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Abstract

Background: In 1970, a report from the former Soviet
Union described the “microwave syndrome” among mili-
tary personnel, working with radio and radar equipment,
who showed symptoms that included fatigue, dizziness,
headaches, problems with concentration and memory,
and sleep disturbances. Similar symptoms were found in
the 1980s among Swedes working in front of cathode ray
tube monitors, with symptoms such as flushing, burning,
and tingling of the skin, especially on the face, but also
headaches, dizziness, tiredness, and photosensitivity.
The same symptoms are reported in Finns, with electro-
magnetic hypersensitivity (EHS) being attributed to expo-
sure to electromagnetic fields (EMF), Of special concern
is involuntary exposure to radiofrequency (RF)-EMF from
different sources. Most people are unaware of this type of
exposure, which has no smell, coloz, or visibility. There
is an increasing concern that wireless use of laptops and
iPads in Swedish schools, where some have even aban-
doned textbooks, will exacerbate the exposure to EMF.
Methods: We have surveyed the literature on different
aspects of EHS and potential adverse health effects of
RF-EMF. This is exemplified by case reports from two stu-
dents and one teacher whodeveloped symptoms of EHS in
schools using Wi-Fi.

Results: In population-based surveys, the prevalence of
EHS has ranged from 1.5% in Sweden to 13.3% in Taiwan.
Provocation studies on EMF have yielded different results,
ranging from where people with EHS cannot discriminate
between an active RF signal and placebo, to objectively
observed changes following exposure in reactions of the
pupil, changes in heart rhythm, damage to erythrocytes,
and disturbed glucose metabolism in the brajn. The two
- students and the teacher from the case reports showed
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similar symptoms, while in school environments, as those
mentioned above.

Discussion: Austria is the only country with a written sug-
gestion to guidelines on the diagnosis and treatment of
EMF-related health problems. Apart from this, EHS is not
recognized as a specific diagnosis in the rest of the world,
and no established treatment exists,

Concluston: It seems necessary to give an International
Classification of Diseases to EHS to get it accepted as
EMF-related health problems. The increasing exposure
to RF-EMF in schools is of great concern and needs better
attention. Longer-term health effects are unknown. Par-
ents, teachers, and school boards have the responsibility
to protect children from unnecessary exposure.

Keywords: medical diagnosis; prevention;radiofrequency
electromagnetic fields (RF-EMF); school children; Wi-Fi.

Backg;ound

In recent decades, hurhan beings and other species have
been increasingly exposed to radiofrequency electromag-
netic fields (RF-EMF) (1, 2). Exposure is involuntary from,
e.g. base stations and wireless fidelity (Wi-Fi) routers used
for wireless internet communication, but also voluntary
through personal use of such devices as mobile phones,
cordless phones and wireless connected laptops, iPads,
etc, At homes and in offices, we now see a new develop-
ment with wireless “talk” between different appliances
causing increased passive exposure to RF-EMF.

Many people are concerned about the potential
adverse health effects of RF-EMF. Of special concern is
exposure from sources that the individual cannot control,
close out, or even reduce. However, most people are
unaware of this type of exposure, which has no smell,
color, or visibility. Cordless phones may be placed close
to the bed, wheéreby the sleeper is unnecessarily exposed
to RF-EMF from its base station. Many take their smart
phones everywhere and put them on the bedside table or
even under the pillow at night. Laptops and iPads are fre-
quently used in schools, at work, and in the home, Schools
in Sweden usually have wireless networks reaching every
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room in the building. This makes it easy and convenient
to teach and keep in contact everywhere. In some schools,
almost all education is conducted through a personal com-
puter given to each student. The same type of development
is going on in offices and other workplaces. Free Wi-Fi is
also available to everyone in some city centers in Sweden.

Electric light can be switched on all day during dark
winter months, and in our homes, we are dependent on
electricity and electric appliances for cooking, cleaning,
and washing clothes and dishes. Technical development
has accelerated rapidly during the last century. it has
made life easier and more convenient.

However, there are people who experience side-
effects from electrical and wireless equipment. They can
experience symptoms that include headaches, nausea,
dizziness, skin problems (itching, pricking, and heating),
heart arrhythmias, concentration and memory difficulties,
sleep problems, aches in muscles and joints, etc. (3). They
present different symptoms depending on the frequency
of the EMF. It can also vary widely which symptoms a
person gets depending on his or her individual sensitivity
and weaknesses. The intensity of the symptoms can vary
from weak to strong within seconds and last from minutes
to several days. The symptoms can make everyday life
very disabling and difficult to manage.

Historical aspects

As early as in the 1970, a report from the former Soviet Union
described the “microwave syndrome”. The Soviet military
recognized early on the possible side-effects from radar and
radio radiation. The microwave syndrome was seen in tip to
a quarter of the military personnel working with radio and
radar equipment, even though the EMF were below today’s
reference value, They showed symptoms such as fatigue,
dizziness, headaches, problems with concentration and
memory, sleep disturbances, and being hot tempered. The
treatment suggested was a change of assignments and to
keep away from EMF. Rest, physical exercise, and nutri-
tious food were offered (4). The symptoms described are the
same as those found 40 years later in Finnish people with
electromagnetichypersensitivity (EHS) (3).

In the 1980s, symptoms from cathode ray tube (CRT)
computet screens appeared among office workers, most
of whom were women. They showed symptoms that
included flushing, burning, and tingling in the skin, espe-
cially on the face. When it worsened, they could develop
eczema and swollen faces, with dilated blood vessels and
vesicles, which was usually diagnosed as Rosacea. Bjom
Lagerholm, a Swedish dermatologist, histologically found
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a similarity between skin biopsies from these women
and those from heavily UV-radiated skin. He compared
it with elastosis solaris, seen in elderly people after long
sun-bathing or working out in the sun. The term “screen
dermatitis” was suggested. If the affected office workers
went on working in front of CRT screens, they could
develop more symptoms — headaches, dizziness, tired-
ness, and light and noise sensitivity. Both at work and at
home, they could become sensitive to fluorescent light,
the stove, TV, and other electric devices (5).

The Swedish Confederation of Professional Employ-
ees, Tjdnstem#nnens Centralorganisation (TCO), suc-
ceeded in making their recommendation of 0.2 uT the
limit for the extremely low frequency (ELF) magnetic
fields from the CRT screens internationally accepted. It
might not only have been the high magnetic fields from
earlier screens but also chemicals like brominated flame
retardants in the materials in the screen and the com-
puter that caused these reactions. When the devices were
heated, new chemicals were vaporized in the electronics
(5). Polybrominated diphenylether, a flame retardant used
in electronics, was later found significantly elevated in a
group of patients with EHS compared to a healthy control
group (6).

Reference vaiues

The reference values for RF-EMF were recommended in
1998 by the International Commission on Non-lonizing
Radiation Protection to 2-10 W/m? for ftequencies hetween
10 MHz and 300 GHz. Up to 400 MHz, the recommendation
is 2 W/m2 The formula: frequency/2x10°® is used for fre-
quenciesbetween 400 and 2000 MHz. Above 2000 MHz up
to 300 GHZ, the recommended reference value is 10 W/m?
(7). These reference values protect against injuries caused
by a heating effect over 1°C after an exposure of 30 min,
and with a safety factor of 50 for general public. Injuries
caused by other biological mechanisms than heating or
from chronic effects of EMF exposure are not believed to
exist. Sweden and many other countries apply these ref-
erence values. Other counttles, like Russia, Poland, Italy,
and India have chosen lower reference values down to
0.1 W/m? Some of the researchers behind the Biolnitia-
tive Report in 2012 suggest 3 pW/m? as a reference value,
because research work on biological effects has shown
some influence of RF-EMF down to 30 pW/m? (8).

Measurements of outdoor exposure in Sweden in 2013
showed a median power density for RF fields between
30 MHz and 3 GHz to be 16 pW/m?in rural areas, 270 W\W/m?
in urban areas, and 2400 pW/m?in city areas (9).
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Wi-Fi in schools

Over the last few years, while all public schools and most
private schools in Sweden have installed witeless access
to the Internet (Wi-Fi), there have been reports in news-
papers of teachers and children experiencing symptoms
of EHS (10, 11). In classes with one laptop per student,
exposure to EMF can be especially high. Symptoms often
include tiredness, headaches, dizziness, and difficulties
with concentration and memory. Some recover at home,
whereas others have problems sleeping at night. Palpita-
tion of the heart is another reported symptom.

A debate has started in Sweden as to whether students
should be allowed to use their mobile phones during
school time. It is usually not exposure to EMF from the
phone that is the issue of this debate, but rather the time,
energy, and attention it takes away from school work.

Methods

Following a short literature review of different aspects on EHS, we
will discuss the increasing use of Wi-Fi in schools. This is of spe-
cial concern regarding EHS and other potential health effects. Two
students and one teacher from the Nordic countries with heaith
problems exacerbated by such a school environment are presented
as case reports.

Results

There are different names for the medical condition
called the microwave syndrome, which some now call
EHS (3, 12). Other names are idiopathic environmental
intolerance attributed to electromagnetic fields (IEI-EMF)
(13) and electromagnetic field intolerance syndrome. As
the different names point out, opinions are divided on
whether the symptoms are caused by EMF (14, 15) or if
there is anxiety about new technology that could be the
cause of the symptoms (16). In population-based surveys,
the prevalence of EHS has ranged from 1.5% in Sweden
(17), 3.2% in California (18), 5% in Switzerland (19), up to
13.3%in Taiwan (20).

Provocation studies

Provocation studies with exposure to EMF have produced
divergent results. Some studies have shown how people
with EHS cannot discriminate between an active microwave
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signal and a placebo signal, or do not get more symptoms
from active exposure compared to sham exposure (21-23).
Other studies on healthy or EHS people have shown objec-
tively observed changes in the reactions of the pupil (14),
changes in heart rhythm (15, 24, 25), damage to erythrocytes
(26), and disturbed glucose metabolism in the brain (27)
following exposure to EMF. Several studies indicate some
influence ot electrical activity in the brain seen in electroen-
cephalograms after exposure to RF-EMF during both sleep
and active memory tests (28, 29). Anincreased activityin the
sympathetic nervous system and hyperreactivity to sensox
stimulation has been found in patients with EHS (30).

Some reviews on provocation studies on EHS and
IEI-EMF conclude that it is difficult, under blind con-
ditions, to show that exposure to EMF can trigger the
symptoms described by people with EHS or support the
existence of a biophysical hypersensitivity to EMF (31, 32).
Another review points to the sparse literature on this
condition and discusses the controversy surrounding the-
legitimacy of the EHS diagnosis (33).

Provocation studies where the subject is supposed
to tell whether an EMF is on, or has to report subjective
symptoms can be difficult to conduct and have many
sources of error. For people with EHS, the background
environment of EMF can have a considerable influence on
the test results. The best situation would be a test room
with very low EMF both from ELF and RF.

