. These are calleglink
anddownlinksignal beams. Although theeamsare highly focused, they change rapidly

as they move in both time and space, and are therefore unpredictable.

5G technologies are comprised of modulated signals with increased data streams usin
multiplexing wherespatial multiplexingrefers to simultaneous and multiple messaging
sent to several users. They also wamforming (as shown in thevidea A5G
Technol ogi es: B e &)mnvhiohrenables gnasEive gVIlMOM(itigled o
Input and MultipleQutpu) (as shown in theidea i5G T escMassive MIMOI e
Ex p | &), enablihg many messages to be transmitted at once without interference.
This makeghe 5G waveforms very complex, with their biological effects untested.

MMWs generate significantly highentensity or (surface)power density(PD) and
absorbed radiatiofsee discussion on SAR belothian existing cellular technologies of

3G and 4G standards. Thiscreased exposure can be caused not only by the use of
higher frequencies iBG. In additionto shorter wavelengthdecause the beams are
polarised, they can constructively interfere or-agds well as subtradthis makeshe
electromagnetic environment a continuously changing and volatile mix of signals. The
dynamic nature of RIEEMF radiationmeansthat complex interference effects cam
created especially in densely populated urban areas.

These new technologies mayciaase the risk of overexposure from short bursts of
intense radiation. Some scientists are concerned about théeshodffects of intense
heating (e.gNeufeld and Kister 2018.

Herein lies a big problem: currently itimpossible both to accurately model or measure
5G emissions into the environment. Likewiseg, is also extremely difficult to

3YouTube video: A5G Technology: Full Du
21, 2017,

“YouTube 5WGi dechnidwl ogi es: Beamfor ming EKX
July 28, 2017https://www.youtube.com/watch?v=0idnBOcXvic

5YouTube video: A5G Technol ogies: Massi

August 3, 201 7https://www.youtube.com/watch?v=QVNmalSVPCqg
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characterize the interaction of MMWs with biological structures.

The dosimetry underpinning current guidelines

In 2020, after 22 years, ICNIRP released its new sgtioelines(ICNIRP, 2020) The
mainchangedrom the previousrecommendations @NIRP 1998) relevant t6G and
the spectrum above 6 GHz ara} &dding a limit on wholdody exposuréevels when
averaged over 30 minute@®) adding a limit for shorterm exposure to small areas of
the body(to less than 6 minutesand €) reducing thearea of the body over which
maximum allowable exposurese calculatedto 4 cnt). These ICNIRP updateshave
maintained historical methods for dosimetry and exposure calculation thaddraoues
shortcomings; in particular, for mittieterwaves, as descridéelow.

Dosimetryis used in both ionizing and ndonizing radiation to determine and measure
the amount (or dosage) of radiation energy that is absorbed in fisstieate standards

for safety, measurements must be taken in real world settingthe values found in
those settings must not exceed certain

Based on gl obal experiencestwi ¢tkoiibgni zir
the effects ohortionizing radiation is the absorbed dose ratgpecific absorption rate
(SAR). The SAR for any giveaxposure event is the amount of energy absorbed by a
uni t mass of tissue (expressethusfSpRiIsE kg
typically measured using ti& units of W/kg

National and international regulators set SAR limits for the public so as to avoid
excessive local tissue heating and wHobely heat stress respively. The goal is to

avoid biological consequences in response to a radiofrectithoyed increase in body
temperature of 1°C or more occurring over an average exposure time of six minutes.
Sucha corebody temperature increase is deemed by the Anrer@anference of
Governmental Industrial Hygienists (ACGIH, 2017) to be unacceptable, creating
potential adverse health effects due to heating.

The curent ICNIRP _guidelines are based othe levels at which harm is expected to
occur, which are then divided laysafety factor to set the limits for each frequency
range. For clarity, the discussion below is based on the levels at wiN¢RPQleems
harmto occur.
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ICNIRP make theassumptiorthat harm due to whole body exposure occurs at a SAR
threshold of 4 W/kgdwhen calculated as the average energy absorption by the whole
body as averaged over 30 minQtdsor specific areas of the bodywever, ICNIRP
considers that larger temperature increases of 2°C and 5°C created by SAR values of 2
W/kg (head and torso) and 40 W/kg (limbs) respectively, are acceptable levels of harm.

When it comes talevicesregulatory authorities specifymmaximum permissible dose
(MPD) using SAR levels, and therefore modern wireless devices must all have their own
SAR ratings. That is, the 2G, 3G and 4G signals emitted by devices are required to
comply with the ICNIRP or FCC SAR limits.

However, SARcannot be calculated for shallow MMW penetrations from local-near
field exposurelnstead, the power density from a-faald plane wave is usddstead of
SAR so ago specify limits for local exposurés MMW. The unit of measurement used
is power densit or intensity,measured irgl units of W/m?. It indicates the enated
allowableincident exposurérom the farfield waveapproximation

For 5G millimeterwaves 6 to 300 GHz and for localised areas of skin, ICNIRP estimates
that harm occurs at power density exposures of 2002\(Wahculated as the average
powerdensity absorbed over 4 émnd over 6 minutes). ICNIRP has not distinguished
between head, torso and limb exposures when defining these levels. For frequencie!
above 30 GHz, the calculation of absorbed energy is averaged only ovéraham
cannot exceed00 W/nf.

Use of far fieldpower density approximatisiis unreliable, because the distribution of

the electric and magnetic fields and the absorption of tissue are more complex in the
near field tharcan bedescribed by &ar field approximatioriwu, Rappaport, & Collins,
2015). For example, for exposures to the eyes from 5G mobile phones with many
antennas held close to the headheantenna has its own fielthich together create a
complex electromagnetic field that is not well approximated by a plane wave or by the
average valueMoreove, many factors, such as frequency, tissue density and
conductivity add complexity to the unatainties involved in setting exposure
recommendations.
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Theneedtoreeval uat e Oheat i andproeddiireasct 6 st anda

The current exposurgguidelinesuse SAR and power densityfor dosimetry and
averagingnethods for determining exposurBsith of these protocols have inbuilt flaws
that ignore northermal and stochastic effects.

The problem with using SAR as the main dosimetry measure is that it is only based on
the somatic effects of heating (Panagopsulibhansson, & Carlo, (2013)here are
othereffects thatccur at SAR levels below those that cause heatiregcreategshe

risks associated withonthermal effectsNon-thermal effect€annot be ignored when
determining the dosimetry methods and principles for setting radiattecton limits.

Similar to lowdose ionizing radiation where there atechasticeffects, we cannot
ignore the stochastic effects that occur in-famizing radiation. These create niimear
effects that are not well approximated by averaging over time and space.

So far, the only alternative metrdf MMW dosimetry being proposed are based on
theoretical calculations and numerical modelliRalak et al. 2019). Br example,
Thors et al. (2016) have presentadnodel for estimating timaveraged realistic
maximum power levels for 5@ase stationsA close measurement system and a three
dimensional field reconstruction methbds beerdesgnedfor predictingthe power
density of MMWs in the nedield (Douglas et al., 2018). These anerelytheaetical
modelsand it is only recently that the fireakperimental studidsave beeronducted to
measure the level of MMWs emitted by 5G base stations (Adda et al., 2020).

Several pioneering studies have suggested that the drargnillimeterwaves that is
absorbed by the skin exceedstbeommended ICNIRBuidelines.The results of these
studies, presentdzklow, justifythe need for a review of the new ICNIRP guidelines.

Gandhi and Riazi (1986) focused their research on characterizing the absorption of
microwave radiation in the human body and assessing the significance of the biological
consequences. The values they obtained are highly significant and can be used fo
predcting the risk to human populations with lifelong exposure to MMWs. Calculations
for frequencies ranging from 30 GHz to 300 GHz, gave depths of penetration of MMWs
into the skin varying from 0.78 mm to 0.22 mm, with corresponding surface values of
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the alsorbed dose (SAR) varyirigpm 65to 357 W/kg. The PD of the incident radiation
energy fluxused for these calculations was 5 mW/arorresponding with the thriasld

limits specified in the guidelines of the American National Standards Institute (ANSI).
At this power density, Gandhi and Riazi calculated SAR values for MMWs at the skin
surface that were far higher than the FCC standard of 1.6 W/kg.

According to Gadhi and Riazi, since most of the absorption of milierwaves is in

the area of the skin, the heat reception in the skin from the absorbed energy will create
similar sensations to those that occur from exposure teriefraadiation. For infrared
radigion, thewhole-body heat perception threshold is about 0.67 m\W/¢rardy &

Opel, 1937, adapted by Gandhi and Riazi, 1986). Based on this experimental work,
Gandhi and Riazi calculated that exposure to large areas of the body (ovet)46 cm
milli meterwaves with an absorbed PD ofabout 8.7 m\Wlmmy resul t -i n a
hoto sensation with a whbkebodyexpasire alowed 0 . 6
the new ICNIRP guidelines is set at 1 mW#cmhen averaged over 30 mins. If a larger
spike of energye.g. 8.7 mW/cf) occurred or 1 second, this ma
hot 0 s.dHawewet,itiwould not officially violate the ICNIRP limit, becausiee

spike valuenvould be smoothed down by the averaging calculatged by ICNIRP to
determine the oitial level of exposure.

In the same work, Gandhi and Riazi point out the need to evaluaty¢heffectof

MMW exposure They estimated power absorption for the eye @51HW for an
incident PDof 10 mW/cdy where injury from MMWs ha:
after half an hour of exposure. An irradiation intensity of 0.7 m\/cam cause a
sensatonoheating of fivery warm or hot 06 wi
adapted by Gandhi and Riazi, 1988hwever, he new ICNIRP limit is 2 mW/cfor

20 W/nt for exposures to the eye (set so as to ensure the temperature does not increa:
by more than 2 deges).Thus, the official limit is higher than the level at which
sensations of heating have been predicted by Gandhi et al, giving concern for the safet
of the eye under the new guidelines
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Potential for unacceptable temperature increases

Neufeld and Kuster (2018)ave modelled heating effects on skin due to pulsed
milli meterwave signals greater than 10 GHz. These authors devised a new approach tc
modelling such effects using mathematical analytical models of temperature assllati
corresponding to various energy doses. The modelling revealeguisavtraingmade

up of very shorbut highpowerdata bursts) can create temperature spikéscalized

areas of skin. This occurs because the intense energy from each pulse may be transferr
to the skin within a very short fraction of the pulse time. The time needed for the
dissipation of this heating effect is less than the time availalfiteebthe next energy
spike arrives at the skin surface. Successive intense spikes of energy (transferred to th
skin from the pulsed waves) thereby rapidly build up heat in a local area of skin. In this
way, 5G pulse trains can lead to local stiertn tenperature increases of up to 10°C on

the skin of people exposed, which exceeds tissue damage thresholds.

Neufeld and Kuster clarified that the ICNIRP methods for calculating energy
transferred by averaging over a given time per®do notadequatelyrestrct the
intensity of any given spik&.heir analytical modellingevealed howse ofaveraging
canallow for ICNIRP-acceptable energy spikes, with a péaknediumratio of 1000,
which cancaug permanent damage to skin tissue even after short exposures. The
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authors concluded that the panetes and procedures used by ICNIRP for calculating
the safety thresholds for 5G radiofrequency exposure are therefore in@dequat

For example, current emergency broadband wireless devices operating at frequencie
above 10 GHz can transmit data in packets from a few milliseconds to seconds. Thest
signals could violatehe allowabletemperature increase if they comprised short but
intense spikes of energy. Spikes of energy can also occur due to interference anc
interactions between signals from different RF sources, which can lead tdeshort
pulses with a higher power density ttiha average recommended ICNIRP values of 10

W /m? (Puranen, 2018

The safety imfications of signals in the frguency range above 6 GHz were further
considered in the work dfeufeld, Samaras and Kuster (20Zl)e authors showed that

the application of the new ICNIRP standard for pulsed fields with frequencies from 6 to
30 GHz can lead tonacceptable temperature increases. This may occur due to the way
in which spatial as well as temporal averaging is used in creating the new ICNIRP
threshold levels. The new ICNIR#patial averaging area of 4 gralthough significantly
reduced in compams with the previousguidelines, stilldoes not prevent high
temperature increases in the case of narrow bearsiagkepulse from a narrow beam

can lead to an increase in temperature about 10 times higher than the temperatur
increase due to a wide beamaplane waveThe current method of averaging over 4
cn? predicts a temperature increase for plane waves of 0.4°C. However, a narrow bean
with a radius of 1 mmwill have all the heat deposited in a much smaller area; therefore,
the heating in that localized area would be much more inténstermoreatrain of

pulses from a narrow beam would lead to an even greater temperature increase (almo:
10°C).