Rea et al. did a provocation study in an environmen-
tally controlled area with porcelain-on-steel walls to
minimize airborne chemical poliution and external EMF,
which might interfere with the testing procedure (14).
Their provocation study had an alternating magnetic field
with 21 active challenges frequencies from 0.1 Hz to 5 MHz
and tested 100 subjects with self-reported EHS. Sixteen
subjects reacted to active challenges but not to blanks.

The subjects’ health and well-being on the test day
may also influence the results. If the journey from home
to the test room is long, it may find the EHS subject in a
worse condition and more hypersensitive to EMF. This can
make them react even to the lower power of EMF.

In the study by Rubin et al. on self-reported EHS, sub-
jects were exposed to a pulsing 900 MHz global system for
mobile communication (GSM) signal from a mobile phone
as an active signal, which produced a targeted specific
absorption rate of 14 W/kg (21). The sham signal, a.con-
tinuous wave, was supposed to have a minimal leakage
of <2 mW/kg. This low, but not negligible, signal may
account for some of the positive reactions from the sham
exposure. Of the EMF-sensitive participants, 60% believed
that a signal was present during exposure to GSM, whereas
63% reported an active signal on the sham exposure.
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Another difficulty with provocation studies is that
EHS subjects may be sensitive to many different frequen-
cies, but not all. Some react mostly to ELF-EMF and some
mostly to RF-EMF (14). Furthermore, the symptoms can
be very different between two subjects with EHS depend-
ing on their sensitivity and other illnesses, where some
mainly get dermatological symptoms whereas others get
heart effects (3). The time from exposure to appearance
of symptoms may also differ from seconds to days (15, 26).

Case reports
Casel

A previously healthy boy aged 15. Starting at the age of 5,
he frequently played computer games, which often made
him angry. He disliked the mobile phone he got when he
was 7 and therefore seldom used it. In the falt of 2013, he
started eighth grade, and his class moved to a building
with mold problems, He started to have headaches, get
very tired, and had difficulties concentrating at school.
It seemed that he was in his own world and had trouble
hearing what other people said. He became increasingly
sensitive to light and sounds, experienced itching around
his mouth and nose, and had palpitations of his heart
with increasing rhythm, for which acute medical care was
sought. In the hospital, he had tachycardia with a heart
rhythm of above 200 beats per minute, which was treated
with intravenous drug injections and only returned to
normal after about 2 h. He started to sleep very badly, and
became sad and depressed.

Except from offering allergy and psychiatric medi-
cines, the doctors seemed helpiess. In the spring of 2014,
a friend recommended that the parents seek help from an
alternative medicine therapist. The therapist made some
muscle tests and found the boy’s muscles very tense. After
turning off the main power switch in the house, the boy’s
muscles and body relaxed. The therapist suggested he
could be hypersensitive to EMF.

At home, the family turned off their Wi-Fi, electric
devices, and lights. The boy got a lot better, especially
during thesummer of 2014 when he was outside and often
at the seaside, Presently (2015), during his last year in
primary school, he has increasingly been missing school
and gets help to study at home. He develops symptoms
soon after entering the school building, even in a small
building without mold. The parents have not had any
success in making the school authorities turn off the Wi-Fi.
Mobile phones are supposed to be switched off when he
is in class, but few teachers enforce this. Outdoors and at
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home, he feels better and can now use the cabled com-
puter for a while. He is concerned about his future and
whether there is any school he can go to next year.

Case 2

A boy aged 15. Before starting school and during his
first school years, the boy was healthy. In his first school,
where he went from grades 1 to 7, he started to get head-
aches, especially when his friends brought their smart
phones to school. Later, he also started to be more tired
and had problems with memory, concentration, and
sleep. In grade 9, in August 2014, all classes moved into a
newly built school building with Wi-Fi already installed.
Here, his symptoms got a lot worse. During this school
year he has often been very tired when he returned home.
Sometimes he slept from five in the afternoon fo seven in
the morning the next day, complaining that he slept badly.
He also compiains of severe headaches, poor memory, diz-
ziness, and problems with his balance. He began to have
stomach problems. He recovers during weekends, but still
has symptoms. He lives near a base station and has neigh-
bors using Wi-Fi. The school board and the local govern-
ment refuse to turn off the Wi-Fi in the boy’s classtoom,
but other students are supposed to turn off their smart
phones during school hours.

In his earlier school, where he went from grades 1to 7,
measurements of RF-EMF were made in March 2012. With
the RF-Analysator Gigahertz Solutions HF 59B, Isotrop
antenna UBB27_G3, and frequency filter FFGE with the
range of 27 MHz-3.3 GHz, measurements showed values
from 41 to 10,000 uW/m2 Most of the measured RF-EMF
came from UMTS (3G). Wi-Fi was not installed in this
school in 2012, In October 2011, measurements were made
in the schoo! yard and showed a maximum of 6200 pW/m?
(average 470) increasing to 10,800 wW/m? (average 1300) in
February 2015 (www,EMF-consult.no). In the area around
this school, the number of mobile base stations increased
between 2011 and 2015 from 12 to 22.

The school board at the school the boy is attending
since 2014 has refused to do any measurementsbecause the
exposure of RF-EMF is thought to be well under the coun-
try’s reference value of 10 W/m? for RF-EMF >2000 MHz.

Case3
A previously healthy female teacher aged 47. Wi-Fi was

installed in her school in the spring of 2011, and all stu-
dents in grades 7-9 got their own laptop in the fall. All the
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teachers were encouraged to use the computers in every
lesson. The school did not buy any textbooks for any of the
classes starting that year. The fall semester started with
downloading several programs to each student’s laptop
for the different school subjects. After 3 weeks, the teacher
started to feel heart palpitations, with both a very fast
and uneven rhythm, when working in school. This dis-
appeared when she went on a 2-week planned education
trip to another country. Back at home, the palpitations
returned after a weelc’s work and got steadily worse. She
consulted the hospital as an emergency patient, but her
heart calmed down on her way to the clinic, and she had
anormal rhythm at medical examination. She was on sick
leave at home for a week, recovered, and felt well again.
Back at work she started to get palpitations within 3 days
and felt dizzy as though she was about to faint. She was
now sure about the association between her palpitations
and her work with Wi-Fi and all the laptops being used
during the school day. This time she also became hyper-
sensitive to ELF-EMF at home, from the television monitor,
the induction stove, and the corded computer.

During the first 2 years, the school authorities did not
recognize her EHS or make arrangements for it, but she
finally got help with the support of her labor union. Now,
4 years later (June 2015), she remains sensitive to Wi-Fi
and wireless equipment, but tolerates regular electricity
and electronic devices. She still works as a teacher, but
in another school in a classroom without Wi-Fi and has
all her school meetings there. The students can use their
laptops and smart phones in her classroom, but they have
to be off-iine in flight mode. She can use her own mobile
phone, but does so sparingly. She feels well and has no
heart problems as long as she avoids excessive use and
exposure to wireless devices.

Discussion

The two students and the teacher report similar symp-
toms as the military radio and radar workers in the
former Soviet Union, the Swedish office workers who got
symptoms in front of the CRT monitors, and the electro-
magnetic hypersensitive Finns (3-5). They expetienced
symptoms such as headaches, tiredness, dizziness, heart
-arrhythmias, problems with concentration and memory,
sleep disturbances, hypersensitivity to light and sounds,
and flushing, burning and tingling of the skin, etc. These
people attribute their symptoms to different EMF, both
from ELF-EMF from our household electricity and/or from
RF-EMF from wireless devices.
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There can be a combination effect between chemicals
and allergens, such as mold, together with EMF, which
may aggravate the EHS. The office workers in front of new
CRT monitors and elevated levels of flame retardants in
the blood of a group of EHS people point to this combi-
nation effect (5, 6). The boy from case 1 above exempli-
fies this with his symptoms exacerbating when his class
moved into a building with mold problems.

The Austrian Medical Association has made sugges-
tions as to guidelines for the diagnoses and treatment
of EMF-related health problems and ilinesses (34), but
apart from this, EHS is not recognized by the rest of the
world today as a specific diagnosis. There are no diagnos-
tic criteria and no treatment has been officially accepted.
Instead, persons with EHS are often offered cognitive
therapy because some studies have shown a reduction
in perceived hypersensitivity after its use (35, 36). Efforts
to raise the guestion of a medical diagnosis for EHS have
been made several times in the European Parliament and
its committees, but every time these have been rejected.

Provocation studies under double-blind conditions,
where EHS cases are supposed to tell whether they are
exposed to EMF or report which symptoms they get, can
be difficult to conduct as we have discussed above. Thus,
it would be useful to do provocation studies with expo-
sure {0 EMF and objectively observe and register changes
in body reactions beyond voluntary control, such as heart
thythm and electric skin potentials (25), adverse effects on
blood cells (26), and saliva (37). The discussed difficuities
with provocation studies seem to be the same for assess-
ing diagnostic criteria for EHS, because symptoms and
sensitivity can differ considerably among EHS persons.
This would require further research.

People with EHS report that they can be sensitive and
get symptoms to RF-EMF down to a few xW/m? Residen-
tial areas with low RF-EMF exposure can be the best way
of reducing the symptoms of EHS. Activist and non-gov-
ernmental organizations in several countries are working
on this, but because governments do not recognize EHS as
a real medical illness and impairment, they usually do not
give any support. Avoiding wireless devices and choosing
cabled connections to the Internet are important. In the
home and office, electricity, lights, and machines can be
shielded from ELF-EMF with special equipment that can
improve living and working conditions.

Both ELF- and RF-EMF have been evaluated by the
International Agency for Research on Cancer (IARC) at the
World Health Organization to he “possible” human caz-
cinogens, Group 2B (38, 39), but these conclusions seem to
have had little or no impact on regulating human exposure.
Those people who are not actively seeking information,
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especially children, are uninformed of the IARC evaluation,
because, at least in Sweden, governmental agencies do not
actively inform people about the problem. The situation
in schools with increasing exposure to RF-EMF is of major
concern and hard to understand and defend for medical
reasons, not least because a wired solution gives equal or
even better internet access. Longer-term health effects are
unknown. Parents and school boards are responsible for
protecting children who are at a vulnerable age to toxins
and obliged by law to attend school.

Conclusions

The prevalence of EHS seems to be increasing today, and
many people get symptoms when exposed to ELF- and/or
RF-EMF. With the ever more extensive use of wireless tech-
nologies, nobody can avoid being exposed. It is important
to work toward getting objective diagnostic criteria for EHS,
and have it recognized and officially accepted as hypersen-
sitivity, an illness caused by exposure to EMF, Thus, it is nec-
essary to give an International Classification of Diseases to
EHS. If and when EHS is accepted as a diagnosis by society
and the medical profession, measures can be taken espe-
cially in consideration for this group of people with EHS
regarding healthcare, accommodation, school, and work.

Measurements of exposure to EMF shouid be per-
formed in classrooms and in school yards during a typical
school week. The resuits must be evaluated in relation to
current knowledge of biological effects from EMF expo-
sure. This should lead to a precautionary approach using
wired solution of the internet connection, but also reduc-
tion of other sources of EMF exposure. This approach
should be similar as for control of exposure to other toxic
agents such as asbestos and radon emissions. It is time to
consider ELF-EMF and RF-EMF as environmental pollut-
ants that need to be controlled.
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Vetenskapsman och ldkare varnar for allvarliga halsoeffekter av
5G-utbyggnad - begdr moratorium

13 september 2017

Vi, undertecknade mer dn 180 vetenskapsmén och Iikare frdn 36 nationer, rekommenderar moratorium fér
uthyggnaden av 5G fér telekommunikation tills potentiella risker f6r mdnniskors hélsa och milién har under-
sokts fullt ut av forskare utan kopplingar bindningar till industrin. 5G kommer att kraftigt 6ka exponeringen
fér radiofrekventa elekiromagnetiska filt (RF-EMF) utéver den redan i dag befintliga frén 2G, 3G, 4G, Wifi
etc. RF-EMIF har visat sig vara skadligt fér bdde ménniskor och miljé.

(Obs: BI& lankar nedan &r referenser.)

5G leder till massiv 6kning av patvingad exponering for stralning fran tradlos teknik

5G-tekniken dr endast effektiv 6ver kort avstand. Den tranger daligt genom fast material. Manga nya an-
tenner kommer att krivas och fullskaligt genomférande kommer att resultera i antenner vart 10:e till 12:e
hus i tatorter, vilket ddrmed massivt 6kar den patvingade stralningen.

Med "den allt mer omfattande anvandningen av tradlds teknik” kan ingen undvika att bli exponerad. Ut-
over det 6kade antalet 5G-sindare, dven inomhus, i butiker och pa sjukhus, kommer enligt uppskattningar
10-20 miljarder anslutningar (till kylskap, tvdttmaskiner, 6vervaknings-kameror, sjalvstyrande bilar och bus-
sar etc.) att bli delar i “Sakernas Internet”. Sammantaget kan detta vdsentligt 6ka alla EU-medborgares
sammanlagda langvariga exponering fér RF-EMF-straining.

Skadliga effekter av RF-EMF-exponering redan bevisade

Over 220 forskare fr&n mer #n 40 linder har uttryckt att de dr "allvarligt oroliga" éver den allstades nirva-
rande och 6kande exponeringen for EMF (elektromagnetiska filt) som alstras av elektriska och tradlosa
enheter, redan fore tillskottet av stralning fran 5G. Forskarna hanvisar till det faktum att “ménga nya veten-
skapliga publikationer har visat att EMF paverkar levande organismer vid nivaer langt under de flesta inter-
nationella och nationella gransvarden”. Effekterna innefattar 6kad cancerrisk, celluldra stresseffekter, ék-
ning av skadliga fria radikaler, genetiska skador, strukturella och funktionella férandringar i fortplantnings-
systemet, intdrnings- och minnesproblem, neurologiska stérningar och negativa effekter pa det allmanna
vélbefinnandet hos ménniskor. Skadorna nar langt utover manskligheten, eftersom det finns alltfler beldgg
for skadliga effekter pa bade véxter och djur,

Sedan forskarnas varningar ar 2015, har ytterligare forskning 6vertygande bekraftat allvarliga hélsorisker
fran RF-EMF fran tradlos teknik. Vérldens stérsta studie {25 miljoner US-dollar) frén National Toxicology
Program (NTP) visade statistiskt signifikant 6kning av férekomsten av hjarn- och hjartcancer hos djur expo-
nerade fér RF-EMF trots att stralningen var under ICNIRPs (International Commission on Non-fonizing Radi-
ation Protection) gransvdrden, vilka tillampas av. de flesta lander. Dessa resultat stods av resultat fran epi-
demiologiska studier pa manniskor och risk for hjarntumaorer av RF-EMF-stralning. Ett stort antal granskade
vetenskapliga rapporter visar att stralning fran EMF skadar méanniskors halsa.

Virldshalsoorganisationen (WHO) cancerforskningsorganisation International Agency for Research on Can-
cer (IARC), konstaterade 2011 att EMF med frekvenserna 30 KHz — 300 GHz ar ”madijligen cancerframkal-
landde” for manniskor (Grupp 2B). Emellertid bekraftar nya studier, som ovan namnda NTP-studien och
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flera epidemiologiska undersokningar inklusive de senaste undersokningarna om risk for hjarntumaor av
mobilanvandning, att RE-EMF-straining 8r "cancerframkallande fér médnniskan'.

EURGPA EM-EMEF rapporten fran 2016 konstaterar att det “finns starka beldgg for att ldngvarig
exponering for vissa EMF &r en riskfaktor for sjukdomar t.ex. vissa cancerformer, Alzheimers

sjukdom och manlig infertilitet ... Vanliga symtom pa EHS {el6verkanslighet) innefattar huvudvark,
koncentrationssvarigheter, sémnstorningar, depression, brist pa energi, trotthet och influensaliknande
symptom.”

En allt storre del av den europeiska befolkningen ar drabbad av sadan ohalsa som i vetenskaplig

litteratur sedan manga ar har kopplats till exponering f6r EMF och stralning fran tradios teknik. I den
Internationella Vetenskapliga Deklarationen om eldverkanslighet (EHS) och multipel kemisk kdnslighet
(MCS), Bryssel 2015, forklaras att: ”Pa basen av var nuvarande vetenskapliga kunskap uppmanar vi darfor
alla nationella och internationella organ och institutioner ... att erkdnna EHS och MCS som verkliga
medicinska sjukdomar, som kan leda till omfattande folkhdlsoproklem under manga ar framoéver, dvs i alla
lander som tilldter obegriansad anvindning av tradlos teknik och marknadsférda kemiska d&mnen ... ait inte
vidta dtgdrder leder till kostnader for samhdllet och dr inte l3ngre ett alternativ ... vivarhar enhélligt

for en allvarlig fara fér folkhdlsan ... att stora férebyggande dGtgdrder vidtas och prioriteras for att férhindra
en kommande viirldsomspdnnande epidemi.”

Forsiktighetsatgarder

Edrsilitighetsprincipen (UNESCO) antogs av EU 2005: "Ndr mdnskliga aktiviteter kan leda till moraliskt oac-
ceptabla skador som dr vetensiapligt trovdrdiga men osdkra, ska étgdrder vidtas for att undvika eller mins-
ka dessa skador.” '

Resolution 1815 (Europaradet, 2011): "Vidta alla rimliga dtgdrder for att minska exponeringen for elektro-
magnetiska félt, sarskilt for radiofrekvenser fran mobiltelefoner, och sarskilt exponeringen for barn och
ungdomar som verkar l6pa storre risker for hjarntumor... Rddet rekommenderar kraftfullt tillimpning att
forsiktighetsprincipen ALARA (As Low as Reasonable Achievable) bade fér sa kallade termiska effekter som
icke-termiska eller biologiska effekter av elekiromagnetiska falt eller stralning” och att (8.5} "forbattra
metoder for och kvaliteten pa de riskbedémningar som gors®.

Niirnberg-koden {1949) géller for alla experiment pa ménniskor och darmed dven utruliningen av 5G med
nya och hogre frekvenser av RF-EMF. Alla sadana experiment: "bor baseras pa tidigare kunskaper (t ex en
forvdntan hérledd fran djurférsok) som motiverar experimentet. Inget experiment hor genomforas, dér det
finns en a priori anledning att tro att dédsfall eller invalidiserande skador kommer att uppsta. Férutom moj-
ligen i experiment ddr de experimenterande ldkarna ocksa sjdlva tjanar som forsokspersoner (Niirnberg-
kod punkt 3-5), Redan publicerade vetenskapliga studier visar att det nu finns "a priori anledning att tro”"
att halsofarorna ar reella.

Eurapeiska mitidbyran (EEA) varnar for "stralningsrisk fran vanliga apparater”, &ven om stralningen under-
skrider WHO / ICNIRP-normerna.. EEA papekar ocksa foljande: "Det finns méanga tidigare exempel pa att
farsiktighetsprincipen inte tillampats, vilket har resulterat i allvarliga och ofta irreversibla skador fér méanni-
skors hdlsa och miljén... den skadliga exponeringen kan bli omfattande innan man har ’6vertygande bevis”
for skada av langvarig exponering och en biologisk forklaring [mekanism] fér hur denna skada orsakas.”

"Sakerhetsriktlinjerna"” skyddar industrin - inte hdlsan och miljon
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De nuvarande “sakerhetsrikiiinjerna” fran ICNIRP &r helt foraldrade. Alla bevis pa skador som anges ovan
har ndmligen uppstait trots att stralningen dr under ICNIRPs “riktlinjer ", Darfér behovs nya riktlinjer. An-
ledningen till de vilseledande riktlinjerna ar "ICNIRP-medlemmarnas intressekonflikter i form av deras rela-
tioner med telekommunikations- eller elektronikféretag vilket undergraver den opartiskhet som bor galla
for utarbetande av exponeringsstandarder for allmdnhetens exponering for RF-EMF... For att utvardera
cancerrisker ar det nodvandigt att inkludera forskare med kompetens inom medicin, sarskilt onkologi”
(cancerforskning).

De nuvarande riktlinjerna fran ICNIRP / WHO for RF-EMF bygger pa ett ett fordldrat antagande att "den
kritiska effekten av RF-EMF-exponering for ménniskors hédlsa och sdkerhet ar uppvdrmning av exponerad
vdvnad.” Men forskare har bevisat att manga olika typer av sjukdomar och skador uppstar helt utan upp-
virmning ("icke-termisk effekt"} vid stratningsnivaer langt under ICNIRP-riktlinjerna.

Vi uppmanar EU:

1) Att vidta alla rimliga atgdrder for att stoppa 5G RF-EMF-expansionen tills oberoende forskare kan
garantera att 5G och de totala stralningsnivierna som orsakas av RF-EMF (5G tillsammans med 2G,
3G, 4G och WiFi) inte kommer att vara skadliga for EU-medborgare, sarskilt barn, foster och gravi-
da, eller for miljon.

2) Attrekommendera att alla EU-lander, sarskilt deras stralsakerhetsmyndigheter, foljer Resolution
1815 och informerar medborgare, inklusive larare och lakare om halsorisker fran RF-EMF-stralning,
hur och varfér man ska undvika tradlos kommunikation, sérskilt i/ndra t.ex., daghem, skolor, hem,
arbetsplatser, sjukhus och dldreomsorg.

3) Att omedelbart utse en arbetsgrupp inom EU bestdende av oberoende, verkligt opartiska forskare
inom EMF- och hilsa utan intressekonflikter” for att omvirdera hilsoriskerna och att:

a) besluta om nya, sdkra gransvarden for "maximala totala exponering” for all trddlos kommunika-
tion inom EU,
b) studera den totala och kumulativa exponeringen som paverkar EU-medborgarna,
c) skapa regler som ska tillampas inom EU fOr att undvika exponering som overstiger EU:s
nya gransvarden for maximala totala exponering for alla typer av EMF sa att man skyddar
medborgare, sarskilt barn, foster och gravida kvinnor.