These results underscore the importance of reviewing the methods used for calculating
existing exposure guidelines. The Neufeld and Kuster (2018) paper shiosteithe
intensity of spikingneeds to be restricted, and #ilowable averaging timeseed to be
reduced for all milineterwaves. The Neufeld, Samaras and Kuster (2020) paper shows
thatallowable averaging times and areased to be reduced to cater f@arrow beams.
These papers provide methodsdefining paranetesthat could be used to create safety
guidelines regarding heating due to miléterwaves.
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The Neufeld and Kuster (2018) predictions weriéicized by Foster (2019) as being
unrealistic for existing technologies. However, radiation protection is not meant to focus
on whether a thnology can work effectively or not; it must instead focus on protecting
the public from exposures thabay eventuate from the anticipated use of such
technology, and the consequential possible effects thereof. This requires the inclusior
of precautionsri the setting of the safety limits for those exposure regions of the body
where longtermbiological effects may result in possible detrimental health outcomes.

Neufeld and Kuster (2018mphasedthe need to anticipate changes that might be
harmful for shorterm exposures:

However, we strongly believe, particularly in view of the longevity of standards
and rapid technological changes, thastandard should be intrinsically safe

and consistent, rather than relying on implicit assumptions about current and
future technological Il i mitationsé We
of the paranetes (averaging time and area, power and fluence limits, etc.) can
result in guidelines that are inherently consistent and that minimally impact
maximal use of the spectrum >6 GHaleufeld & Kuster, 2019, p 701)

In recent simulationgim and Nasim(2020) found that the use of a 5G cell phone at a
frequency of 28 GHz can exceed the international radio frequency exposure standard:
set by ICNIRP if thenobile phone is held at a distance closer than 8 cm to the head or
body. This means that a distance gretitan 8 cmfrom the head will be required to
meet the ICNIRP exposure limit. If the user is talking on a voice call with the phone to
the ear,there will be drect radiation to the head whichill exceed the exposure
standards

The abovenodellingstudies regalvery realkconcerns regardinigeating with millmeter

wave technologies, that have not been investigated fully nor addressed adequately in th
existingguidelines. Moreover, as described in secfidgh shortterm heating is not the

only concern. The general population is typically also exposed telmbradiation 24

7.

The new cellular technologies that use techniques suatiaagtive antenna arragsd
directional pattern formatiocreate complex electromagnetic fields that pose problems
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for modern radio frequency measurement methods. &fgwoaches for 5G standar
dosimetry are necessary, for example, due to the significantly inflated exposures that
can be created by new types of amplifying antennas for pree&sa formatiorbeing

used along with higher frequency bands.

At the very leastit is important to set the maximum local temperature incrimagbe

skin and sclera of the eyeAs the above discussion shows, ICNIRP only takes the
measurement of average valuegadiofrequency radiation into consideration. It has
been clearly demonstrated that using average values for radiation exposure can lead t
an underestimation of the risk of exposu@h#vdoula et al.2010. Moreover, the
analytical modelsdescribed above showed how the current spatial and temporal
averaging methods are not good proxies for how energy is deposited into the skin. Bette
methods foapproximating the heanergy depositehto the skinhave been provided:

in particular, for egosures in the nedield, relevant to mobile phone ugieufeld,
Carrasco, Murbacht. al., 2018; NeufeldndKuster, 2018)These methods need to be
included to inform future calculations of safety limits regarding heating due to 5G
radiofrequency exposes.

In concluding thissection orthe need to reevaluate heating effecte/e would liketo
draw attention to the view d®rofessor James C. Lin, théni€f Editor of the highly
prestigiousBioelectromagneticgournal. L i nviievs on MMW skin exposuresits in
contradstinction to the approach of the FCC

However, for exposures higher GHz frequencies (mittieterwaves andsG),

RF energy absorption tends to be more superficial and concentrated. Energy
deposition ould quickly occur in a smaller tissue ar®r masgo cau®intense
temperatureelevationwithin a very shortexposure time periodLin, 2019, p

89)
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Professor James Lin, Chief Editor of the
Bioelectromagnetics journal

The maintenance of outmoded standards

The Committee on Man anRadiation (COMAR) is a technical committee of the
Engineering in Medicine and Biology Society (EMBS) of the Institute of Electrical and
Electronics Engineers (IEEH}s primary function is to examine the biological effects
of wireless radiationin 2020,COMAR published atatementHealth and Stety Issues
Concerning Exposure of the General Public to Electromagnetic Energy from 5G
Wireless Communications Netwarlis statementontains four specific positions on
the possible health consequences of exposure to MMWs from 5G tech(@lsipperg

et al., 2020). However, the COMAR position is very controver$ié. consider it
necessary toeproducetheir Aoptimisticd position herepecause it contributed to the
development of the current standards, which were established in 1996:

First, unlike lower frequency fields, MMW do not penetrate beyond the outer

skin layers and thus do not expose inner tissues to MMW. Second, current
reseach indicates that overall levels of exposure to RF are unlikely to be
significantly altered by 5G, and exposure will continue to originate mostly from
the Auplinkod signals from onef6s own
levels in publicly accessiblspaces will remain well below exposure limits
established by international guideline and standard setting organizations,
including ICNIRP and IEEE. Finally, so long as exposures remain below
established guidelines, the research results to date do ngbosum
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determination that adverse health effects are associated with RF exposures,
including those from 5G systems. While it is acknowledged that the scientific
literature on MMW biological effect research is more limited than that for lower
frequencies, & also note that it is of mixed quality and stress that future
research should usgppropriate precautions to enhance validifigushberg et

al., 2020, p. 236)

In harmony with COMAR the new ICNIRP guidelines are based on the outdated
hypothesis thathe only critical effect of REEMF exposure relevant to human health
and safety ishatof tissueheating This is the same position tH&NIRP hasnaintained

for decades: that standards setting shémtds onpreventing theoverheating of body
tissue.

Furthermorethe new CNIRP guidelineswere established onfgr conditions of single
and shorterm exposure to MMWSs (6 to 30 minutes), without considering the important
role of the skin in maintaining a stable comfortable sfatethe human body. In au
opinion, the need to define a standdrdtincludes the critical organghe eye (sclera

of the eye) and the skinhas beerignored. Differences in the sensitivity of different
areas of the skin, as well as special features of the skin of childeemgtaconsidered.

It is of great concerhat the biological effects of chronic exposure to MMWs on the
skin have not been studi¢see sectiori.2.1below for a more detailed discussion of
these critical organs). MMW x@osureto a large area of the bodpgether with
simultaneous exposures to MF from 3G, 4G and 5G technologies have also not
been studied.

An opinion articleby Swedish scientistidardell and Nyberg (202&harply criticizel
the latest ICNIRRyuidelines (which were still in proposal format aatthime)and

| CNI RaRitide in ignoring bioeffecs, as well as its failure to adhere to the
precautionary principlen determininghe 2020 recomendations.

The anticipation of undesirable and detrimental health effeatsiimportanpart of the
radiation protection philosophyunderpinning the actions ofhe International
Commission on Radiological Protectiof€RP). Future planning using precautids
routinely adopted when setting risks for lgwse ionizing radiation. ICRP sets
guidelines in an ethical manner, with caution being at the forefront of their philosophy.
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In contrast, the ICNIRP adherence to accepiimgrttermheating as the only evidence
of harm and the rejection of the evidence fornonthermal bioeffects leadingp
pathology is misplacednd simply wrong.

The current position of ICNIRP, as established in their new guidelines, lea
to believe that we are far from the ultimate goal of agreeing on standarg
acceptable limits of MMW exposure for the public #relenvironment.

If we are uncertain on the health effects or stochastic risks associated with
low-level exposures, we must err on the side of caution. This is why Rus
set a prudent limit which is 100 times lower than ICNIRP.

In spite ofthe manyshortcanings, many countries have updated their own standards to
align with the newmore liberal CNIRP guidelinesHoweverthe main outcome of the
recentUS (FCC)review hasbeen tomaintan ther original ICNIRRbasedyuidelines,
merely extendinghem to millmeterwaves.

Starting in 2016, the FCC had initially planned to adopt rules that would include the
consideration of the use of wireless broadband operations above 24 GHz. By the end o
2019, new guidelines weemnouncedhat, according to the FCC, would protect people
from RFEMFand 5G radiation (FCC ARadi o F
standards were adopted under pressure from the U.S. ClemtrBevices and
Radiological Health (CDRH) and its parent organization, the U.S. Food and Drug
Administration (FDA). The FCC simply +affirmed the previous limits of exposure to
radiofrequency radiatiorFurthermore the FCC considered it valid to extend the old
RFEMF exposure standard to include all frequencies up to 100 GéizMMWSs and

5G technologies).

In this regard, for mobile phorelated exposures, thdS FCC standards ha
maintained the previous limits such thatthe amountof electromagnetic energy
deposition that may occur to local areas of body tissue is 1.6 WHiig, 0.08 W/kg is
allowed for wholebody irradiation.(Note that the FCC averages SAR over 1g rather
than 10g of tissue, so it is more conservative than theUCNIRP standaryl.
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Overall the outcome of the recent US FCC review process has been to change nothing
even though it had been 22 years since the regulations were last updated. Both the natu
and magnitude of public exposure conditions have changed enormously in this time.
Furthemore, twomoredecades of scientific papers showing risks of haawve had no
impact on the FCC guidelines.

Questions raised regarding these decisions havedw@owledgedy ICNIRP Vice

Chair Eric Van Rongen, who believes that the new FCC guidelines, which took seven
years to devel op, are more appropriate
include the higher frequencies used for 5G services.

We know parts of the community are concerned about the safety of 5G and we
hope the updated guidelines will help put people at ease. The guidelines have
been developed after a thorough review of all valg scientific literature,
scientific workshops and an extensive public consultation process. They provide
protection against all scientifically substantiated adverse health effects due to
EMF exposure in the 100 kHz to 300 GHz rarf@NIRP media releas 2020

Supporters of stricter recommendations on radio frequencies from the United States
were theAmerican Academy of Pediatricthe American Academy of Environmental
Medicing and theCalifornia Brain Tumor Asociaibn. Many forums in other countries

and in the European Union (EU), as well as our country, Russia, have also supportec
stricter guidelines for many years (Grigoriev, 2001, 2006, 2014, 2018).

On September2, 2020, the Health Councibf the Netherland sCommittee on
Electromagnetic Field€EMV) published aropinion statementG and health(2020).

The Committee consided that fithere has been little research on thezard of
frequencies around 26 GHz and does not recommend using this frequency band until th
potential health risks have been investigatéal their opinion, it cannot bignoredthat

the incidence of cancer, reduced male fertility, poor pregnancy meg@nd birth
defects may be associated with exposure t€ERF-. At the same time, they indicated

that the relationship between FEMF exposure and these diseases is not proven.

Further, theDutchCommittee recommedi that the latest ICNIRP guidelines bsed
as the basis fazxposure policyn the Netherlands. However, the Committeeletae
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following recommendationdiSince it cannot be excluded that exposure to MMW in
accordance with the latest ICNIRP guideline may also affect health, the Committee
recoommends that caution be exercised and that exposure be kept at a reasonabl
achievable low leveb.

The above excerpts from tBeitchHealth Council Committes statement clearly show

the Committe& dilemma. On the one hand, the Committeged that it agreed with

the views of ICNIRP, but on the other hand, it recoghthat itdid not have sufficient
evidence to exclude possible consequences. From our point of view, the divergence o
opinions in theDutch Committee on Electromagnetic Fieldencerningthe possible

health effectof EMF andsaferadiation protection standards does not contribute to a
real solution to the problems of electromagnetic safety or protection for the general
public.

It should be noted that Van Ronges o aboveiegarding he FCC guidelinewas

in contradicion tothe conclusion of the Dutch Committeetheir published opinion
statementthat not enough research has been duome possible health effects exist
Furthermore,am bser ver from the Dutch company
part of the Ministry of Economic Affairs and Climate) was present during the
preparation of t he .Ohig situatiorCazoumnfreguerlpad s o
representative of telecommuat@on companies ar@volved in discussions related to

the assessment of FEMF health effects fohumars (Grigoriev, 2006).

Similarly, the ICNIRP position cabe explained by the make of memberswho are
ardent supporters of timetionof complete sfety of RFEMF exposure to human health.
ICNIRP has promoted this position for many yeat€NIRP is a norgovernmental
organization (NGO) based in Germathat receives support from various national
ministries and international agencidsnumber of théCNIRP scientists responsible for
setting radiation protection limitsappear to have a financial interest the
telecommunications industry.

ICNIRP members persist in arguing that the thousands ofrpeiewedstudiesthat
have found biological or medical consequences from chronic exposure-themoral
EMF levels (Leach & Weller, 2016)are insufficient to warrant stricter safety
regulations.
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The Vice Chair of the Commissioiric Van Rongen, published his opiniam the
Bioelectromagnetics Journal in 2004 theassuredsafety of exposure to cellular RF

EMF for children (Van Rongen, 2004). Professor Griggrievthe same journal
criticizedVan Rongeh s  p foview, hotingthat t contr adicted ¢t}
on childrerés vulnerability to environmental factors (Grigoriev, 2004).

Professor Grigoriehiad been in contact with Van Rongen many timnis example,

when working for the International Electrotechnical CommissidqiEC) and the
Advisory Committee of th&VHO6 s | nt er nat i.dloneVer, dEdvhipts tB r o |
defend the point of view of scientists in Russia and other cesraitbout the higher
radiosensitivity of children to REMF have beeismissed.