4) Att foérhindra att elektronik/telekomindustrin genom sina lobbyorganisationer 6vertalar EU-
tjdnsteman att fatta beslut om att ytterligare 6ka RF-stralning, inklusive 5G i Europa.

5) Att stoda och genomfora kabelburen digital telekommunikation istéllet for tradlos.

Vi férvéntar oss ett svar fran EU senast den 31 oktaber 2017 om vilka Gtgdrder ni kommer att vidta for att
skydda EU-invdnarna mot RF-EMF och speciellt 5G-strélning. Denna appell och ert svar kommer att aoffent-
liggébras.

ln_l?’mn_ad av: - o
Rainer Nyberg, EdD, Professor Emeritus (Abo Akademi), Vasa, Finland (NRNyberg@abo.fi)

Lennart Hardell, MD, PhD, Professor (assoc) Department of Oncology, Faculty of Medicine and Health, Uni-
versity Hospital, Orebro, Sweden (lennart.harde!!@regionorebrolan.se)

Undertecknare:

! Undvik liknande misstag som nér Kommissionen (2008/721/EC) utsdg industrivinliga medlenunar till SCENIHR,

vilka till EU dverldmnade en missvisande SCENIHR rappoit om hélsorisker, som gav telekomindustrin fria hiinder at
bestrala EU-medborgare. Rappotten citeras nu av stralsikerhetsmyndigheter inom EU.
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The endorsements are personal and not necessarily supported
by the affiliated universities or organizations.

EU and European Nations

AUSTRIA
Gerd Oberfeld, MD, Public Health Officer, Salzburg

BELGIUM
Marie-Claire Cammaerts, Dr, retired, Free University of Brussels, Bruxelles

BULGARIA
Marko Markov, Professor Emeritus, Ph.D. in biophysics, Sofia University, Research international

CYPRUS

Stella Canna Michaelidou, Dy, Chemist Expert on Environment, Health and Food Safety, President of the-— - -

Cyprus National Committee on Environment and Children's Health

FINLAND

Marjukka Hagstrém, LL.M, M.Soc.Sc., Senior researcher, The Finnish Electrosensitivity
Foundation, Turku

Osmo Hénninen, PhD, Professor Emerltus, Dept. of Physiology, Faculty of Medicine, University of
Eastern Finland; Editor-In-Chief, Pathophysiology, Kuopio

Georgiy Ostroumov, PhD (in the fiefd of RF EMF), independent researcher

FRANCE

Marc Arazi, MD, Physician (Whistleblower on Phonegate international scandal), Nogent-sur-Marne

Dominique Belpomme, MD, MSc, Full Professor in Medical Oncology; Director of ECERI, Paris
University, Paris & European Cancer and Environment Research institute, Brussels

Philippe Irigaray, PhD, Scientific Director, Association for Research on Treatment against Cancer
(ARTAC), Paris; European Cancer and Environment Research Institute (ECERI), Brussels

Vincent Lauer, Ing. ECP, Independent Researcher, La Chapelle sur Erdre

Annie J Sasco, MD, DrPH, Former Director of Research, French National Institute of Health
and Medical Research, Former Chief of Epidemiology for Cancer Prevention at the International
Agency for Research on Cancer and Former Actmg Chief of Program for Cancer Controi World
Health Organization, Bordeaux

GERMANY

Franz Adlkofer, MD, Professor, Pahdora-Foundation for Independent Research

Christine Aschermann, MD (retired) member of the Kompetenzinitiative e.V., Leutkirch

Mario Babilon, Dr. rer. nat., Professor, Baden-Wuerttemberg Cooperative State University Stuttgart

Wolf Bergmann, Dr. med., Kompetenzinitiative zum Schutz von Mensch, Umwelt und Demokratie
eV, Freiburg

Rainer Frentzel-Beyme, MD, Professor emeritus, University of Bremen.

Helmut Breunig, Diploma degree in forestry, Specialty: Radio frequency injuries on trees around phone
masts, Osterode am Harz

Klaus Buchner, Dr. rer, nat., Professor, MEP — Member of the European Parliament,
Kompetenzinitiative zum Schutz von Mensch, Umwelt und Demokratie e.V., Minchen
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Till:

Mr. Ban Ki Moon, FN:s Generalsekreterare;
Dr. Margaret Chan, Generaldirektér WHO;
FN:s medlemsstater

Internationell appell

Forskare kriver skydd mot hélsorisker vid exponering for icke-
joniserande elektromagnetisk stralning.

Vi ar vetenskapsman som forskar pa biologiska effekter och halsoeffekter av icke-
joniserande elektromagnetiska falt (EMF). Baserat pa tillgdnglig férhandsgranskad och
publicerad vetenskaplig forskning &r vi allvarligt oroade 6ver den 6kande och utbredda
exponeringen for elektromagnetiska falt som alstras av elektriska och tradl6sa
produkter. Dessa inkluderar, men &r inte begransade till, radiofrekvent straining (Rf-
EMF) som avges fran till exempel mobiltelefoner, tradlosa telefoner och deras
basenheter, Wifi, smarta elmatare, babyvakter samt elektriska apparater och
infrastrukturer som anvénds vid distribution av el vilka genererar extremt lagfrekventa
elektromagnetiska falt (ELE EMF).

Vetenskaplig grund for var gemensamma oro:

Manga nya vetenskapliga publikationer har visat att EMF paverkar levande organismer
vid nivaer Jangt under de flesta internationella och nationeila riktfinjer. Effekter
inkluderar 6kad cancerrisk, cellular stress, 6kning av skadliga fria radikaler, genetiska
skador, strukturella och funktionella férandringar i det reproduktiva systemet,
forsamring av inldrning och minne, neurologiska sjukdomar, och negativa effekter pa
allmént védlbefinnande hos manniskor. Skador bertr inte bara manniskor, eftersom det
finns en vixande mangd beldgg for skador pa bade vixt- och djurliv.

Mot bakgrund av dessa fynd védjar vi till Forenta Nationerna (FN) och alla
medlemsstater i varlden, att uppmana Vérldshalsoorganisationen (WHO) att utbva ett
starkt ledarskap for att framja utarbetande av mer skyddande riktlinjer for EMF,
uppmuntra till forsiktighetsatgarder, och informera allm@nheten om hélsorisker, sérskilt
om riskerna f6ér barn och foster. Genom att inte vidta atgédrder, underlater WHO att
fullgora sin roll som den mest framstaende internationella folkhdlsoorganisationen

Otillréickliga internationella riktlinjer for icke-joniserande EMF

De olika organisationer som rekommenderar sékerhetsstandarder har missiyckats med
att infora tillrdckliga riktlinjer for att skydda allmanheten, i synnerhet barnen som ar mer
kdnsliga for effekterna av elektromagnetiska falt.

Den Internationella kommissionen for skydd mot icke-joniserande stralning (ICNIRP)
rekommenderade 1998 "Riktlinjer for begransning av exponering for tidsvarierande
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5. allmdnheten far heltackande information om de potentiella hdlsoriskerna med
elektromagnetiska falt samt utbildas om atgarder for att minska halsoriskerna;

6. vardpersonal utbildas om de biologiska effekterna av elektromagnetiska falt och om
behandling av patienter med elektromagnetisk kdnslighet;

7. regeringar finansierar sddan utbildning och forskning om elektromagnetiska falt och
hélsa, som &r oberoende av industrin, och dlédgger industrin att samarbeta med forskare;

8. media avsl6jar experternas finansiella relationer med industrin nar deras asikter om
hélso- och sdkerhetsaspekter med teknik som avger EMF aterges; och

9. vita-zoner (strilningsfria omraden) inréttas.

Releasedatum: 11 maj 2015

Fragor kan stéllas via Elizabeth Kelley, M.A., direktor, EMFScientist.org, e-post:
info@EMFScientist.org
Fotnot: Undertecknarna av denna appell har uttryckt sin personliga bedémning och ddrmed uppgett sin

professionella tilthrighet, vilket inte nédvandigtvis innebér att bedémningen ar representativ for
arbetsgivaren eller den organisation de & knutna till.
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To: His Excellency Ban Ki-moon, Secretary-General of the United Nations
Honorable Dr. Margaret Chan, Director-General of the World Health OGrganization

U.N. Member States

International Appeal:

Scientists call for Protection from
Non-ionizing Flectromagnetic Field Exposure

We are scientists engaged in the study of biological and health effects of non-ionizing electromagnetic
fields (EMF). Based upon peer-reviewed, published research, we have serious concerns regarding the
ubiquitous and increasing exposure to EMF generated by electric and wireless devices. These include—
but are not limited to—radiofrequency radiation (RFR) emitting devices, such as cellular and cordless
phones and their base stations, Wi-Fi, broadcast antennas, smart meters, and baby monitors as well as
electric devices and infra-structures used in the delivery of electricity that generate extremely-low
frequency electromagnetic field (ELF EMF).

Scientific basis for our common concerns

Numerous recent scientific publications have shown that EMF affects living organisms at levels well
below most international and national guidelines. Effects include increased cancer risk, cellular stress,
increase in harmful free radicals, genetic damages, structural and functional changes of the
reproductive system, learning and memory deficits, neurological disorders, and negative impacts on
general well-being in humans. Damage goes well beyond the human race, as there is growing
evidence of harmful effects to both plant and animal life.

These findings justify our appeal to the United Nations (UN) and, all member States in the world, to
encourage the World Health Organization (WHO) to exert strong leadership in fostering the
development of more protective EMF guidelines, encouraging precautionary measures, and educating
the public about health risks, particularly risk to children and fetal development. By not taking action,

the WHO is failing to fulfill its role as the preeminent international public health agency.
Inadequate non-ionizing EMF international guidelines

The various agencies setting safety standards have failed to impose sufficient guidelines to protect the
general public, particularly children who are more vulnerable to the effects of EMF.

The International Commission on Non-Ionizing Radiation Protection (ICNIRP) established in 1998 the
“Guidelines For Limiting Exposure To Time-Varying Electric, Magnetic, and Electromagnetic Fields




Release date: May 11, 201§

All inquiries, including those from qualified scientists who request that their name be added to the Appeal,
may be made by contacting Elizabeth Kelley, M.A., Director, EMFscientist.org, at info@EMZFSscientist.org.

Note: the signatories 1o this appeal have signed as individuals, giving their professional affiliations, but this does not
necessarily mean that this represents the views of their employers or the prafessional organizations they are affiliated with.