On October6, 2020,Dr Dariusz Leszczynskia welkknown expert in the field of
radiation safety and an internationally recagdiexpert on the impact of EMF on public
healt, composedan open letterto the ICNIRP managemenposinga significant
guestiorthat can b@araphraseds On what scientific basis can you continue to support

a guideline that has essentially remained unchanged since 1996 and apply thes
guidelines to the introduction of 5G in wireless technofo@lyeszczynsk 2020) Dr
Leszczynski expresddnis concern that the ICNIRP 2020 guidelicésm toensurehe

health and safety of any user exposed teERF-, regardless of age or health statrs,
whether the exposure is acutlronic,or whetherit lasts a lifetine.

In the letter, Leszczynski questioned the ICNIRP assurances, asking:

6 on what basisanICNIRP guarantee that every user is fully protected when there
is not enough research on agad healtkstatus dependency for exposure tc RF
EMFs;

6 how canICNIRP guarantee that the reduction factors included in the guidelines
are correct when there are no such experimental studies and the safety provided b
the guidelines is purely an assumption; and
how cana user who starts using a mobile phone at the young &fyee ar six
years, and will continue to use it for the next 80+ years, notwithstanding years of
various health conditions caused by disease and aging, be sure of complete safet
in the absence of research, based only on assurances that in turn are teged pu
onassumptions?

Ov
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Leszczynski adds that fAThere are quest.:
used to justify safety guidelines for t

Dr Dariusz Leszczynski, PhD,
Adjunct Associate Professor of
Biochemistry, University of Helsinki

In spite of the above questions surrounding ICN#RBuUrances, thaurrent situation is

that of active avoidance of the necessary discussions oftdangbioeffects and how

this translates into health effects in tieneral population. This is a delay tactic that has
been used by industry effectively for the last 25 years. It is part of a strategy by the
telecommunications industry and other large financial structures that are focused on
protecting profits.

In 2019, agroup of investigative journalists from the Edamined the risks of 5G
deploymeih and the adequacy of the ICNIRP safety guideli(es they were then
proposell (Investigate Europe, 2019). Twertiyo articles were published in major
newspapers and magazines in eigtintries: France, Germany, Italy, the Netherlands,
Norway, Poland, Portugal and the United Kingdom. This investigétioned the 5G
deploymenti The 5@ xmass ment 0 aHrCGNIRPis afcdrtebdfe d t
scientistawith links to industry who arectively influencingthe safety guidelines. The
journalists identified a group df4 scientists who helped to creaa@d upholdthe
guidelines of ICNIRP.

ICNIRP-industryties havealsobeenthe subject of aportcommissioned, coordinated
and published by twanembers of th&european ParliamenMichéle Rivasi(Europe
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Ecologie) andKlaus BuchneXOkologischDemokratische Parteiand financed by the
Green#EfA groupin the European Parliament.

Assessing the health risk for the population

To understand the interaction of MMWs with thedy, we need to look, without
presumptions, at the evident¢e particular we must examine the biological functioning

of the skin and the eyes, since these exposed and critical organs have a vital role to pla
in human health and wellbeing. Only then, wi# tve able to set appropriately protective
exposure standards.

The assumption that has informed the current exposure standards is that the only
biological action of MMWs on the body is absorption by the skin and sclera to a depth
of 2mm. Such a small depth of penetration may seem insignificant according atithe
simplistic photonic model of wave propagatidfhowever,there is a complexity of
biological interactions thatre occurring within the skin layers and deeper into the.body
To illustratethat such processes are possille can considevisible light, whichis
anotherform of nonionizing radiation NIR] with a shorter wavelength and even less
penetration into the skin laygthan MMWSs.Visible light is involved in a myriad of
physiological processes, and is veanportant to human healtht.is thus plausible that
MMWs are similarly biologically activeThe true complexity of the interactions
between MMWs and skin and scleran only be understood by better understanding
their components and processes, whichrewwed inthe sections below.

The skin and the eyes (sclerascritical organs

Skin

The skin is an integrated sensory systentingcasa completerecepive field and a
biologically complex functional system |t pl ays a r o-leqlatihgn t
mechanisms and can be described as part of A Biedback o6intell
monitoling the external erivonment to ensure the comfortable state and optimal
functioning ofthe human bodyWe knowthat the structural components and tissue
featuresof the skininteractin a coordinatednannerdirectly or indirectly, and form an
integrated system that percesvexternal environmental influences.
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The skin is the largest organ of the body by area. The area of the skin in an adult reache
1.52.3m? The skinis rich in nerves anuery sensitive It connecs to thebrain and
central nervous system (CNSnd blood vessels which in turrare critically
interconnectedvith the other organef the body(see Figure 2)

Venteroposterior nucleus in the
thalamus

‘entral spinothalamic tract

Nerve fiber Dorsal spinal ganglion

from the tactile |
receptors of the skin

Figure 2: Sensory path of information from skin receptors to the brain

Receptors from the skin carapundantnnervationassociated with both tleentraland
autonomic nervous systermhe autonomic nervous system (ANS), is a division of the
peripheral nervous system thargcessmooth muscle and glands, and thus influences
the function éinternal organs.

The skin plays a role in the regulationimimunity and wounchealing The surface of

the skin is a natural environment for thousands of different microbial species. The skin
responds tandprotects againghechanical and chemical factptdtraviolet radiation,

and the penetration of microbes and viruses into the Rdgsterman, Schneider,

27


https://journals.physiology.org/doi/full/10.1152/physrev.00026.2005
https://journals.physiology.org/doi/full/10.1152/physrev.00026.2005

Bunnett, et al, 2005)This is important, since extreme effects on the skin can have
catastrophic consequences.

The skin performs endocrine functions, and produces vitamin D when exposed to
sunlight. In addition, it ismportant for thermoregulation asdnumber of other bodily
functions.As a part of the bodys excr et ory system, the s
body and eliminates the waste produced by homeostasis.

Receptors in the human skin

sweat r

Hair ptor pore touch

P

pain heat cold

sebaceous gland epidermis (dead cells

touch receptor

hair follicle
dermis
(living cell)

sweat gland

to the head office*

Figure 3: Receptors in the skin

Human skin consists of two main layers: the outer epidermis and the dersti®wn

in Figure 3 The thickness of the human epidermis and dermis varies between 0.06
0.1mm and 1.22.8 mm, respectively. Thetratum corneunthe uppemost horny layer

of the epidermis) has a low water content-4086), and the total water concentration in
the rest of the epidermis and dermis is8096.

Since the MMW energy is very rapidly attenuated (absorbed) in tissue contalmtg a
water content this leads to correspondingly high absorption coefficients of MMW
electromagnetic energy ihd deepeirayers of skirtissue.If the water content of skin
tissue is taken to be the major factor determining energy absorption, then it can be
expected thahe energy of millineterwaves easily penetrates the stratum corneum, but

it is then quickly absorbed by the deeper layers of the epidermis and dermis and thus
does not penetrate further into the body.

Until now, somescientists havéocusedsoldy on thethermoregulatory rolef the skin
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when assessing thgotential health riskef interaction betweeRF radiation and the
humanbody. These scientistparticularly those with an industrial sciences orientation
or more mechanistic backgrourtdnd to consider thekin simplisticallyas though it
were an inerabsorbentayer of sponge filled with water.

There are models of the skin that focus on stinataspects other than the water content

of skin tissue, and thefore make different predictions. For example, Feldman and his
colleagues have shown that the higher MMW frequencies are more efficiently absorbed
from the air due to the electromagnetic retaderistics of human sweat du¢Betzalel

Ben, Ishai and Feldmar2018. First, increasedconductivity occurs due to charged
hydrogen ions (H+)noving along a chain diydrogen rich water moleculeat the
surface edges of the sweat dudihis movement of hydrogeons create a current
leadng to muchhigher levels of conductivity in the dudBeldman, Puzenko, Ishai, et

a, 2008) Furthermore, these highly conductive sweat ducts are shapedirabk
antennaswith dimensions that maximally respond to MMWsthe subTHz range
(Hayut Puzenko, Ishaigt al, 2012) The gain due to thiantenna effecteads to
concerning SAR leels of 2.2 W/kg at the higher 5G frequenciBst¢alel Ben, Ishai

and Feldman, 20)8These authors have cautioned that such higher absorption of energy
in the sveat ducts may lead tinforeseemortthermal biological effects during the 5G
rollout.

It is currently difficult to predict what kind of effects MMWsamhaveon the course of
many skin diseases (e.g. eczema, psoriasis, abscessasihe developmentf cumor
processes (e.g. melanoma, basal cell carcinoma, squamous cell carcinoma).

The abundant innervation from the skin to other parts of the body make the skin
important tothe reflexogenic zonesor Biologically Active Points (BAPs). Thesae
areasf the bodywhich, when stimulad, cause a definite unconditioned reflexive
responseThere are a variety of receptor zones in the skin, for which any regelfignt
reactions of the bodyom MMW exposures remain unknown.

MMW radiation is likely to affect nerve cells and other structures in the upper dermis.
The sweat glands will aldoe exposed to radiation. It is possible that when exposed to
MMW radiation the sensitivity of the skin to ultraviolet radiation may change.
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The skin is also constantly affected by various environmental fadiepsnding on the
periods of exposurevhichcan change the normal physiological paetes of the skin.
In addition,overdifferent parts of the bodyhe skinwill have its own characteristics
and functional significance.

The structure and sensitivity of the skin changes significantly with age, so that the
radiosensitivity of the skin of a child will differ significantly to that of an adult.
Childrerts developing bodies are generattpre vulnerabléo physical environmental
factors Healthy environments for children: WHO backgrounder N°3, April 2003
Therefore, special attention should be paid to the &kyoung peoplevhen assessing

the danger of MMWs.

Thus, we must consider the critical role and functions of the skin as described above
when assessing the potential consequences of MMW exposures. With its large surfac
area, the skin is aulnerable intrfacewith the environment. Thus, the skin is an
important critical organ when considering a continuous lifetime exposure to MMWs for
the population.

An analysis of the physiological effects of MMWSs on the skin was preserdage\iew
by Leszczynski (202Qwho concluded
the scientific evidence concerning the possible effects ohmidr
waves on humans is insufficient to devise scibasedexposure
limits and to develop sciendmsed human health policies. The
sufficient research has not been done and, therefore, precautionary
measures should be considered for the deployment of the 5G, before
the sufficient number of quality research studigéisbe executed and
health risk, or lack of it, scientifically established.

A major obstacle in monitoring or studying the potential effects of MMW exposures to
the skin is the difficulty in measuring the waves as they penetrate theT$kinis
becausthere is a lack of instrumentation suitable and available for this purpose.

Many factors other than power density are relevant to determining the effects on skin.
These include intensity, frequency, duration of exposure, polarization, pulsation, and
moddation - all key paranetes affecting the biological activity of EMF (Grigoriev,
1996; Grigoriev, 2017). Data has previously been obtained on the existenezatiédo
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millimeter wa v e Awi ndows o, showing that var
biologically active (Devyatkov, Betsky & Golant, 1986; Eidy, 1980). However, the
differing impacts of these factors were not taken into account in the new ICNIRP
guidelines. Thus, existing ICNIRP recommendations still only protect people from the
heat created by acuEMF exposures.

Is clothing protective of skin?

It is important to assess the effect of clothing and clothing materials on the absorption
of MMW radiationbecaus¢hese materials cgotentiallychange the effesbf MMWs

on the skin. Clothingnay act as prsonal protection. In this regard, Gandhi and Riazi
(1986) obtained data on the MMW absorption coefficient for the human body with and
without clothing.Their results showed thaetween90 and95 percentof the incident
energy can be absorbed by the skinen wearingdry clothing, with or without an
intermediate air ggp.e. dry clothing absorbs only-50% of the incident radiation.
Furthermore, dry clothing acts as an impedamedching transformer, thereby
increasing the transfer of tkéctromagnetic energy to the skin

Bjarnasoret al.(2004) measured attenuation in eight common clothing materials (wool,
linen, leatherdenim, silk,etc.) with a thickness of less than 2.2 mm in the frequency
range from 100 GHz to 1.2 THZ-or all measured frequencies below 350 GHz, none

of the clothing materials investigated reduced the signal power levels by more than a
half (3 dB). Similarly, Gatesmaret al. (2006) measured attenuation of parallel and
perpendicular polased frequencies above 350 Gidzsix different clothing materials
(cotton shirt, denim, dgery, leather, sweater, and sweatshirt) with a thickness of less
than 2.1 mm. Again, the materials did not weaken the transmitted power by more than
3 dB.The attenuation caused bthertypes of clothing still needs to be evaluated.

These results shovhat the attenuation of mifieterwaves in most clothing materials
is insignificant.In fact, dothing in direct contact with the skin can facilitéite transfer

of electromagnetic energy to thedy. It is important to assess the risk and not rely on
unabstantiated evidence that dry clothing completely absorbsmatiirwaves and
therefore only a small area ohexposedkin will be affected by the radiatiorThis
needs to be confirmed experimentally. Naturally, the largesitte of the irradiated
skin, thegreater thesignificance for assessing the danger to the body.
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Scleraof the eye

When assessing the risk of MMW exposure to a critical orgaméidessary to consider

the particular features of that particular orgBar the eye, it is relevant that there is a
lack of optimal physiological mechanisms for removing excessive heat under conditions
of overheatingUsually, blood flow removes heat, but the centre of the eye is devoid of
blood flow. Thus the eye becomesgicularly vulnerable when exposed to MMWs.