Signatories

Armenia
Prof. Sinerik Ayrapetyan, Ph.D., Life Sciences International Postgraduate Educational Center, UNESCO Chair, Armenia

Australia
Dr. Priyanka Bandara, Ph.D., Independent Environmental Health Educator/Researcher, Australia; Advisor, Environmental Health Trust

and Doctors for Safer Schools
Dr. Bruce Hocking, MD, MBBS, FAFOEM (RACP), FRACGP, FARPS, specialist in occupational medicine; Victoria, Australia
Dr. Gautam (Vini) Khurana, Ph.D., F.R.A.C.S., Director, C.N.S. Neurosurgery, Australia
Dr. Don Maisch, Ph.D., Australia
Dr. Elena Pirogova, Ph.D., Biomed Eng., B. Eng (Hon) Chem. Eng., Engineering & Health College; RMIT University, Australia
Dr. Mary Redmayne, Ph.D., Department of Epidemiology & Preventive Medicine, Monash University, Australia
Dr. Charles Teo, BM, BS, MBBS, Member of the Order of Australia,Director, Centre for Minimally Invasive Neurosurgery at Prince of

Wales Hospital, NSW, Australia

Austria

Dr. Michael Kundi, MD, University of Vienna, Austria

Dr. Gerd Oberfeld, MD, Public Health Department, Salzburg Government, Austria
Dr. Bernhard Pollner, MD, Poliner Research, Austria

Prof. Dr. Hugo W. Riidiger, MD, Austria

Bahrain
Dr. Amer Kamal, MD, Physiology Department, College of Medicine, Arabian Gulf University, Bahrain

Belglum )
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L ALLMAN SAMMANFATTNING
A. Inledning

Arbetsgruppen inom Biolnitiative konstaterade ar 2007 att da géllande allméinna gransvirden var otillrickliga for att vdama
ménniskors hilsa, och enades om att nya biologiskt baserade gransvérden var nddvéndiga redan da for fem ar sedan.
Biolnitiative Report utarbetades av drygt ett dussin virldserkidnda experter inom vetenskap och folkhifsa. Dessutom bidrog
ytterligare flera granskare med vérdefulla faktauppgifter och synpunkter.

Experterna drog slutsatsen att frin folkhilsosynpunkt ligger det inte i allménhetens intresse att vinta. Ar 2007 var de befintliga
vetenskapliga ronen, kopplat till de enorma befolkningsméngder som befann sig i riskzonen, tillréckliga for att motivera kraf-
tiga forebyggande atgéirder med avseende pa radiofrekvent stralning (RFR/Radio Frequency Radiation) och ligre grinsvirden
betriffande extremt lagfrekventa filt (ELF) och dvriga elektromagnetiska filt (EMF). Rekommendationerna fér ELF var biolo-
giskt baserade och speglar de ELF-nivaer som i upprepade studier kunnat forknippas med tkad risk for barncancer, och dessu-
tom tillfordes en sikerhetsfaktor som ér jamférbar med vad som brukar anvindas f6r grinsvirden. Konsekvenserna for
folkhdlsan om ingenting forindras bedomdes &r 2007 som oacceptabla.

Vad har héint fem &r senare — 20127 I 24 vetenskapliga avsnitt diskuterar de medverkande forfattarna (till The Bioinitiative
Report) resultaten och betydelsen av ungefir 1800 nya studier. Framférallt rapporterar dessa studier om avvikande gentran-
skription (avsnitt 5 i huvudrapporten); genotoxicitet samt enkel- och dubbelstrangsbrott paA DNA (avsnitt 6); stressproteiner till
foljd av den fraktalantennliknande strukturen hos DNA (avsnitt 7); kondensering av kromatin och férlust av férmagan att repa-
rera DNA i humana stamceller (avsnitt 6 och 15); minskad aktivitet av antioxidanter — sérskilt melatonin (avsnitt 5, 9, 13, 14,
15, 16 och 17); neurotoxicitet hos ménniskor och djur (avsnitt 9); carcinogenicitet hos méanniskor (avsnitt 11,12,13, 14, 15, 16
och 17); allvarliga effekter pa spermiers morfologi och funktion hos ménniskor och djur (avsnitt 18); effekter pa foster, ny-
f6dda och avkommor (avsnitt 18 och 19); effekter pa utvecklingen av hjérna och kranium hos avkommor till djur som utsatts
for mobilstralning under driktigheten (avsnitt 5 och 18); och samband mellan autismspektrumstérningar och exponering for
EMEF/RFR. Denna sammanfattning ger endast nagra korta glimtar av de vetenskapliga beldgg som rapporten Biolnitiative 2012
lagger fram.

Det finns allt starkare vetenskapliga beldgg for hilsorisker vid stindig exponering for lagintensiva elektromagnetiska falt och
tradlosa tekniker (baserade pa radiofrekvent stralning, t ex. mikrovagsstralning). De nivéer dir effekter har rapporterats ar
hundratals génger lagre dn vad som hade rapporterats 2007. Omfattningen av mdjliga hélsoeffekter som ér foljden av stindig
exponering har vidgats. Det har tillkommit ett stort antal studier som undersokt effekter av mobiltelefoner (i livrem eller
byxfickor, enbart strdlande i standby-l4ge) och barbara datorer; pa spermakvalitet och spermiers rorlighet, samt forekomst

av ddda spermier (av betydelse for fertilitet och reproduktion). Det finns ocksé minst ett dussin nya studier péa foster, spadbarmn,
smébarn och skolbarn, som &r betydelsefulla. Det finns nu fler beldgg for att mikrovégsexponering kan skada DNA, stéra
reparationsmekanismer hos DNA, framkalla toxicitet pa det humana genomet (gener), mer oroande effekter pad nervsystemet
(neurologi) samt fler och béttre studier av effekter av basstationer fér mobiltelefoni (tradlosa sdndare och mobilmaster) som
rapporterar om hélsoeffekter vid d4nnu ldgre stralningsnivaer 4n tidigare.

Nagra mycket stora och betydelsefulla studier om risker for hjarntumoérer vid mobiltelefonanvéndning har slutférts. Enligt
Virldshalsoorganisationen WHO:s studie Interphone Final Report, som omfattade 13 linder (2010), finns det beligg (4ven
om det starkt opponerades av motstréaviga delar av forskningskommittén) fér att mobilanvindning under 10 &r eller mer, med
cirka 1640 timmars kumulativ anvindning av mobiler eller tradl§sa telefoner, innebir ungefir fordubblad risk att drabbas av
gliom. Gliom &r aggressiva, maligna tumorer dir den genomsnittliga Sverlevnadstiden efter diagnos 4r cirka 400 dagar. Att
hjarntumorer har uppmérksammats i epidemiologiska undersékningar efter endast tio ar &r anméarkningsvért. Exponering for
réntgen eller annan joniserande stralning kan ocksa orsaka hjimtumérer men da tar det ndstan 15-20 &r innan tumérema upp-
mirksammas, vilket gor radiofrekvent/mikrovagsstralning frdn mobiler till en mycket stark cancerframkallande faktot. Studier
av Lennart Hardell och hans forskarlag vid Orebro universitet har senare (efter 2010) visat att barn som bérjar anvinda mobiler
i tidiga ar 16per mer 4n femfaldigad (> 500 %) risk att ha utvecklat gliom nir de nér aldersintervallet 20-29 &r. Detta maste be-
aktas vid alla insatser for folkhédlsan.

Nyligen, 2011, klassificerade WHO:s cancerforskningsorgan IARC radiofrekvent stralning (RFR) som méjligen cancerfram-
kallande fér ménniskor (grupp 2B), samma klassificering som IARC 2001 bestutade for ELF-EMF. Beldggen for den radio-
frekventa stralningens carcinogenicitet baserades i forsta hand pé studier pa mobiler och hjamtumarer, och enligt WHO:s
regelverk dr det tillimpbart for all exponering for radiofrekventa filt (det syftar pa sjélva exponeringen, inte endast pa appara-
ter, mobiler eller tradlosa telefoner som avger RFR).




B. Varfor ska vi ta hiinsyn till detta?

Insatserna dr mycket hoga. Exponering for elektromagnetiska falt (bade extremt lagfrekventa filt fran kraftledningar och
elektriska installationer; och radiofrekvent stralning, RFR) har kunnat kopplas till en mangfald av ohilsosamma effekter

som har signifikant betydelse for folkhdlsan. De allvarligaste hilsoeffekterna som har rapporterats i samband med extremt
lagfrekventa filt och/eller radiofrekvent stralning ar leukemier och hjdrntumdrer hos bade barn och vuxna; och 6kad risk for
neurodegenerativa sjukdomar som Alzheimers och amyotrofisk lateraiskieros (ALS). Dessutom finns det rapporter om 6kad
risk for brostcancer hos bdde min och kvinnor, genotoxiska effekter (DNA-skador, kromatinkondensering, bildning av
mikrokérnor, forsdmrad formaga att reparera DNA i humana stamceller), patologiskt lickage i blod-hjédrbarridren, fordndrade
immunfunktioner exempelvis 6kning av allergiska och inflammatoriska reaktioner, missfall, och effekter pa hjérta och kérl.
Insomni (s6émnldshet) har rapporterats i studier pa ménniskor som vistas i miljéer med mycket lagintensiv radiofrekvent
strdlning, frdn wifi eller mobilsandare. Overgiende effekter pa kognition, minne och inldrningsformaga, beteende, reaktionstid,
uppmirksamhet och koncentrationsforméga, och f6réindrat ménster av hjarvagor (EEG-férandringar) har ocksa rapporterats i
den vetenskapliga litteraturen. Biofysikaliska mekanismer som #r tdnkbara orsaker till sddana effekter finns beskrivna i flera
artiklar och oversikter (Sage, 2012).

Enbart traditionell vetenskaplig konsensus och praxis kan inte svara fér beslutsunderlaget vid folkhélsofrdgor — snarare dr
det en av flera rdster som dr viktiga att lyssna till nér beslut ska tas f6r att viirna folkhilsan. Givetvis dr vetenskapliga
overviganden viktiga, men det innebir inget exklusivt privilegium for vetenskapens foretrddare att ensamma fatta beslut
for hela samhillet om forindringar i folkhilsans intresse eller for barnens bista.

C. Ar kunskapen tillricklig for att motivera itgirder?

Minniskor utgér bioelektriska system. Vara hjértan och hjdrnor regleras med inre bioelektriska signaler. Exponeringar for elek-
tromagnetiska falt (EMF) i miljon kan paverka fundamentala biologiska processer i ménniskokroppen. I vissa fali kan det inne-
bira obehag, somnstorningar eller forlorat vélbefinnande (férsdmrade mentala funktioner eller pdverkad &mnesomséttning),
iandra fall kan det handla om allvarligare sjukdomar som cancer eller Alzheimers sjukdom. Det kan stora frmagan att bli
gravid, eller att foda ett fullganget barn, eller medféra en dalig utveckling av barnets hjirna. Exponeringama kan orsaka lang-
siktiga forsdmringar av bamets utveckling, med sémre utsikter att gora sig sjilv rittvisa som vuxen. Anvéndningen av vanlig
tradlgs utrustning som bédrbara datorer och mobiler innebir ett behov av skyndsam handling efiersom exponeringama ér ett
vardagligt inslag och férekommer 6verallt. Vi behover faststélla om och nir dessa exponeringar ér hilsovadliga. Om inte kom-
mer framtidens barn att fodas av forildrar som ar dréinkta av tradlés exponering.