The scleraof the eye (see Figure 4) is the opaque outer shéllwrh iof thee éyeball

The scleraoversthe largest area of the eye; it has a dense composition which varies in
different areas.The thickness of the sclera ranges from 0.3 to 1 mm. In children it is
very thin, but itthickensovertime.

The sclerahas three layerghe episclera(outer layer), the sclera proper (or scleral
stroma), and thé&amina fuscgor inner layer). The episclera has a good blood supply,
with both a deep and superficiascular network. Theachest blood supply occurs in
the anterior(front) parts, because the vess&lachthe anterior part of the ey@ the
straight oculomotor muscles.

Sclera

Retina

Choroid

Figure 4: Sclera of the eg

The sclera itself consists of collagen fibers, the space between which is occupied by
fibrocytesthat produce collageihelamina fuscaconsists of thinned sclerébérs and
elastic tissue. On the surface of the fibers are pigimamtaining cells called
chromatophoresThese cells give the inner surface of the sclera a brown hue.
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The body of the sclera contains several channels which conductthetvessels and
nerves that enter and leave the &yee anterior edgef the inner side of the sclera has

a groove measuring 0.8 mm. Thiary bodyis attached to the posterior edge of the
groove, and its anterior edge is adjsc® theDescemet membran&he main part of

the groove is occupied by thieabecularmeshwork above which isth& c h |l e mmo
canal Due to the fact that the sclera of the eyenede up ofconnective tissue, it is
subject to the development of pathological processes ¢hat o1 systemic diseases of
the connective tissuedllagenosis

Since the 1950 the eye has been deemed to be a potentially radiosensitive organ, due
to scattered reports such as cataracts developing in a radar worker (Cook, Stenec}
Vander, & Kane, 1980).Unfortunately,over half a century latethere are still only
isolated studies of the effect of MMWs on the sclera of the eyes. Moreossstihdies

were performed with sheterm single irradiations only, at thermal levels of EMF
intensity (Rosenthal et al., 1977; Kojima et al., 2009; Qhaif al., 2000). The results

of these studieare not sufficiently reflective akatlife conditions taaccurately assess

the risk for MMW exposures to the sclera.

Ghandi and Riaz4{1986)estimatel a power absorptiofor the human eyef around 15

to 25 mWwhen theincident power densitis 10 mW/cnt. Thisis theamount of local
exposure allowable by tfeurrentiICNIRP guidelinesfor workers; i.e., 100 W/ This
level of powerabsorptionhad beershown to causepithdial and stromalnjuriesin
rabbits éyes, afteone hour of exposure to MMWRosenthal, 1977Whiletherabbits
recoveredafter theshorttermexposuresthese results suggest that the long term MMW
exposures to which workers are subjmety create darage tother eyes.

We have not found any research publicatimvestigatinghe adverse effects
MMWs on the sclera of the eye, either in Russia or overseas.

The potential impacts fopublic health from a lifelong exposure to MMWs on the skin
and sclera of the eyesmainaunclear.The current standard® not suffciently consider

the vulnerability of the skin and the eyes to MMW exposures, or their critical importance
to human healthThe research base that is needed to justifiably derive and set such
standards does not yet exi§here are no agreed methodological approaches, and no
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relevant experiments have been conducted. Methods to incorporate the bioeffect of
MMWs on thesclera ad cornea of the eye remain out of reach.

The problem of integrating the skin and eyes as new critical organs in the consideration
of possible health effects of MMWs has therefore not been resolved.

It is our opinion that, because of the peculiaritgggcific to the absorption o
MMWs, it is essential to define the skin and the eye as critical funct
systems of the human body for MMW exposures.
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Potential influences of MMWs on public health

The currentG ICNIRP guidelineare problematic in that theynly look at some acute
thermal exposure effects on the heating of the body. However, members of the public
are also exposed tonthermal effectover a lifetime.

As noted above, there are no studres tonsider the chronic effects of MMWSs on the
skin and cornea of the ey€onsequently, we canngét assess the human health risks

to these organs from a lifelong exposure to MMWs on the basis of objective data.
However, we can consider the results dé from previously published works
investigatingshortterm effects of MMW exposures.

The number of publications around the world on ibésiehave increasesignificantly
since 1996, when a specialized session of the Bioelectromagbetiesy(BEMS) was
held on the subject of MMWs. Th&cond World Congresor Electricity and
Magnetism in Biology and Medicindedicated to MMWSs, was held Bologna, Italy,
in 1997.In 1998 arEMF Science Review Symposiwass held in San Antonio, Texas.
One of the athors of this book had the opportunity to participate in this workshop.

The sections below give an overview of the main effects of MMW on biological systems
and healthfrom the perspective of Russian reseaktthile Russia is known for its
innovative therapeutic uses of MMWmany otheeffectshave also been uncovered by
Russian scientists. leadingdadeeper understanding of the interaction of MMWs with
human systems, as well as greater concerns for pulslithhe

Therapeutic uses of MMWs

MMWs were first used in clinical practicénfillimeterwave therapy of low intensidy

in the 196680sin the USSR (as Russia was then knawiihis therapy application was
based on the principle oésonant actionf MMWs. Shortterm and local irradiations
were used (Devyatkov, Golant & Betsik991). Betsky made a great contribution to the
medicalapplicationof this biologicaleffect.
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Positive therapeutic effects were obtained from steorh exposures to MMWs
(Betsky, Kislov& Lebedeva, 2004; BetgkKotovskaya& Lebedeva, 2009). However,
there were also side effedtem MMW exposures including fatigue, drowsiness, and
abnormal sensations (apparently caused by pressure or damage to peripheral nerves
Some somatic bioeffects under the influence of MMWSs were ifbestmore than
twenty years ago (Lebedeva, 1998). Unfortunately, the publication did not spewify
muchof the skin was exposed (the area), noddleationof the exposed skin itself.

Numerousn vitro, in vivoandtheoreticaktudies have been conducted on the biological
effects of MMWs, relatedo their extensive use in clinical practiaesing shorterm
irradiatiors. Thesestudies took placén several major institutes and universities
Russia e.g.the Institute of Cell Biophysics of thRAS, the V. I. Vernadskyraurida
National University, and the Moscow State University

These studies consideremt only the effects of different conditions of shoterm
exposure to MMWsbut were also tasked witimding optimal modes for therapeutic
use in medicineThe authors of ils book are sceptical of the reliability of some of these
studies which appear to have found optimal regimens for clinical practieach case

it seems that the authors may have had anori approach (or predilection) towards
achieving positive finthgs. Similar experimental studies were conducted for other
applications.
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Effects of MMWs on biological systems

Pakhomov et al., (1998eviewed the findings ofthe most significant publications
concerning the effect of MMWs on cultured cells, isolated animal organs, and the human
body. The studies that were reviewed demonstrated the sdfieshortterm exposure

to MMWs as follows Low-intensity MMW exposures (<10 mW/cn?) resulted in
effects on cell growth and proliferation, enzyme activity, the state of ttés gelhetic
apparatus, the function of excitable membranes, peripheral receptors, and othel
biological systems. In animals and humastsprtterm but local exposure to MMWs
stimulated tissue repair and regeneration, eased stress reactions, and led t
demyelination of nerve cell®ékhomov et al., 1993

At the reception of Academician Leoniéindrey llyin From left to right: Andrey
Pakhomov, Vladimir Stepanov, Yuri Grigoriev, Migel Murphy, Leonid llyin

Simko and Mattssoif2019) analyzed 94 publicatiorisat focused orthe effect of
MMWs in vivoandin vitro in acute exposure experiments. This review looked mainly
atstudies conducted in the frequency range from 30.1 to 65 GHz. Eaglcensgidered
factors such afsequency, duration of exposure, power density and other radiobiological
criteria for evaluating bioeffect©f the in vivo experiments85% percenshowed a
response to exposumhile 58% of thein vitro studiesshowed aesponseHowever,

there was no marked relationship between the outcomes and the power density, th
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duration, or frequency of the MMW exposures. Accordmghe authors, the analyzed
studies do not provide adequate information for a meaningful assessment of the safety
of MMW radiation exposures.

In the late 19709)ardalhon et al. (1979, 1981) had concluded that there was an absence
of mutagenieffects from MMW radiationHowever a humber of studies have shown
that MMWs can affect the structure and function of the chromogeementions of

DNA in sections 2.1.1, 2.2 and 2.2.4)

Effects of MMWs on cells and micreorganisms

According toseveralauthors, a large number of cellular studies show that MMWSs can
change the structural and functional propertiesetifmembranes, affecting the plasma
membrane either by changing the activity of the ion channels or by modifying the
phospholipid bilayerThese are accompanied by a change in the ionic condudiivity
cell membranes and a rapid degeneration of ion channels causing leakage or blockage
Zhadobov et al. (2006) suggested that exposure to thenetilrwave band at 60 GHz

at levels close to typical wireless communication systems (0.&cmicould causan
increase in lateral pressure in artificial membraB&periments by RamundOrlando,
Galleranoand Stano(2007), Ramund®rlando, Longo et al. (2009) and Ramundo
Orlando (2010) focused on the impact of Havel MMW exposure on cell membranes
(<10 mWENP).

These works also show hdMMWs can alter the intracellular activity of calcius a
consequenceMMWSs also alter some cellular and molecular processes that are
themselves controlled by €alynamics. The effect of MMW radiatia@nion transport

could either be a consequence of direct effects on membrane proteins, and/or the
organization of the phospholipid domailfater molecules appear to play an important
role in these biological effects of MMW radiation.

The aboveauthorsconcludedthat the detailed cellular and molecular mechanisms
mediating physiological responses to MMW exposure remain largely unknown.

These experimental studies demonsttiaé cell membranes ahgghly sensitiveto low-
intensity MMW irradiation and that no#thermal dosescan induce structural
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rearrangements in membranes. There is thus reason to believe that biological
membranes are uniquely sensitsive fidet e«

Some studies have found that lavensity MMWs inhibitcell cycle progressior(Le
Drean et al., 2013

At a special workshop of the BEMS symposium in 2017, Markaseld on his own
biophysical experiments on the effect of MMWSs, drew attention to the following
featuref the mechanissof biological action:
1. the shallowpenetration of MMWs into biological tissues causes preferential
irradiation effects in the skin;
2. the effects of the double electric layer surrounding individual cells
(transmembrane potentjal
3. effects of charge distoution on the cell membrane;
4. changes irmembrane permeabilitand
5. the effect of MMWs on lipiebrotein interactiong the cell membrane

Dr Marko S. Markov, a Bulgarian scientist in
the field of radiobiology and EMF therapy, ha:
worked in the USA for 30 years

Research on the biological effects of militerwaves should continue at the
level of government organizations in order to find potential dangers of 5G
technology(Markov, 2018 2019.

Long term MMW exposures havedn shown to effecttmnges in the iel of enzymes
and proteins in th@ippocampus, and doubtrand DNA breaks. These effects were
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found by (Kesari & Behari, 2009vhenmale Wistarats were irradiated with 50 GHz
for 2 hourgperday overd5 days aBAR levels of 0.8 W/kg

MMWs have been shown to effect reproductiBrperimental studies were carried out
using the classicainodel of drosophila It was shownthat MMW radiation (at a
frequencyof 37.5 GHz, with a sufficiently high radiation power of 250 mW) applied to
virgin females ofDrosophila melanogastév i negar f |l i es, al so
led to an increase in the yield wialeimagos (adultflies) being produced from mature
femalegametegeggs] Therewas also aesulintincrease in the death of individuals at
the pupal stage. This effect depended on the genotype (Gorenskaya et al., 2017).

In summarythe results of MMW experimental studies on various microorganisms and
cell cultures clearly indicate many definite biok effects on cells and cell
membranesWhen cells are irradiated with MMWSs, both functional and structural
changes are observed. Membraneslmimstrumentain the effective perception and
further manifestation of MMW action on cellular functional rhas. For example,
membrane permeability variations can changgchondrialfunctioning andenergy
productionin the cell, which over a longeriod of time leads to disease

Mechanisms underlying the effects of MMWs

A number of theoretical models haveen proposed to explain the features and main

mechanisms of the biological action of MMWs (Frohlich, 1980; Golant, 1989). Radio

physical principles of the effect of extremely high frequency EMF on living organisms
in the interests of medicine were reviewsdRaevsky in 1997.

Since 1992, Belyaev et dlasconducted a large series of studies to assess the risk of
MMW exposuresand alsdo investigatehe mechanism dfiIMW action at the cellular

level (Belyaev 1992, 1993, 1994, 1996, 2000). Bioeffierctdtro, the effect on the state

of the genome, and the effect of MMWs on chromatin conformation in rat thymocytes
(an immunecell present in the thymuavere examined Datawas obtained on the
dependence of EMihduced changes in the conformationEfcoli chromatin on a
number of genetic, physiological and physical features of the studied culture. Belyaev
alsospeaks ofresonant effectdiany paperdy Belyaev observed a strong dependence

of the MMW effects on frequency and polarization at-tliermal power densities.
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Professor Igor Belyaev is Head of th
Department of Radiobialgy at the Cancet
Research Institute, Biomedical Researc
Center, Bratislava, Slovakia. Since 1986, |
has studied the biological and health effects
radiofrequency radiation including millimeter
waves, with a focus on the mechanisms of Ac
thermal effects, genotoxicity and cancer.

Effects of MMWs on the nervousand sensorysystens

A number of acut@xposureanimal experiments have demonstrated high sensitivity of
various elements of the nervous system to MNiveldiation (Akoev et al., 1991;
Sazonov et al., 1995; SaulgaKihai, 2003).

MMWs have been shown to affect skin sensitivity. Enin et al. (1991) fthattEMR
frequencies of 55.61 and 73 GHz reduce the tactile sensitivity of the skin of rats.
Gerashchenket al.(1991, 1997) investigated the dependence oabis®lute threshold

of skin sensitivityby applyingthe frequency of microwave radiation that can cause
increased skin sensitivity. This external stimulus led to a higherdéwithl activity.

Sazonov (1998) investigated the possible effect of MMWs on the peripheral nerve
structures of laboratory animals (at-3% GHz,nonthermal intensity <10 mW/cfh

This experimenindicatedthat MMWs can be perceived by biological receptors, which

by their modality are not intended for the perception of this physical factor. MMW
exposures can have an impact on the nervous structures not only directly, but alsc
through the surrounding tissue. Thésa significantleparturef r om t he wusua
e f f e diésdhaténvestigatllMW biological impacts.

MMWs have been shown to affect the responsiveness of both the peripheral and centre
nervous systems.Research by Alekseest al. (2010) showed that MMWs with a
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frequency of 42.25 GHz changed thiectrical activity of the mouse calf nerve. The
threshold of intensity at which there is an increase in spontaneous impulse activity of
the calf muscle is quite highat 160 mW /cn.

Experimental studies conducted on isolated nerve preparations (sqojdrag sciatic
nerve, etc.) demonstrated the polssieffectsto peripheral elements of the nervous
system wherdirectly exposed to MMW¢§Akoev et al., 1991; Sazonov, 1995). In the
research of Voropaev et al. (2004) changes were found in the amplittice BEG
alpha rhythm, depending on the frequency of the MMW exposure.

Alekseev et al. (1987pvestigatedhe effect of MMWs (61.22 and 75.0 GHz) on the
spontaneous electrical activity pdicemaker neurornis the MolluscLymnaea stagnalis
The development of a dynamic reaction of inhibition of electricaViactof neurons
was shown. The effects of microwaves were found not onlthe terminal nerve
endings, but alsim nerve fibers.

Popov et al(2001)concludedthat MMWs are perceived by mast cells. According to
Alekseev et al(2010), the changes detected in the electrical characteristcsenfe

when exposed to MMWSs may be a consequence of the action of mediators release
during thedegranulatiorof mast cells that are located around the nerve endings. These
mediators reach the nerve receptors and excite them. Histamine release during mast ce
degranulation may cause changestie myogenic mechanismsf microcirculation
vessels (Tribrat & Chuyan, 2010; Chuyan et al., 2011). Thus, substances released fron
mast cells can havelecal effect as well as affecting other functions of the body.

The response of the nervous system to MMWSs can also be assessed by studying chang
in mammaliarbehavioal responses. For example, it was shown thatmelierwaves
are able to modify the cdlitioned reflex activity of rats (Kamova, 1989).

There are a number of studies indicating that complex mediated systemic reactions o
body functions occur when skin is irradiated with MMWs. In the arfisledern ideas
about the mechanisms of physialej action of millmeterwaves (literature review)
Temuryants et al. (2012) proposed four stages of classical events that lead to the body
response to thgtimulusof MMWs on the skin:

1. Primary reception;
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2. Signal transmission to the central nervous eys{CNS);
3. Analysis of the received CNS information; and
4. Proportionalsystemic response.

Experiments have shown that the neuroendocrine system of aremfdlsts great
sensitivity to MMWs. In the first plagédor the hypothalamus and pituitary gland, only
small exposures are required taccitla reactionSmorodchenko, 1998). Additionally,
studies showedan increase in cortisol levels and testosterone in the blood, with a
corresponding aptationof thyroid hormores (Adaskevich, 1995; Lisenkova et al.,
1995). For the medulla oblongatathere are modifiedlevels of the monoamine
component of the immune orgatise ttymus and spleersfnorodchenko, 1998).

A study ofchanges irpain sensitivityafter MMW skin irradiation was conducted by
Radzievsky et al. (1999)nderdoubleblind experimental conditiond'he skin in the
lower third of the sternum was exposed4t25 GHzMMWSs at 25 mW/a? for 30
minutes, or it was subjected shamexposure from a neworking MMW transmitter.
The volunteersthen madescaledjudgementshat indicated theipain sensitivity and
tolerancdo having their hand placed in &y-cold bath Responseafter realexposure
were comparedith shamexposuresOverall, MMW exposure increased pain tolerance
by 37.7%.These results suggeshort term exposures tIMWSs can change the
responsiveness of the nervous systeipaiaful stimuli.

In 2011, Chuyan, Tribrat and Ananchenko reported tiairtfluence of MMWs on the
maintenanc®f a healthy psychophysiological state depsam such factors as the age
of the subjects and the properties of the nervous systgrarticular, the strength of the
nervous processes, the predominance of a sympathetic or parasympatheitc link
vegetatve nervous systems, temperament, and interhemispheric asymmetry.

The interested reader caibtainfurther information on the effects of MMWSs on the
nervous and sensory systeinsother research publicationke( Drean et al., 2013
Frohlich, 1980 Gandhi,Lazzi & Fure 1996 Postow& Swicord, 1986 Temuryants et

al., 2012Torgomyan &Trchounian2013 Foster et al., 201&imko& Mattsson, 2019

Wu et al.,, 201p However, the results described in these reviews have not been
replicated in indepadent laboratories, so they cannot be considered as established
biological effects.
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Effects ofmodulated MMWSs on the heart and circulatory system

The responsiveness of the heart to MMWs has been investigated closely in the Russial
research, describea ithe review below. In particular, the effects of low frequency
modulations have been shown to be significant, leading to concerns for heart health
duringthe 5G rollout.

Chernyakov et al. (1989) were able to cause changes in the heaof fedgs by
irradiating distant skin areas with MMWg$rom the point of view of classical
physiology, it is important that the delay tbiesechanges was aboahe minute The
authors suggest that a reflex mechanigithe action of MMWSs was at work, possibl
involving certain peripheral receptors.i$Hatais consistent with more recent work.

It was further shown théte effects are frequency dependemtt@in frequencies in the
53-78 GHz range effectively altered the natural heart rate variabilitydsthetized rats.
Irradiation was applied to the upper thoracic vertebrae for 20 minutes at 10 miW/cm
less. Frequencies of 55 and 73 GHz caused severe arrhytmdidie coefficient of
variation of theRR intervalincreased four to five times during ECG measurements.
Exposure at 61 or 75 GHz had no effestiile other frequencies tested caused
intermediate changes. A similar frequgritependence was observed in additional
experiments witlthreehour exposures; however, about 25% osdexperimentsvere
interrupteddue tothe sudden death of the animals, which occurred after 2.5 hours of
exposure at frequencies 51, 61 and 73 GHz.

Similar results were obtained in an experiment usingnimal modebf isolated frog
hearts(Afrikanova & Grigoriev,1996. In these experimentsradiation occurred at 9.3

GHz EMF, atalow level of intensitii nce t he size of the f|
the radiation wavelength, the irradiation was performed under conditions approaching
the maxmum absorption of radiation energy by the object.

The RF signal was presented both in continuous mode parisk modulatedusing a
complex signalThe principle of timevarying frequency and associated modulations
with a constant narrowing of tifeequency set was appliedcrequencymodulations
were variedi.e. drifted)from 1 to 100 Hz at anodulation deptlof 30 and 100%The
pulse shape was rectangular, meander, PD of 0.016 n\WFbma distance to the object
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was chosen so this irradiation was uniformA total of 180 frog hearts were usdthe
general scheme of experimental conditions is given in Table 1.

Observations were recordédring irradiation andiollowing exposure for a further 24
hours. The heart rate wascordedevery half-hour for six hours from the time the
isolated hearts we prepared, during exposure, as wethasughthe dayfollowing the
irradiation.Similarly, observations were also carried out in the contshlartexposure)

at the same timetervals In assessing the response to the radiation exposures, it is
important to notethat the heartcan continue to contrador two daysin Ri nger o
(isotonic) solution

Table 1 General characteristics of experimental conditions (Afrikanova &
Grigoriev, 1996)

Experiment | Number of animals used Power The mode of generation of EMF and the | Total time of
number Density exposure time in minutes irradiation
mW/cm? in minutes
Number Number of Constant Pulse Time of each
exposed controls Frequency mode in
Hz minutes
1 28 28 0.016 No 6-10 1 5
2 32 32 0.016 No 1-10 1 10
1-10, 20,
30,40,
3 20 20 0.016 No 50, 60, 1 19
10,80,
90,100
4 10 10 0.016 Yes No 5 5

Morphological states of excitable heart tissi@einvestigaed. Vital stainingof atrial

septal structures was performed with azine group (organic compounds) with neutral rec
(AC) dye. The method ah vivo staining made it possible to judge the viability of
structures by the criterion of granulation, as well as the stateofgérmeability (by

the degree and dynamics of staining). Another itain methylene bluewas used to
assess the state dfiolinergicsynapsesn neuronf the sinoatrial (SA) node
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Control groups: The heart rate ohtactunstainechearts slowed down by an average
of 7% during 24 hours of observatidm;t there was no cardiac arrest (see Figure 5).
The immersion of the isolated heaamplen dye solution alone for half an hour led to
a change in its functiothe number of contraicins decreased by 30%, and 14% of the
hearts stopped contracting. When #neestechearts were stimulated by strong light or
a mechanical stimulus to the pacemaker asiga$ venosysthe heartbeat was restored.

Upon termination of the heastaining process the rate of contractions gradually
increased to reach the initial levBly the end of the experiment, after 24 hours, the heart
ratehad only decreased by an average of 20%.
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Figure 5: Heart rate variability and arrests in isolated frog hearts irradiated with
RF in continuous mode (@) and with (ELF) pulse modulation varying 1-100 Hz
(reproduced from Maslov andGrigoriev, 2003 p.67)

Continuous RF exposureThe reaction of the hearts irradiated vattontinuousvave
was insignificant and did not differ much from tthgednon-irradiated hearts.

Pulsed modulation exposure When irradiated in the modulated EMF mode, a sharp
decrease in the number of hearatsewas observed, and the number of hearts that
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stopped beating also increased (Figure 5). The greatest effedowatwhen the
frequencymodulationchange occurred in the range e1® Hz and the exposure time
wasfive minutes. Under these conditionsexposure, the rhythm slowed down, with
subsequent cardiac arrest in 85%haf hearts (compared to only 38% for continuous
mode). These effects weoaly partially reversible.

When te irradiated hearts were rinsed fromdlye theyresumed their contrionsand
increased their ratéHowever, during the next-2 hours, a sharp decrease in heart
andanincrease in secondary cardiac arrests were noted in a large percentage of case
In these cases, stimulating procedures led only to a short resungftibeart
contractionsAt 2-3 hours after exposure to modulated EMF, a violation of the granule
formation process was observed in the neurons and muscle elements of the heart. A larg
number of neurons acquired angular shapes and the nucleus and cyt@alasdiffuse

color. In the muscle fibers, the number of dye granules was reduced, the cytoplasm was
slightly tinted, and many muscle nuclei were also coloured intensely red. At the same
time, the phenomena of gelatinization of synapses on the cellse dubthalamic
nucleusand intensive tinting oSchwann cell$n the zone of the axonal growth cone
were notedSwch results may indicate a violation of the viability of these structures of
the heart that were irradiatdd., the development of a process suchpasanecrosis

In summary this series of experiments that examilfrog hearts irradiated with RF
EMF pulse modulatedsignalsin the frequency range from 1 to 100 Hz skoav
significantly greater déct on heart function when compared to hearts irradiated with
continuous ginusoidal unmodulatedRFEMF.

Thedependencef bioeffectsonthe initial state of the body systeam well adifferent
RFEMF modulations waslso studied by Afrikanova and Grigoriev (@G8). The
isolated frog heart model was also used for shigly In ther initial state, thehearts
were divided into &xperimeral groups according to heart ra{gee Table 2)

1. 20-30 beats per minute;
2. 31-40 beats per minutand
3. 41-50 beats per mine.