Sedan andra virldskriget har bakgrundsnivan av EMF 6kat exponentiellt, allra senast genom de allt mer populira tradigsa tek-
nikerna som mobiler (sex miljarder ar 2011-12, en 6kning frén tva miljarder 2006), traddlgsa telefoner, wifl, wimax och 4G.
Négra ldnder héller helt och héllet pa att ga 6ver fran trddbunden telefoni till tradids, vilket patvingar en omedveten befolkning
exponering for trddlosa tekniker. Samtidigt har denna exponering klassificerats som en méjlig hélsorisk av virldens frimsta
auktoritet inom cancerbedomning — WHO:s cancerforskningsorgan IARC. Flera decennier av internationell vetenskaplig
forskning bekréftar att EMF har en biologisk effekt hos djur och ménniskor. Nu har vagskalen tydligt tippat 6ver mot
"férmodat mojliga negativa effekter’” av oavbruten exponering for EMFE. Det ér svart att dra andra slutsatser nir bioeffekter
som nu tydligt kan konstateras far féljder som patologiskt lickage i blod-hjérnbarridren (toxiner sldpps in i hjamvévnad),
oxidativa skador pd& DNA och ménniskans arvsmassa, hdnining av normal DNA-reparation i stamceller, stérningar av
spermiebildningen, lag spermakvalitet eller 1agt antal friska spermier, forindring av fostrets hjarnutveckling vilket kan ha

en fundamental koppling till den epidemiska 6kningen av autism och skolbarns problem med minne, uppmérksambhet,
koncentrationsférméga och beteende, samt sémnloshet som forsvagar hélsa och likning pa flera sitt.

I dagens virld exponeras alla for tva typer av EMF: (1) extremt lagfrekventa elektromagnetiska filt (ELF) fran elektriska
utrustningar och kraftledningar och (2) radiofrekvent strélning (RFR) fran tridldsa apparater — mobiler och tridlésa telefoner,
mobilsédndare och master, samt TV- och radiomaster. I denna rapport anviinds termen EMF for elektromagnetiska filt generecllt,
och termerna ELF och RFR for de specifika stralningskategorierna. 1 bada fallen handlar det om icke-joniserande stralning
vilket innebér att den inte har tillrickligt med energi for att bryta loss elektroner fran atomer och ddrmed jonisera (ladda)
atomerna, vilket rontgenstralar och andra former av joniserande stralning har.




IL VETENSKAPLIG SAMMANFATTNING
A. Belidgg for effekter pa spermier och reproduktion

Flera laboratorier, 6ver hela virlden, har i upprepade studier kunnat pavisa effekter pa spermiers kvalitet, rorlighet och patologi
hos mén som anvént mobiler, handdatorer eller personsikare, och sirskilt de som burit apparaterna i livrem eller fickor
(referenser 1 avsnitt 18 — Agarwal et al, 2008; Agarwal et al, 2009; Wdoviak et al, 2007; De luliis et al, 2009; Fejes et al, 2005,
Aitken et al, 2005; Kumar 2012). Andra studier visar att mobilanvindning, exponering for mobilstralning eller att forvara en
mobil i ndrheten av testiklarna, pdverkar spermiers méngd, rorlighet, livsduglighet och morfologi (Aitken et al, 2004; Agarwal
et al, 2007; Erogul et al, 2006). I nagra fa djurstudier har mobilstrélningens effekter pa honors fertilitet undersokts. Panagopou-
lous et al (2012) rapporterar om himmad utveckling och storlek av dggstockar, och for tidig celldod i dggstocksfolliklar (f6r-
stadier till dggceller) och néringsceller hos bananfluga (Drosophila melanogaster). Gul et al (2009) rapporterar att rattor som
under driktigheten exponerats f6r standby-nivaer av RFR (mobiler i vintelédge men inte aktivt sindande) far avkomma med
minskat antal dggstocksfolliklar. Magras och Xenos (1997) rapporterar om irreversibel infertilitet hos méss efter fem (5) gene-
rationers RFR-exponering frdn mobilsdndare pd mindre &n 10 milliwatt per kvadratmeter (< 10 mW/m?).

SPERMIER OCH DERAS DNA SKADAS

Spermier skadas av mobilstralning vid mycket laga intensiteter (3,4 — 700 pW/m?). En veritabel flod av nya studier har
rapporterat om skador pé spermier frdn bade ménniska och djur, vilket viicker betydande oro for fertilitet, fortplantning och
barnens hilsa (oreparerade mutationer i spermier). Exponeringsnivaerna motsvarar dem fran en mobil i byxfickan eller en
tradlost uppkopplad dator i knét. Spermier saknar formaga att reparera DNA-skador,

B. Belidgg for att barn ér mer sdrbara

Manga studier har rapporterat att barn &r mer kénsliga fér mingder av miljogifter. (Barouki et al, 2012; Preston, 2004; WHO,
2002; Gee, 2009; Sly och Carpenter 2012). Vissa studier har visat att foster och sma bam 4r kénsligare &n vuxna f6r miljogifter.
Detta stdmmer dverens med ett stort antal studier som visar att foster och sma barn ar mer kénsliga &n &ldre personer for kemi-
kalier och joniserande stralning. Det amerikanska miljoskyddsinstitutet EPA (US Environmental Protection Agency) har f&re-
slagit en tiofaldig minskning av exponering for carcinogener under de forsta tvd levnadsaren och en trefaldig minskning f6r
levnadsaren tre till fem. Vid dessa riskjusteringar har man inte tagit hdnsyn till fosterstadiet och méjligheten att utvidga
skyddet édven till fostcr bor beaktas pa grund av fostrets snabba organutveckling.

Den amerikanska expertgruppen “The President's Cancer Panel” (2012) konstaterade att barn "léper sdrskilt hog risk beroende
pa deras mindre kroppsstorlek och snabba kroppsutveckling — tva faktorer som forstirker deras kéinslighet for kdnda carcino-
gener, exempelvis stralning .

Det amerikanska barnlékaresillskapet ”The American Academy of Pediatrics” framfor i ett brev den 12 december 2012 till
kongressledamoten Dennis Kucinich: “Barn dr oproportionerligt paverkade av miljéexponeringar, exempelvis mobilstralning.
Skilinaderna i bentdthet och viitskemdngden i ett barns hjdrna jimfort med en vuxens hjdrna kan medfdra att barn absorberar
mer radiofrekvent energi djupare i sina hjdrnor dn vuxna. Det dr ett grundvillkor att varje ny standard for mobiltelefoner och

annan tradlds utrustning maste inbegripa ett skydd for de yngsta och mest kinsliga individerna for att garantera att de far ett
livslangt skydd.”

Fragestillningar kring barns exponering for RFR #r av avgérande betydelse. Det finns dvervildigande beldgg for att barn dr
kéinsligare dn vuxna fr manga olika exponeringar (Sly och Carpenter, 2012), t ex. RFR, och de konsekvenser som bor upp-
och ger mycket smé barn trddldst uppkopplade leksaker, vanligtvis utan nagon som helst insikt om de mojliga riskerna. Ett
vixande problem é&r att alla undervisningsdatorer i skolor blir tradlést uppkopplade. Tradbundna undervisningsdatorer 6kar
didremot inte radiofrekvent exponering och ger séker atkomst till internet (Sage och Carpenter, Bioinitiative 2012 Report).

C. Beliigg for effekter pa foster och nyfodda

Effekter pé fosterutvecklingen nér livmodem har exponerats fér mobilstralning har sedan 2006 observerats i studier pa bade
ménniska och djur. Exponeringsk#llorna omfattar helkroppsexponering for RFR fran basstationer och wifi, anvindning av
tradlosa datorer, kuvoser med mycket hoga ELF/EME-nivéer vilket medfor forindringar av hjértrytmvariablilitet (HRV;
hjartkoherens) och sénkta melatoninnivaer hos nyfodda, magnetréntgenexponering av foster i gravida kvinnor, och ELF/EMF-
expouering av mdodrar vilket kan kopplas till 6kad bendgenhet hos barn att drabbas av leukemi och astma. Divan et al (2008)
har funnit att barn som fotts av modrar som anvént mobiler under graviditeten, utvecklar mer beteendeproblem vid tiden for
skolstart &n barn till moédrar som inte anvint mobiler under graviditeten. Hos barn till modrar som anvént mobiler under gravi-
diteten var emotionella stérningar 25 % vanligare, hyperaktivitet 35 %, uppforandestdrningar 49 % och relationsstérningar




34 % vanligare (Divan et al, 2008). Aldad et al (2012) har visat att mobilstralning signifikant paverkar fostrets hjarmutveckling
och kan kopplas till ADHD-liknande beteende hos avkomman till dréktiga mdss. Hos exponerade mdss har man kunnat pavisa
dosberoende skador pa det signalsystem i pannloben dér pyramidceller anvinder glutamat som signalsubstans. Férfattarna
konstaterar att beteendeeffekterna var f6ljden av fordndrad neuronal utveckling pé fosterstadiet (in utero). Musungar var
hyperaktiva och hade skadade minnesfunktioner och beteendeproblem, liknande dem hos ménniskobarn i studien av Divan et
al (2008). Fragopoulou et al (2012) rapporterar att utvecklingen av hjérnans astrocyter, studerad med proteomik (ldran om
cellernas proteiner), paverkas negativt av strdlning fran DECT-telefoner och mobilstralning.

“Exponering av foster (in utero) och sma barn for mobilstralning och tradlosa tekniker generellt kan utgdra en riskfaktor for
hyperaktivitet, inldrningsstérningar och beteendeproblem i skoldldern. Atgdrder behovs for att begrinsa ELF/EMF och radio-
frekvent stralning for dessa grupper, sdrskilt enkla atgdrder som att undvika modifierade kuviser och uthildning av gravida
kvinnor om risker med bdrbara datorer, mobiler och andra killor till ELE/EMF och radiofiekvent stralning.
Forsiktighetsprincipen kan erbjuda den grund ﬁn beslutsfattande dér riskreducerande atgdrder kan vidtas for att forhindra
hog exponering av barn och gravida kvinnor.”

(Bellieni och Pinto, 2012)

D. Beligg for samband med autism (autismspektrumstérningar, ASD)

Lakare bor uppmérksamma EMF/RFR som tédnkbar miljofaktor vid kliniska utvdrderingar av ASD och for att utveckla behand-
lingsmanualer. Att minska eller ta bort EMF eller stressfaktorer i form av radiofrekvent stralning frdn omgivningen &r en rimlig
forsiktighetsatgird med tanke pé bevistyngden for ett samband med ASD.

Flera tusen vetenskapliga studier 6ver fyra drtionden talar f6r att EMF och RFR har allvarliga biologiska effekter och hilso-
konsekvenser. Studierna rapporterar om genotoxicitet, enkel- och dubbelstringsbrott pa DNA, kondensering av kromatin,
forlust av formagan att reparera DNA i humana stamceller, minskad mingd antioxidanter (sirskilt melatonin), onormal gen-
iranskription, neurotoxicitet, carcinogenicitet, skador pa spermiers struktur och funktion, beteendeeffekter, och effekter pa
hjdrnans utveckling i foster vars modrar anvént mobiler under graviditeten. Exponering fér mobiler har kunnat férknippas
med fordndrad hjarnutveckling hos musfoster och ADHD-liknande beteende hos musungar.