These isolated frog hearts wetbenirradiated with EMF of 9.3 GHz and a power
density of 0.016 mW/ cf(1.6% of the ICNIRP public exposure limifjhe pulse mode
of EMF exposure was usgdith various modulationshe frequency of thenodulation
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for each heanvas determine@ccording tahe initial heart ratef thatisolated heart
20-30, 31400r 41-50. Thus, thdow frequencymodulations were made in three modes
1. 20, 22, 2425, and 28Hz;
2. 30,32, 34, 36 and 38 Hz; and
3. 40,42, 44, 46 and 48 Hz.
There was also a continuous (unmodulated)ERF- exposure and a sham (no RF)
exposure group (see Taldg The duration of each exposure was 1 minute.

Table 2 Changes in the heartrate of isolated frog hearts depending on the
modulation of the microwave fequencyand the initial heart rate (reproduced from
Maslov and Grigoriev, 2003 p. 69)

Experiment | Number | Modulation | Number of points (average Total
number of Hz by group) number
hearts Initial frequency of the of
beating heart points
20-30 | 3140 | 4150
I 23 20,22,24,25,28 50 3 3 56
Il 28 30,32,34,36,39 11 12 9 32
1 22 40,42,44,46,48 9 1 16 26
v 26 Continuous 1 - - 2
mode
Y 30 Sham - - - 0
exposure

The magnitude of the changes was estimatadga rankingsystem(i.e., the greatest
modification was given the highest rank, and the smallest modification was given the
lowest rank of 1. The ranks were then averaged to give the points for each experimenta
condition (see Table 2).

The greatest changescurredwith EMF exposirein the 2028 Hz modulation mode in
the group of hearts with a frequency of20beats per minute. Th, the authors found
that a change in the physiological system occuwkdn the system was initialliy
synchronizatiorwith the frequencige that were modulating the 9.3 GHz EMF signal.

These results indicate the importance of considering modulations and not just carrier
wave frequencies when setting safety guidelifé®y also point to synchronisation
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effects of MMWs on the hearfhese fndingsnecessitatseriousattention and further
test studies.

Ananchenkd& Chuyan (2011) found definiteeffect of MMWs on regulation of tissue
microcirculation using laser Doppler flowmetry Subjects were 89 femalestudent
volunteersaged 183 years. According to the authors, when the skin is exposed to
MMW irradiation, variouscomponents of tissue blood flow regulation play a miajte

in changing the nero-hemodynamicsThe components that create these changes are the
endotheliuradependentmyogenic endotheliurindependent, ancheurogenicblood

flow componentsThese results are consistent with the worlBefzalel et al. (2018)
who showed &orrelationbetweerECG (electrocardiographyparanetes andthe sub

THz reflection coefficienof human skin

It has beeshown that a significant effect can be obtained by using modulated MMWs
and purposefully influencing the systemseofzymaticreactions in the cell where the
characteristic frequencies are close to the frequerayulation(Gapeev et al., 1994;
Gapeyev et al., 1998, 2001). There is also information about the inhibitory biological
effect of exposure to MMWs in the molation mode (Gapee& Chemeris, 2000).
Naroolepsy(the falling-asleepeffect) was registered in rats when exposetMi\Ws

(37 GHz; PD<0.3 mW/c# modulated byleltabrainrhythm frequencies
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Effects dependent oninitial state of the system

Experimental data obtained at the subcellular, cellular and tissue levels indicate the
dependence of the EHEXtreméy high frequency EMR effect on the initial level of
activity of a biological objectRakhomov et al., 199&eletyuk et al., 1999Rojavin et

al., 1997%.

According toPakhomov et al. (1998individuals or groups of the population that are
usually considered homogeneous can react to MMWs ta different or even opposite
ways. For example, in animal experiments by Temury&nt€huyan (1992) and
Temuryantst al. (1993), the authoseparatedats in different animal enclosures based
on their levels of activity before MMW exposure. The readiohanimals with low,
medium and high levels of activitjiffered greatly in their response to MMWEhe
variation in the nature of theicrocirculationunder the influence of MMWsvas
dependenbn the initial state of the animal (AnanchenkoChuyan, 2011)Thus
ignoring individual differences in the population can mask possible bioeffects of
MMWs, or lead to erroneous conclusions.

The initial state ofthe biological system can affect the bioeffects of M
exposures.

Biological resonance effects

Fromthe early 1970s the Institute of Cell Biophysicsifiguesciencecentemwithin the
Russian Academy of Sciences, now known asfPeshchinoScientific Centre of
Biological Researah ronducted intensive studies of thniechanismsf the biological
effects of MMWs In particular, theresearchidentified the MMW paranetes that
produce bio-resonanceeffects (i.e. synchronisation of oscillationbetween he
biological object andhe exposure signal)This research was conductby Gapeev,
ChemerisAlekseev andresenko

Mechanisms oftte biological action of lovintensity MMWs at the cellular level were

examined theoretically and experimentdlGapeev, Safronova, Chemeris et al., 1996;
Gapeyev, SafronovaChemeris et al., 1997; Gapeyev, Yakushina, Chemeris et al.,
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1998). In thesstudes, he designers usedggoovedantennaThe grooved antenna, in
contrast to thelielectricandhorn antenngprovides a uniform spatial distribution of the
specific absorbed powaer the frequency range used ailws forbroadband matching

(of the transmitted EMF signjahith thetargetobject, both in the near and far zones of
the emitter. For the first time, it was shown ttiet response of the immune system cells
(mouseneutrophily to low-intensity MMWSs (3150 ‘ W/cn¥) has aresonancdike
character, depending on both the carrier and modulating radiation frequencies (Gapee
et al., 1996).

Groundbreakingdata was obtaed showing that the occurrence of MMW effectsass
dependent on the induction of a constant magnetic field comparable in magnitude to the
geomagnetic field of the ear{iGapeev. et. al., 1999). Based on these experimental
results, and using the methodsstbility theoryand the theory adeterministt chaotic
oscillations, the changes in calcitdependent processes of intracellular signalling
under the action of lovintensity modulated MMWs were analyzeGapeev &
Chemeris, 2000; Gapeev, SokolvChemeris, 2001).

The discovery of thbio-resonance effecheant thafor the first time, it was possible to
explainthe findings fromvarious areas aksearch that had pointed to tependence

of the biological effecof EMFson severaffactors the functional state of tHaiological
object the presence of amplitudeequencyfiwindows in the systerés response to the
impact the threshold nature of the effeeind the role ofvhite noise exposure as a
control signal. It was shown that therm of the electromagnetic signal acting on the
system waf primeimportance for the qualitative and quantitative characteristics of
the effect. This finding is fundamentalwith a view to potentiallycontrolling the
functions of various types of cells bypaing thento an external electromagnetic field
with specially selected pareetes.

Immunity and M MWs

The effect of lowintensity MMWs on various parts of the immune system of laboratory
animals was studied. It was shown that in anireafsosed tavhole body irradiation,
MMWs did not affect thehumoral immune respongee., the antibody responsas
estimated by the number of antibefyming cells in thespleen and the titers of
hemaggalutinatiorantibodies) However, MMWsreduced the severity of the cellular
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immune response in thelelayedtype hypersensitity (DTH/type [V) reaction
(Lushnikov et al., 20Q1Lushnikov et al., 2003

Lushnikov et al. (20013howed experirentally thatexposures to lovintensity MMWs
can affect the immune responstealthyNMRI mice were usedo examinehe effect
of low-intensity whole bodyMMW irradiation (42.0 GHz, 150W/cn¥) on indicators
of humoral immune response to thyrrdependent antigen8nimals were irradiated in
the far zone of the antenna for 20 minutes in different modes: once, ddilefdays,
and daily for 20 days before immunization wittheep rd blood cells After
immunization, they were then irradiated ddiy five days during the development of
the immune response. The intensity of the humoral immune respaissassessed on
thefifth day after immunizatiowia the number of antibodforming cells of the spleen
and the titers of hemagglutinating antibodies. The spleen mass, thymus, spleen and re
bone marrow cellularity were determined.

From our point of view, an extremely important conclusion was formul
concerninghe cumulative nature of whet@ganismresponse to MMW#hat is,the
presence in the body of mechanisms for the accumulatioi bioeffects and
recognition ofthe stimulus of radiation exposure.

There were no significant differences between these indicatorsiafjéedayand five

day irradiations in the formation of the immune response. Aftexposureseries oR0

days, however, thymus cellularity sigricantly decreased by 17.5%, and spleen
cellularity by 14.5%. These authors believe that the results obtained serve as evidenc:
that repeated exposure of healthy animals to-iotensity MMWs can affect the
processes ainmunogenesis

Lushnikov et al., (2003used alelayedtype hypersensitivity reactidtype V) toassess
the effect of MMWs on cel-mediated immunity To stimulate the type IV
hypersensitivityreaction, mice were sensitizég the introduction of 1x10sheep red
blood cells Animals of the experimental group wetleen subjeted to wholebody
irradiation by MMWs (42.0 GHz, 100 W/cn¥) for five consecutive day¢for 20
minutes peday) after the sensitizing injection and before the allowable injectinasit
thus shown that the application of MMWs almoshtirely suppressesionspecific
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inflammation caused by subcutaneous injection of red blood cells, and reduces the
severity of immune inflammation.

It was found thahonspecific immune ractionsare highly sensitive to the action of
low-intensity MMWs(Kolomytseva et al., 2002

The iradiation of intact mice with MMWs seilted in a significant decrease in the
number of activgphagocytegpercatage ofphagocytosisin the peripheral bloodAn
original discovery was madéroughthe electrophoresisf individual cells in agarose
gel (DNA comet assay methodxposure to lowintensity MMWSs led to a change in
the spatial organization of chromatin cells of immunogenic or@fagmus and spleen)
of animals Gapeev, et al., 2003

Using in vivo studies of acute nespecific inflammation, Lushnikov et al., (2006
demonstrated for the first time that lemtensity MMWs (42.0 GHz, 1Q0N/cn?, 20
min) can have a pronounced ainflammatory effect. It was found that tlkénetic
paranetesand magnitude of the aftiflammatory effect of MMWs are similar to those
of a single therapeutic dose of thensteroidalantiinflammatory drugDiclofenac
(Voltaren) Diclofenacis adrugthat reduces inflammation and paithe combimtion
of bothdiclofenac sodium and MMWesffected apartial additive effect by reducing
exudatiorand hyperaemiat the site of inflammation

The results of the above comparative analysfsexperimentsuggest that the anti
inflammatory effect of lowintensity MMWs occursy inhibiting the key enzyme of the
inflammatory reaction, cyclooxygenase which is followed by a decrease in

prostaglandirsynthesis.

It was shown that cellular mechanisms are responsible for thinfathmatory action

of MMWs. This is associated with changes in the functional activiphafjocyticcells.

The inflammatory bioeffect was due to a decrease in phagocytic activity and the
production ofreactive oxygen specieThese results allowed the authorptoposea
fihistamin® hypothesis based dahe biological action of MMWs at the level of the
whole organism@Gapeev et al., 2006
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The aboveesearch explains the ration&be the effective use of MMWs the treatment
of diseasesvherethe pathogenesismcludespronounced inflammatory processes.

To explore the aniinflammatory and artiumor effects of MMWsa wide range of
radiation parmetes were investigated hese paraetes includediffering intensities,
carrier and modulating frequencieand exposure durations. As a resuf these
investigationsthe optimal modes of exposure to produce pronounced biological effects
such as antinflammatory, anttumor, andgenoprotectiveeffects were determined
(Gapeyev, 201; Gapeyew& Lukyanova, 2015; Gapeyev, AripovskyKulagina, 2015;
Gapeyev, Aripovskg Kulagina, 2019)Low frequency pulsingf 0.070.1, 0.52 and
20-30 Hz were found tdvave especiallpronounced effect@Gapeyev& Mikhailik et

al., 2008).

The possibility of a synergistic effect of modulated electromagnetic radiation was
confirmedwhen using a special combination of carrier and modulafieguencies
(Gapeyev, Mikhailik & Chemeris, 2002009.

The pronounced response of chromatityimphocytess one of the major contributing
factors in creating the synergistic effects from MMBhromatin in lymphoid cellgs
pivotal in limiting cell damage fim radiation in the inflammatory procesbhe
activation ofT cellimmunityis seenin the rapid mobilization of maturelymphocytes
from the spleen and thymus ofddiated animals, and in the rapid risehe number of
omega3 and omeg® polyunsaturated fatty acids in the thymus of irradiated animals.
This leads to the creation of a specifitokineprofile that causes the asitiflammatory
effect of MMWSs(Gapeev, Sirota, Kudryavtsé& Chemeris, 2010).

MMW effects are systemic

It has been shown Ropov et al., (200Q1that local exposure to loimtensity MMWs

leads to degranulation of mast cells of the dermis. The authors suggested that the
reaction of mastaells of the skin may be an important amplifying mechanism in the
chain of events leading to a systemic Iypdeactionto thestimulus oflow-intensity
MMWs throughthe participation of the nervous, endocrine and immune systems.
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Professor Andrey B. Gapeev, Doctor of
Physics and Mathematical Sciences; Chief
Researcher of th€ushchinoScientific

Centre of Biological Research of the Russiar
Academy of Sciences

The results fronLushnikov, GapeevChemerist al. (2002demonstate that MMWs
produce asystemiceffecton the whole body which is directdtirough theregulatory
systems responsible for maintaining homeostasis.