Flera onormala fysiologiska processer och beteendestérningar hos ménniskor med ASD paminner om sddant som kan relateras
till biologisk paverkan och hilsoeffekter av EMF/RFR-exponering. Bade biomarkdrer, sjukdomsmarkdérer och deras kliniska
symtom visar ndmligen slaende likheter. Flera studier pé cell- och molekylniva har hos personer med ASD pavisat oxidativ
stress och skador orsakade av fria radikaler, och dessutom brist p4 antioxidanter sdsom glutation (en peptid). Okade intracellu-
ldra halter av kalcium vid ASD kan ha ett samband med genetiska mutationer, men oftare &r det nog en f61jd av inflammation
eller kemikalieexponering. Andra effekter som kan férekomma &r peroxidation av fettsyror i cellmembranen, stord kalcium-
metabolism, forindrad EEG-aktivitet (hjdrnaktivitet) och ddrav sémnstorning, beteendestéming och nedsatt immunforsvar,
patologiskt ldckage i kritiska barridrer mellan mage och blod samt mellan blod och hjdrna. Mitokondrier kan ha nedsatt funk-
tion och olika stdmingar av immunsystemet kan férekomma. Foriindringar i hjirnan och autonoma nervsystemet kan studeras
med clektrofysiologi och epileptiska anfall &r betydligt mer vanliga hos personer med ASD &n bland befolkningen i stort.
Somurubbningar och hoga stressnivaer ér nést intill en sjilvklarhet vid ASD. Det dr ocksa vildokumenterat att alla dessa
foreteclser kan vara en f6ljd av, eller modifierade av, exponering for EMF eller RFR.

e Barn med neurologiska problem som rér kognition, inlirning, uppmérksamhet, minne, eller beteende méste sa langt
det dr mojligt ha tillgang till trddbundna (inte tradlgsa) miljoer for undervisning, vistelse och sémn.

e Vissa undervisningsrum bor reserveras for strdlningsfri utrustning for att reducera stressfaktorer som kan himma
social utveckling, kunskapsinhidmtning och beteendemdssig anpassning.

e Alla barn maste f2 ett rimligt skydd mot den fysiologiska stressfaktor som patagligt f6rh6jd EMF/RFR
(mobilstralning i skolor eller hemmiljéer) innebir.

o Skolor som nu §verviger att infora fullsténdigt trddldsa undervisningsmiljéer bor kraftfullt uppmanas att behélla
trddbundna uppkopplingar eftersom de hogst sannolikt innebir béttre inldrnings- och undervisningsmiljoer, och
férebygger o6nskade hilsoeffekter bland bade elever och lararkar.

e Den tradiosa teknologins inverkan pd vard- och undervisningsmiljoer bor 6vervakas med avancerade mét- och
analystekniker som baseras pa insikter om de icke-linjdra effekterna av RFR, och med digitala tekniker som &r
lampliga for att urskilja de effektemna.

e Det finns tillrdckligt starka vetenskapliga belidgg for att férorda tridbunden uppkoppling till internet och trddbunden
utrustning for undervisning, framfor dyra och potentiellt ohélsosamma tridlosa 16sningar som si smaningom kan
behova bytas ut.

e Mobilfria undervisningslokaler b&r rimligtvis kunna erbjudas alla elever/studenter som vill avstd fran miljoer med
mobilstralning,

(Herbert och Sage; 2012 — Avsnitt 20)




Allménheten behdver bli medveten om att dessa risker existerar, att Gvergang till tradlds teknik inte kan forutsittas vara riskfri,
och att det 4r vil virt uppoffringen att minimera exponeringar (trots att tekniken innebir férdelar ur undervisningsperspektiv)
eftersom det innebir en gynnsammare miljo for undervisning och beteendeutveckling.

For att minska sarbarheten for exponeringarna foresprakas rekommendationer ur ett bredare perspektiv — att minska allostatisk
belastning (nér stressreaktioner bryter ner kroppen) och att bygga upp aterhdmtningsformégan genom hogkvalitativt néringsin-
tag, att minska exponeringen fr toxiner och smittdmnen, samt undvika stress. Allt detta kan med titigiinglig kunskap genomfo-
ras pé ett tryggt sitt.

E. Beligg for eloverkiinslighet

Den omstridda fridgan om el6verkénslighet ér ett medicinskt tillstand eller inte, och vilka testmetoder som kan lyfta fram
biomarkdérer for diagnostik och behandling, har utretts nidrmare i flera nya studier som presenteras i avsnitt 24 — Key Scientific
Evidence and Public Health Recommendations. Det 4r uppenbart att allt fler ménniskor 6ver hela virlden fér allvarliga och
hammande symtom som har ett samband med exponering fér EMF och RFR. Det finns féga anledning att tvivla pd det.

Den fortsatta massiva utbyggnaden av tridlosa tillimpningar, sirskilt *smarta” elmitare, har utlgst tusentals klagomal 6ver
hélsoproblem och livshimmande symtom nér dessa elmétare har installerats i hemmiljGer.

McCarty et al (2011) har studerat eloverkinslighet hos en patient (en kvinnlig ldkare). Patienten kunde inte avgéra nérvaro
eller frinvaro av EMF-exponering, vilket i stort sett uteslot risken for bias (forutfattad mening). I flera forsék var elfilten
antingen av- eller paslagna och patienten upplevde och rapporterade tilifillig smértkénsla, obehag, 6verhoppade hjirtslag,
muskelryckningar och/eller stark huvudvirk nér ett pulsmodulerat falt (100 millisekunders pulsduration vid 10 Hz) var
péslaget, men inga eller endast svaga symtom nér det var avslaget. Symtomen fran kontinuerliga félt var mindre patagliga dn
vid pulsmodulerade filt. Skillnaden i symtom mellan paslagna eller inte paslagna falt var signifikant vid p <0,05. Férfattarna
drar slutsatsen att eldverkénslighet &r ett neurologiskt syndrom, och statistiskt tillforlitliga kroppsliga (somatiska) reaktioner
kan framkallas hos denna patient vid exponering for elektriska falt pd 60 Hz vid 300 Volt per meter (V/m). En av medforfat-
tarna var Andrew Marino som i en annan artikel (2012) svarade pa kommentarer om hans och McCartys studie med att
“eldverkinslighet kan uppkomma som ett verkligt miljdorsakat neurologiskt syndrom. Vi tillimpade ett empiriskt forhallnings-
- sdtt och kunde pavisa ett orsakssamband (p < 0,05) som tilldter oss att faststilla att eléverkinslighet dr en realitet — ett nytt
neurologiskt syndrom.”

Ett forskarlag ddr Sandstrom, Hansson Mild och Lyskov ingick, producerade mellan 1994 och 2003 ett antal artiklar om el-
6verkinslighet (Lyskov et al, 1995; Lyskov et al, 1998; Sandstrém et al, 1994; Sandstrém et al, 1995; Sandstrém et al, 1997;
Sandstrom et al, 2003). Sandstrém et al 2003 visade att hjdrtrytmrubbningar, t ex strningar av hjértfrekvensens dygnsrytm,

dr vanligt férekommande hos eléverkdnsliga som ocksé visade vissa karakteristiska EKG-avvikelser: "EHS patients had a
disturbed pattern of circadian rythms of HRF and showed a relatively 'flat’ representation of hourly-recorded spectral power
of the HF component of HRV."" Forskarna pavisade ocksé en obalans i det autonoma nervsystemet, med tendens till Gveraktivi-
tet och forhéjd kinslighet for yttre faktorer: "EHS patients have a dysbalance of the autononiic nervous system (ANS) regula-
tion with a trend to hyper-sympathotonia, as measured by heart rate (HR) and electrodermal activity, and a hyperreactivity to
different external physical fuctors, as measured by brain evoked potentials and sympathetic skin responses to visual and audio
stimulation.”

(Lyskov et al 2001 a,b; Sandstrém et al, 1997)

Dessa studier tyder pd att individer som rapporterar att de ar eléverkinsliga kan ha en avvikande funktion i det autonoma nerv-
systenet, vilket kan styrkas med méitmetoder som HRV (hjértfrekvensenvariabilitet).

F. Belagg for effekter av radiofrekvent strilning (RFR) fran mobilmaster

Exponering for mycket ldga RFR-nivéer kan forknippas med bioeffekter och ohilsa. Minst fem nya studier av radiofrekvent
stralning (RFR) frén basstationer har rapporterat om bioeffekter i stralningsomradet mellan 0,01 och 0,5 mW/m?, vilket innebér
ligre nivder d4n vad som rapporterades 2007 (0,5 till 1 mW/m? var omradet under vilket inga effekter dé, 2007, hade observe-
rats). Studier har rapporterat om huvudvirk, koncentrationsproblem och beteendestérningar hos barn och ungdomar, samt
somnstorningar, huvudvirk och koncentrationsprobtem hos vuxna. De officiella grinsvirdena &r 1000 — 10 000 ggr hogre dn
de som nu ofta rapporteras orsaka bioeffekter i studicr om mobilbasstationers strdlning.




G. Belidgg for effekter pd blod-hjirnbarriiren

Ett forskarlag frdn Lunds universitet med Leif Salford, Bertil Persson och Henrietta Nittby har utfort ett pionjirarbete om ef-
fekter av mycket ldga RFR-nivaer pd ménniskohjérnans skyddsbarridr — den som skyddar hjdrnan frén stora molekyler, droger
och toxiner som finns i blodet.

Blod-hjirnbarridren kan vara i fara

Blod-hjambarridren (BHB) 4r ett skyddsvarn som hindrar ett fléde av odnskade substanser fran att na kénslig hjarmvévnad. Om
RFR fran mobiler orsakar dkat lickage i BHB kan det leda till skador pa hjdmans nervceller eller funktioner. Flera forsknings-
studier har visat att mycket lagintensiva RFR-exponeringar kan paverka BHB — de flesta ér djurstudier. Sammanfattningsvis dr
det mer sannolikt &n osannolikt att icke-termisk EMF fran mobiler och basstationer har biologiska effekter. En enda tvatim-
marsexponering for mobilstralning kan leda till kat lickage i BHB och 50 dagar efter exponeringen har nervskador konstate-
ras och vid den senare tidpunkten har éiven lickage av albumin (det vanligast fsrekommande blodproteinet) pavisats. De RFR-
nivaer som #r tilirickliga for att paverka BHB har visat sig vara sa laga som 0,001 W/kg, eller mindre &n exponeringen fran en
mobil pé armlingds avstand. Det amerikanska grinsvirdet (upprittat av US FCC) for SAR 4r 1,6 W/kg, vilket innebéir den
energi som kroppen tar upp varje sekund per kilogram. Motsvarande europeiska grinsvirde (uppritiat av ICNIRP) r 2,0
W/kg. Det innebér att effekterna pa blod-hjambarridren upptriader vid nivaer som ligger ungefédr 1000 ggr ligre 4n de nivaer
som grénsvirdena i USA och Europa tillater.