The results obtained here indicate that the main mechanism through whiictidosgity
MMWs act, involveshe modification of the immune status of the body as a result of a
systemic reaction to the radiation exposure. Through the signalling system describec
above, the body can be directed (stimulated) to respond to electromagnetic radiatior
using a specific cobrination of radiation paraetes.

Thus, it is necessary to study both the primary reception of MMW expbsutiee
biological systemand the subsequent response airtiraune system levelrhe effect
of MMW exposures on the skimas quite cleait is thus confirmed thahe skinplays
an instrumental role in themechanisms of biological action of EMR (Rodshi#185;
llina & Betsky, 1989Popov et al., 20Q1Alekseev& Ziskin, 2009).

Therefore, it is necessary to study not only the primary reception of MMWSs, but also
the subsequent perception and response at the level of physiological reactions of th
whole organism. EMR is detectedithin complex biological gstems and this is
distinctively manifested at the levelf the wholeorganism (Presman, 1968; Plekhanov
1990;Lushnikov, Gapeev et al., 2001

55


https://en.wikipedia.org/wiki/Pushchino
https://pubmed.ncbi.nlm.nih.gov/12449822/
https://pubmed.ncbi.nlm.nih.gov/12449822/
https://pubmed.ncbi.nlm.nih.gov/12449822/
http://lushnikov/
https://pubmed.ncbi.nlm.nih.gov/11558390/

Based on the relts of the work of specialistat the Institute ofCell Biophysics (now
known as théPushchindsci ent i fi ¢ Cent r e withihthé8Russiam g i
Academy ofSciences, and other researchersRinssiaand overseas, the following
conclusion can be stated:

The immune system is critical to biological and human health. The im
system is affected by lewtensity MMW radiation. Thifinding is particularly
pertinent during the Covid9 pandemic, due to increased demands on
immune system.

Problems with experimental design and reporting

Belyaev et al., (2000)rew attention to the fact that there are a significant number of
studies showing biological effecfsom MMW exposures at nethemal intensities.
However, some replication studies have reported low reproducibility of these effects.
This lack of reproducibility is then used by ICNIRP to deny riskscokding to the
authors, one possible explanation may be the dependence of the Miigists en
paranetes that were not controlled during replication.

Other factors can also influence experimental outcomes, such as the genotype of cel
strains, the growth stage of bacterial cultures, and the time between exposure tc
microwaves and thebservatiorof the effect. These consideratioegerateheextreme
importance of recordinthe exactetails of methods usethenconducting studies of
MMWs of nonthermal intensities.

There are numerous examples in the literature where a single exposuodulated
RFEMF signals results imaninitial appearance dONA damage, but hours later the
damage disappeatdere,DNA repair mechanisms have been activated and repaired the
damage. If the experiment is halted at this point, the conclugiaiid beof a null or
protective effect. However, if exposures continue over days, weeks or mtehs,
biological repair systems are overwhelmed and DNA damage is once again observed
The conclusion is then of a significant damaging effect of exposure on DNA. Thus,
duration of exposure plays a crucial role in outcomes, Unfortunately the majority of
studieshave been shoterm only.
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We consider it appropriate to pay attention to a number of other factors that can
significantly affect the final radiobiological effect. Many experimergach their
conclusions without considering the modulation, pulse modkpalsation in the carrier
signal Grigoriey, 1996 Leach, Weller & Redmayne 2018Furthermore, the vast
majority of experimenters do not consider gwnergisticsideeffects of other toxic
stimuli together with MMWsKostoff, Heru, Ashner et al., 20p0

Author 6 assessment of potential health effects from 5G

The impact of lowintensity MMWSs on living systems is found imany experimental
animal studies. Biological effects are observed in systems of varying degrees of
complexity, from the microbial and cellular levels, to the level of the whole organism.

From our evaluation of the results of preliminary studies on thsilple impactsn the

health of the populatiorof the 5G MMWexposuresalone (.e., excluding other
anthropogenic RiSpectrum exposure effects, or combined effeat®), consider it
reasonable to expect the following adverse effétigacts on normal functioning in the
critical organs of the skin and eyes; mediated systemic reactions in the body as a whole
and, most notably, impacts to theervous and immune system

When considering sheterm exposures to Ieimtensity MMWSs, two organs al
of critical importance. These are the skin and the eyes.

It is clear that when the population is exposed to MMWs, the absorbed dose(s)
recommended by the FCC and ICNIRP nteyexceeded. Since there is insufficient
scientific information on possible adverse bioeffects from mdlierwaves, i is not
currently possible to atermine scientificallybased public health standards and
protective national policies for 5G exposures.

The potential impact of MMWSs on the biosphere is a valid and grave concern. As a
result of the technological developments that are changing our former (more traditional)
way of life, and, despite the gaps in our scientific knowleddge ncessary forato try

to foreseehe human health consequenttest may occur in diverse population groups.
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Reaction of countries to the introduction of 5G technology

Our abovestatedconclusions and concermsgardingthe potential public health risk

from theadoption ofthe new 5G technological standardafiected inreactions around

the world. 5G deployment is contested in a number of countries and territories

W From 2020, Swiss municipalities hawsistedthat proof of the safety of 5G should
be apparent before installation permits for the introductiahetechnology can
be approved (fiWhy the Swiss are rebel

W Following growing concerns about the public health implications of the 5G
network, the Nigerian governmergfused to approve the deploymefitthe 5G
net work in the country (ANigerian Go
Net wor k Depl oy morerstApri)2028a har a Rep

W  Sloveniahalted the introduction of 5G technolopgnding the results of studies on
public health and safetyi(S| oveni a halts 5G to inv
Environmental Health Trust, March 18 2020).

W More than 140 ltalian citieglecided to stop deploying the 5G standard
(Al nternational Actions To Hal't And
April 2019).

W TheBelgian environment ministesaidt hat t heir ci ti zens |
whose health can be sold at a profi

devel opment, for nowd, The Brussels
W  The United Kingdom (UK)equires an urgent health and safety sasenbn 5G

(Al nternational Actions To Halt And I

2019).

W In Australia and New Zealand, concerns have baisedover the lack of research
on the possible adverse health effects of 5G technology (Bandara et al., 2020).

A group ofscientistdfrom New Zealand ath Australiapublished aliscussion papén

July 2020 entitledi 5 G Wi r el ess Net wor k Depl oyment
medi cal di scussion in Australia and Ne
of this paper expressed their concern as follows:
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An urgent medical investigation into the safety of existing wireless signals
(Wi Fi, 3G, 4G) and the new 5G is reqgt
The lack of clinicians and biomedical experts within the ARPANSA expert panel

for their health risk assessment, along with their seriously questionable
conclusions appear to have misldatt]t he Australi an medic
Unsubstantiated claims of safaety a public health matter are risky. In this

case, it involves populatiowide exposure to a novel mamade form of

mi crowave radiation that can put peorg
r i s {Bandareetal., 202(p 31)

Scientists in Austradi have drawnattention to the fact thainsuitably qualified (or
guestionablyappropriate)fispecialistd are tasked with handling the safety of RF
exposures for the publi€or example, aexamination of brain tumor ratesonducted

by these flexpertso from ARPANSA and
Electromagnetic Bioeffects Research), concluded that there can be no link betweer
mobile phone use and brain cancer (Karipidis et al., 2018). This study was met with
great skepitismas it did not look at the under 20 and over 60's age grbigpetheless,

it is beingusedby ARPANSA to reassure the public that mobile phone usmigely
safe (ARPANSA website, ANew Australian
use and brain cancerso, 2018).

In contrastBandara et al. (2020¢quest adequate research before deployment
The plan to deploy 30,000 satellites in space and millions of 5G transmitters
on Earth without any formal health or environmental assessments is both
reckless and negligent. We appeal to the medical commuortystraliaNew
Zealand to actively engage with this important topic in order to protect public
health.(Bandara et al., 202032

Minor violations of certain health pareetes can translate into severe damage for public
health if large numbers of peeptxperience impaired body functions. In this case, the
entire population can be affected, and this can result in devastating consequences bot
for the general health of nations and, subsequently, for the economy.

To be truly progressive we need joomot uniquelyinnovative methods to further

technological evolution, but in ways that do not harm biological systems. These
technologies can only be implemented after bona fide objective scientific research.
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Currently, wired alternatives represent a saferrengustainable and thus ultimately
more affordable way forward.

PHIRE t he Physiciansé Health I nitiative
independentK-basedassociation of doctors antedicalresearchers. They collect and
disseminate researchtime field ofEMF health effects, as Weas conducting their own
studiesLast yeatthey issuedheiri 2 020 Consensus Statement
Medical and Scientific Experts and Practitioners on Health Effects ofldiosing
Radiation (NIRD .

Here is an extract from thgatement
We the wundersigned state nhhatt mhset a
addressed immediately by the UK Government and other governments
internationally, in order to prevent avoidable human injury, disease, deaths and
potentially irreversible environmental damage. People must be allowed to
retain the right not tdoe exposed against their will. Where prevention of harm
may have already failed we also request clear communication to the public
regarding who is accountable and liable for health damages. We request a
response from Publ i c He@GdvdanmenEtodptiyand a
accountability and the measures which will be taken to address the above
6Urgent Action Pointsé withi (PHIRB, days
2020).

This appeal was signed by more than 300 doctors and scientists, inchaling
author of this book, Professor Yuri Grigoriev

jRE &5,
PH AMERICAN N
CAL MEDICIH ACADEMY OF A Rl
; ". REOLOGICAL MEDICINE ENVIRONMENTAL o
Radiat MEDICINE ACNEM.
oy e NAEM [ fo e ~ Yo
",";.{-' b A o, ALBORADA Y KOMPETENZINITIATIVE Q'l"
tan e

2020 Consensus Statement of UK and International
Medical and Scientific Experts and Practitioners on
Health Effects of Non-lonising Radiation (NIR)

Figure 6: International consensus statement
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The appeal was approved by the following medical associations and scientific forums:
thePhysi ci aimigafive fAreRadiatioh and Environme(PHIRE); theBritish
Society for Ecological Medicine (BSEM); the Alborada Foundation(Spain); the
American Academy of Environmental Medici®AEM); the Australasian College of
Nutritional and Environmental Medicind ACNEM); the European Academyor
Environmental MedicindEUROPAEM); theltalian International Society of Doctors

for the Environmen{(ISDE lItalia); National Association of Environmental Medicine
(NAEM, USA).

The Australian parliamengld aninquiry into 5Gin 20192020. Theerms of referenge
however, did nainclude the ptentialimpact on healtlwhich was largely ignorediting

the ARPANSA or ICNIRP standard as being sufficienirtatecthealth. There werg38
submissionsandover 80% of these were concerns about potential health effects which
were not addressed. @rerage, each witness group that was a propdoebG was
givenaround45 minutes hearing time with the committee, while each witness group
against5G (including ORSAAYeceivedan average of only 12.5 minutes.

ORSAA has since expressed their concern regarding the lack of democratic fairness
within the inquiry process. Itheir submssionORSAA implored the government to
immediately halt 5G deployment in consideration of the potentially serglusorpublic

and planetary health, and to find the political will to prudently address the scientific

evidence of potenti al heal t h c Austealam uen
Feder al Parl i ament és House o f Repre
Communications and the Arts: Jlnquiry i:1

The failure to address the potential health impacts ah3fis inquiry is an example of
how real information about the potential health impacts from the many vaonouses
of EMF exposures (3G, 4G, and 5G) are being concealed froputiiie.

Outside of Russia, thcurrentsituation has already been referred tdfidee biggest
experiment in the history of the wodd

Irradiation of the human populatiddy MMWSs without the appropriate precautionary

standards isclearly immorald in the same wa as conducting or observing an
experiment would be, when litasthe possibilityof developingpathological processes
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e.g.,according to the notiori Wa i t  a thehweswdll dedableto establishproper
standards (Grigoriev, 2018; Grigdev, 2018; Grigaev, 2018). Of course ykthen,it
will be too laté
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Part Two: An Integrated Summary of Public Health Risk
from Radiofrequency Electromagnetic Field Exposures

How do we assess the total risk to human health from the impact of-plizieq
RFEMF exposures?

To accomplish thisask, we need to take into consideratiom simultaneous use of 3G,

4G and 5G communication technologies. In Part One, we identified human health risks
for 5G cellular technologie$n Part Twq we will now tabulatepre-existingresearch
resultsof the sgcific bioeffectsfrom 3G and 4G technolags We will then be able to
integrate the current state of scientific knowledge from both of these (old and new) risk
sets, to include all three technological stand&r@&, 4G and 5G. Finally, we will
formulate acomplete hazard assessment of the plandé RFEMF exposures, and
present our public health recommendations.

We nowturnt h e r e a d etothes3G ant 4CGecelltilar aommunicatistandards,
which are the major sources of IMF exposures today. €technologiesissociated
with these include (1basegations (BS)together withWi-Fi accesspoints (AP), and
(2) user (or subscribeterminals such as mobile phoné&gtopcomputers, and other
wireless devices.Each of thesédwo sources of exposure to the populatiaries
significantly with regard to thareaof the body that is irradiateénd alsowith the
intensity and time period of the exposure. Bsts¢ions and WFi access pointéAPs)
are sources of involuntary, wleebody, longterm (chronic) irradiation, while the use
of mobile phones and devicexeatesvoluntary, local, and more intense shimtm
exposures to the critical organs. Thessible permutations of these various exposure
factorsshould naturally be ifaded inexposure assessmsisb that truly apprajate
safetystandards can be created.

Both base stations and Wi APs produce RIEEMF exposures for the entire human
body, known as whole body or fdield irradiation Theyare characterized by low and
variable intensitieshat fluctuaie with power anddata stream usage, as well as
intermittent beacon pulse exposures. There is an interplay betweerfasufiéld

63


https://en.wikipedia.org/wiki/Exposure_assessment
https://en.wikipedia.org/wiki/Exposure_assessment

exposures and those from devices., whenthe signal comindgrom a base tation is
weak,amobile device wili ncr ease it s ppoditheugh tieadiatiinp o w e
from mobile phoness localized, itcreateda higherintensityof exposurefor example,

to the brain or the inner ear, or to the thyroid gland. These are kaswenr-field
exposures.

While the exposure from cell phe base stations is 24 hours per day, seven days a week
(and is continually growing as the number of users increases), the exposure from use
terminals likeWi-Fi-connected devicesnd mdile phonesan beperiodic and short
term (but thesealso continue to grow over time as we use them more frequently).

It is important to consider both the time pardes of using devices (length of time they

are used), and the specific conditions of their use, for example, up against the ear, o
handsfree. From a radiobiological point of view, there may also be different
combinationof accumulated bioeffects, dependmgthe nature of the signal itseflér
example, the modulation and/or some other physical factors of the external environment.
It is unacceptable to assess health risks frommobile communicationby excluding

the combination of these pertinent fastor

The two main kinds of RFEMF sourcespase stationgincluding WiFi APs) and
wireless devices (such as mobile phones) are generally characterized as biedd) far
and neaffield exposures respectively. As such, thaye given separate and
individualized consideratiom the sections below.

Characteristics of our current electromagnetic environment

Far-field exposures: base stations and ki access points

There is a massive and ongoing increase in anthropogenic background EMRidevels
conformatiors that do not naturally occur on planet Earth. While the EMR itself cannot
be seen by the naked eye, the infrastructure producing the raisatiearlymanifested

in our human environmental landscape in the form of base stations.

Indeed, today there &swhole set of new REMF sources, for example, the base stations

that irradiatehumans24-7, and which will result in lifelondgR~EMF irradiation of the
whole body.Consequentlythere is a blanket irradiation efitirepopulation groupby
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individual RFEMF carrierfrequenciesas well asimultaneous irradiations lfferent
sets of frequencies witrariousmodulations. Thresultant complerxposurepattern is
drivenby the tilization of the nearbypase station whicht any time can be servicing a
number of mobile phone users connectingtdtiple providers.

As explained in Part Onehe 5G technology introduces a new concept in mobile
teleghony, Massive MIMO (Multiple In Multiple Out). This will use many different
antennas to cover a single antesrator The technique offers advantageshatthere

is a greater capacity perviasg@rrmultiplexing,h e
and the signal quality is optimized in locations that are difficult to cover (spatial
diversity). However, 5G adds tché complexity of the exmsure patterrirradiating
humans 247.

The engineering design oéllular communications is charactexd by the divsion of
geographicaterritoriesinto zones ¢r cells). Thesezones usually vary in radius from
0.5 km to 40 kmgepending on the population and the geographic features. Thiomadia
from base stationis isotropig radiating in all directionsThere are now more than 500
thousand base stations in Russia. Base station astémiRussiaare required tdoe
installed at a height of 1t 100 m from the ground. This also applies to antenna
installedon existing builthgs. Antennas are placed on top of various buildings and
structures such as chimneys, and on specially constructed masts. The power output (c
radiation power density) at ground level from a particular base station is é@pend
the time of day and theumber of users connectélsfough theantennasThe non
ionising radiation IR) power density levels at ground level dependhendemand for
that particular base station.

The RFEMF emissionmeasurements of 347 cellular base stations were recorded in a
studysupervised by Profess@rigoriev. The range of power densiteasuredh places
accessible to the general publemged from 0.17 to 471W/cn? (Yu. G. Grigoriev &
Grigoriev, 2013; Yu. G. Grigoriev, Grigoriev, Ivanov, Lyaginskaya, kv,
Stepanov, et al., 201Glowever, hemaximum allowable power density (PD)Russia

is 10 W/cn?. The highestvalues were found on the roof of the buildingiserethe

base station antennas were placed. Values exceeding the maximum allowalsieePD
alsofoundwithin building premises, locatdessthan 100 m from the antenna and along
the azimuth (horizontal path)of the antenn@as mai n . [For oepidemtial i o n
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developmentsat a height of twanetes from he ground, no excess power density was
recorded at any of the measurement poimtsday however in violation of safety
regulations, and, as a result of the relaxation of standartisebsadiationprotection
agencies of various countries, base statioa$arcloserThey ardnstalledwithin tens

of metesof residential buildingspnly two to thredloors up from ground levedjacent

to the wndows of residential premises along the azimuth of the projection of the main
beam (see Figurg.

Figure 7: A base station located a short distance from the windows of an
apartment

Basestationsinducean intricate pattern dfme-varying, modulated and muliequency
radiationexposure®f a relatively low intensity. However, exposures from the temahit
signals contain localedintensities thasometimes exceed the maximatowableRF
EMF power density limitsICNIRP 1000‘ W/cn?, Russia 10 W/cm?) and that
approachevels that causthermaleffects While theaverageintensity values within
residential areas do not exceed the ICNIRP limit (alifferent countries have varying
limits), they can stilkeach several hundrédv/cn?.

Wi-Fi is an additional source of ffield RFEMF exposures with frequencies of 2.4
GHz, and/or 5 GHz. For technical reasons, taege (or coverage) for WFi is
restricted.Access pointare provided for users and, importantly, the PD from these is
typically ten times lower than the radiation from base stations. (It must be remembered,
though, that the PD exposure for a user will also depend on their distance femoebs

point, since theinverse square law@pplies to bothWi-Fi and base statiopsin our
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opinion, the potential hazard from Wi radiation expsure in the human environment
should be considered in combination with EMFs of other frequencies and different
modulations.

Wi-Fi can be seen as both a-fesld and a neafield exposure, depending on factors
such as the user 6 %9 sdurce @and thecVdi frdquencynusedhire
this regard, it is also important to consider the detailsogfthe user actually uses a
device: itsdistance and locatidinom the bodyfor example, o usefs lap(Markov &
Grigoriev, 2013)

Some of thenealthconceris, where evidenctr potentiallyserious pathologsfrom
Wi-Fi radiation exposurdsas beerdentifiedincludeoxidative stressspermand DNA
damage neuropsychiatric effectscell damage,apoptosis,and endocrine changes
(Avendano, Mata, Sarmiento, & Doncel, 2012; F20i18)

The artificial wireless signals produced by-Wiaccess pointand base stations are
complex waveforms with lowfrequency modulations impressedtbahigh-frequency
carrier wave,which can lead to adverse bioeffect&xperiments on rabbitén our
laboratory have shown thathe combination and interaction abmplex exposures
(several RFEMF carriers with various frequenciemodulatiorandat alow intensity)
resulted in the developent ofepilepsy(Yu. G. Grigoriev & Grigoriev, 2013; Yu. G.
Grigoriev & Sidorenko, 2010)

Near-field exposures: mobile phones andther devices

Mobile phonesand modern smartphonesnd tabletsare powerful radiatioremitting
devicesAlthoughthe type of radiatiotheyem t i-sofinbphngo, the
betreatedwith the same cautioas low power ionizingadiationequipmeh However
they are being used in an uncontrolled manmngithout awareness that they ame
significant source dEMF exposures and a potential health.rSkce these devicese
publicly available, they are accessible to all population subsets, inglatildren.

Whenamobile phone is held wgpgainsthe head for use, there is local irradiation of the

brain The vestibular and inner ear apparatududing the auditory receptgiarein the
direct path of theadiation(Yu. G. Grigoriev, 1997; Yu. G. Grigoriev, 200There is
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also intensive irradiation of the thyroid gla@du. G. Grigoriev et al., 2020}t is quite
common for people to make frivolous and unnecessseyof theimobile phones, and

to have a lack of awareness of the length of time they spend on their phone
conversations.

Whena wireless laptofs being used on a lathe useis testicles are directiynpacted
by EMF. We must alspay attention to thradiation of the intestine, which produces
a number ofheurotransmitteremportant for the normal functioning of the body.

Duringpregnance nd a b a by, &ere aeamarly possible different sources of
RFEMF exposuredo different parts of the body (see Figu8g For example, an
expectant mother miglaiarry a cell phonagainstthe pelvis Figure 8a), talk on a cell
phonefor an extended period of time, oise a wirelessnabled laptop, tablet or
smartphone (Figur8b), or sometimeausea cell phond o prendital music therapy
(Figure8c). In the first days and months after birth, the child can treepedsiodically
exposed to EMFs. This occurs when parents use their mobile phones. Very often, this i
while they are feeding the child.

In addition, if a baby is born prematurely, then the child is exposed to electromagnetic
radiation while in the incubat. It is also quite common in the very first years of life for
parents to introduce their children to a smartphone for entertainment purposes, so the
child then perceives it as being just another toy (Figure 8d).
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Figure 8: Near-field RF-EMFe x posures in the chil dobs
from prenatal to early childhood

We now turn the readerdés attention to
associated with 3G and 4G cellular communication technolagliel, adasestatins,
Wi-Fi modems, smartphones and laptapisich are still the major sources of fMF
exposures todayn particular, children are constantly expogedsignals from these
sources, and are likely to be exposed for decades to come.
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Critical somatic organs and systemsl he vulnerable brain, auditory and
vestibular systems

The brain

For the first time ever in the history of civilization, the brain is now a critically
vulnerable organ. It has not previously been exposed BN radiation.

A mobile phone exposes the brain to different frequencies which can have various
impacts. Itis difficult to predict the amount of exposure one might have, either on a
daily basis, or over a lifetime. Total exposure depends on both the specific device used
and the habits of the user. Itis also relevant that mobile phone exposueaiiield
exposure which is typically unpredictable, and comprising wave properties that are hard
to pinpoint. It is therefore difficult to predict the interaction of the electromagnetic fields
from phones with tissue and bodily structures such as the inner earressilt, the
effects of mobile phone exposure to the brain, in our opinion, can only be partially
predicted. The forecast depends on many circumstances and, above all, on the choice
of the users themselves.

Vital structures of thévrain (see Figured), are directly exposed to REMF radiation
when a mobile phone is used against the head.

Figure 9: Irradiation of vital brain structures by RF -EMFs from mobile phones

The distribution of absbedRF dose in the brain is entiredgpendent on the agéthe
user(Gandhi, Lazzi, & Furse, 1996; see Figure.10)
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The absorbed dose of HEMFs in the brain of children agedl1® yearss up totwo
times greater thaim adults.This factgives weightycredenceo our judgement that the
brain and the nerv&ructures are criticallyulnerable Moreover, it indicates that when
assessing the risk of mobile phones for the population, testhe atailoredapproach
to protectingchildren sinceheir exposureand that consequerisk from exposure to
mobile phones is greater.

How mobile phone radiation penetrates the brain

5-year-olcl 10-year-old Adult
Skull thickness; Vamm Skull thickness; Tmm Skull thickness; 2mm

Absorption rate: 4.49W/ka Absorption rate: 32IW/ka Absorption rate: 2,93W/ka

Figure 10: Distribution of absorbed dose in the brain in children aged 5 and 10
years and in adult mobile phoneusers (Gandhi et al., 1996)

The auditory and vestibular systems

In additionto the brain,the mobile phonealso directly irradiates theauditory and
vestibularsystems of théner eay including theotolith organs and associated sensory
pathwayqYu. G. Grigoriev, 2006)In the inner ear, theochleasystemis dedicated to

the sense of hearingrhile the vestibular system is responsible for maintaining a sense
of balance and spatial orientatioRigure 1L shows the placement of these systems
within the auditory system
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Figure 11: The position of the inner ear within the auditory system and its
associated innervation This work by Chittka and Brockmann is licensed under a
Creative Commons Licence 2.5

The inner ear contains hdike receptors that, in response to fluctuations in the
endolymphandbasilar membranéwithin the cochlea), senelectricalimpulses along
nearby nerves to the brain

The vestibular Hance system compriséao componentsthe otolith organs and the
semicircular canals. The two otolith organs, thecle andsaccule contain a viscous

fluid and small stones that agssensoryhair cells(mechanoreceptors) to detect linear
acceleration, gravitational forces, and tilting movements. The three semicircular canals
arise from the ticle and are filled with a fluid (endolymph) which is used to detect
rotational acceleration. Both components of the vestibular system relay electrical
impulses to the brain.
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