(Salford et al, 2012)

H. Beliigg for samband med hjarntumorer

Ett forskarlag fran Orebro universitet som leds av Lennart Hardell, en onkolog och medicinsk forskare som har dstadkommit
en extraordindr produktion av arbeten om miljdgifter av olika slag, exempelvis samband mellan radiofrekvent-/mikrovégs-
stralning och cancer. 1 gruppens rapport fran 2012 séigs sammanfattningsvis;

“Det finns ett konsekvent ménster av ett samband mellan Skad risk for gliom (hjdrntumor) och acusticusneurinom (horsel-
nervstumér), och anvindning av mobiler och sladdlésa telefoner: Fynden kommer frramforallt fran tva forskningscentra —
Hardells forskargrupp i Sverige och WHO-studien Interphone. Inget konsekvent minster for riskékning har dock konstaterats
for meningiom (hjdrnhinnetumor). Om riskokningarna hade varit foljden av ett systematiskt fel i studierna skulle det ocksa ha
varit fallet f5r meningiom. Tumdrtyperna visar ocksa olika riskmonster vilket styrker orsakssambanden for gliom och acusti-
cusneurinom. Sammanslagningar av Hardellgruppens och Interphones studier, s.k. metaanalyser, visar ocksa en riskékning for
gliom och acusticusneurinom. Det faktum att tumdrerna dr vanligast i den mest exponerade delen ay hjdrnan ger ytterligare
stdd for den Skade risken, likasd om hénsyn tas till den totala exponeringstiden och den tid det tar for en tumor att utvecklas
tills den kan diagnostiseras. Dessutom ger riskkalkyler baserade pa uppskatiningar av den absorberade dosen ytterligare
tyngd at fynden.”

"Det finns rimlig grund for att dra slutsatsen att RF-EMF dr biologiskt aktivt och har potentiell majlighet att orsaka hélso-
effekter. Resultat fian epidemiologiska studier tyder pd att RF-EMF bér klassificeras som cancerframkallande. Mot bakgrund
av var egen forskning och dversikter av andra forskningsfynd dr de nu gdllande scikerhetsgrinser och referensnivier som
upprdttats av US FCC/IEE och ICNIRP inte tillrdckliga for att skydda folkhdlsan. Gréansvirdena behéver revideras.”
(Hardell et al, 2012; avsnitt 11)

1. Belidigg for genetiska skador (genotoxicitet)

De finns flera hundra publicerade vetenskapliga arbeten som rapporterar att EMF (ELF/RFR) kan paverka oxidativa processer
i cellerna (oxidativa skador). Okad aktivitet av fria radikaler och enzymforandringar som paverkar cellernas oxidativa proces-
ser 4r de tydligaste effekter som observerats i cell- och djurstudier efter EMF-exponering. Aldrande kan vara en faktor som gor
individer kinsligare for de oxidativa effekterna som induceras av ELF/EMF, beroende pa att den antioxidativa kapaciteten
avtar med &ldern. Ett flertal genetiska studier rapporterar om DNA-skador och forlorad férmaga att reparcra dessa skador.

Attiosex (86) nya studier om genotoxiska effekter av RFR har granskats (studierna publicerades mellan 2007 och mitten av
2012). Av dessa redovisar 54 (63 %) effekter av RFR och 32 (37 %) rapporterar inga effekter (Lai, 2012). Under samma
tidsperiod publicerades ocksa 43 studier av genotoxiska effekter av ELF/EMF, vilka likasa har granskats. Av dessa redovisar
35 (81 %) effekter och 8 (19 %) rapporterar inga effekter.

(Lai, 2012 — avsnitt 6)




J. Belidigg for effckter pd nervsystemet

Faktorer som verkar direkt eller indirekt kan orsaka morfologiska, kemiska eller elektriska fordndringar av nervsystemet, vilket
kan leda till neurologiska effekter. Savil radiofrekvent stralning, extremt lagfrekventa fiit (ELF) och §vriga elektromagnetiska
falt (EMF) kan paverka neurologiska funktioner och beteende hos djur och ménniskor.

“Fran och med ar 2007 till och med halvarsskiftet 2012 har det tillkommit 155 nya artiklar som rapporterar om studier pa
neurologiska effekter av radiofirekvent stralning. Av dessa artiklar beskrev 98 (63 %) effekter, medan 57 (37 %) inte pavisade
nagra effekter.

Under samma period tillkom 69 nya artiklar om studier pa neurologiska effekter av ELF och EMF, bland annat tva artiklar om
statiska filt. I 64 (93 %) av dessa beskrevs effekter och fem (7 %) artiklar kunde inte pavisa effekter.”

(Lai, 2012 — avsnitt 9)

K. Belidgg for samband med cancer (barnleukemi)

Med totalt 42 publicerade epidemiologiska studier till dags dato &r lagfrekventa EMF (exempelvis kraftledningar) bland de
mest grundligt studerade miljéfaktorerna. Férutom joniserande strilning finns det ingen miljofaktor som har ett s& sdkerstallt
samband med barnleukemi.

"Det finns tillrickliga beldgg fran epidemiologiska studier for att exponering for EMF (ldgfrekventa magnetfilt) innebdr en
dkad cancerrisk som inte kan forklaras med slump, bias eller andra felkdillor. Dérfor kan, enligt IARC:s stadgar, sadana
exponeringar klassificeras som en "Grupp 1 carcinogen” (cancerframkallande). An sé linge har ingen annan viskfaktor
identifierats som gor det mdjligt att asidosdtta eller forneka behovet av minskad exponering. Ett steg i rikining mot forsiktig-
hetsatgdrder borde vara att infdra eft grinsvirde som garanterar att exponering fran krafiledningar i genomsnitt hamnar
under | mGauss (matt pa magnetisk flidestithet, 1 mG motsvarar 0,1 mT). Det véirdet dr godtyckligt valt och motiveras enbart
av att det i flera studier har utgjort referensvirde.”’

(Kundi, 2012 — avsnitt 12)

L. Melatonin, brdstcancer och Alzheimers sjukdom

Elva av de 13 publicerade epidemiologiska studierna (i bdde hem- och arbetsmiljéer) tyder pa att hoga magnetfilt (extremt
lagfrekventa filt, ELF) kan orsaka sénkt melatoninproduktion. De tva negativa studierna (som inte visade detta samband)

hade avgérande brister som kan forklara de negativa avvikelserna, Det finns tillriickliga belédgg for slutsatsen att lAangvarig
exponering for relativt hoga nivaer av ELF magnetfilt verkligen orsakar sénkt melatoninproduktion. Det har dock inte under-
sokts i vad mén andra faktorer (t. ex. medicinering) har betydelse for den melatonineffekten. Nyligen genomférda laboratorie-
forsok har visat att exponering fér ELF MF (magnetfalt) kan sdnka melatoninaktiviteten genom att utva effekt pa MT1 (viktig
melatoninreceptor). Fem longitudinella studier (studier ddr ménniskor f6ljs under lang tid) har studerat lag melatoninproduk-
tion som en riskfaktor for brostcancer. Resultatet av studierna talar starkt for att lag melatoninproduktion &r en riskfaktor for
bréstcancer atminstone hos dem som har passerat 6vergangséldern.

(Davinopour och Sobel, 2012 — avsnitt 13)

Alzheimers sjukdom: Det finns nu starka beldgg for att hoga plasmanivéer av beta-amyloid 4r en riskfaktor for Alzheimers
sjukdom, och att medelhdg till h6g exponering for magnetfalt kan ge forhdjda plasmanivéer av beta-amyloid. Hoga nivier av
beta-amyloid i hjdrnan ar ocksa en riskfaktor fér Alzheimers, och medelhdog till hog exponering for magnetfilt kan antagligen
Oka hjérncellers produktion av beta-amyloid. Det finns atskilliga djur- och in vitro-studier som talar for att melatonin skyddar
mot Alzheimers. Dérfor 4r det sannolikt majligt att 1dga melatoninnivaer innebdr 6kad risk for Alzheimers.

Det finns nu tolv studier av samband mellan magnetfiltsexponering och Alzheimers eller demens. Nio av dessa studier tyder
pé ett sddant samband, medan tre beddms vara negativa (visar inget samband). De tre negativa studierna har allvarliga brister
betriiffande klassificeringen av magnetfilt, vilket fatt till f6ljd att fors6kspersoner som utsatts for ganska lag exponering har
beddmts vara betydligt mer exponerade. Vad géller radiofrekvent strdlning bedéms studierna som otillrdckliga for att beddma
om stralningen har betydeise for utveckling av Alzheimers sjukdom.

(Davinopour och Sobel, 2012 — avsnitt 13)




M. Stress, stressproteiner och DNA som fraktalantenn

Vilken miljofaktor som helst (EMF, joniserande stralning, kemikalier, tungmetaller etc) som genererar stressproteiner gar inte
att anpassa sig till och dr skadlig, om den &r stdndigt ndrvarande. Vetenskapliga arbeten av Martin Blank och Reba Goodman
vid Columbia University har visat att produktion av stressproteiner utldses av lagfrekventa magnetfilt och radiofrekvent
stralning som ligger langt under nuvarande gransvirden. Dessutom framhaller de att DNA faktiskt dr et utmérkt fraktalantenn
som 4r mycket kénslig for svaga elektromagnetiska filt, vilket kan utlgsa celluldra processer som far tilk f5ljd att individen
hamnar i oavbruten stress. Den dagliga ndrvaron av ELF-EMF och RFR kan forsétta ménniskokroppen i ett tillstind av
“stressproteinreaktion” (rubbning av homeostasen, den biologiska jamvikten) vilket ndrmast dr térnedrande. Denna stindigt
pagédende exponering kan s sméningom resultera i kronisk ohilsa.

"Det verkar som att DNA-molekylen dr sdrskilt kinslig for att skadas av EMF beroende pa att den packas ihop i cellens kéirna
sa att den liknar en lindad spole. Den ovanliga strukturen ger DNA egenskaper som liknar en fraktalantenns och med det fGljer
en kéinslighet for ett brett spektrum av frekvenser. Att DNA har en sadan reaktionsbencigenhet och sarbarhet for EMF
understrvker det angeldgna behovet att revidera grinsvirdena for EMF-exponering for att skydda allmdnheten. Nyligen
genomforda studier har ocksa undersikt egenskaper hos stressproteiner for att utarbeta behandlingar som ska begrinsa
skador av fria radikaler och den dldersrelaterade forlusten av muskelstyrka.”

(Blank, 2012 — Avsnitt 7)

"EMF skadar celler vid exponeringsnivaer som ligger pa en miljarddel av det som krévs fér uppvirmningseffekter.
Grdnsvdrden som baseras pa uppvirmningseffekter dr irrelevanta och kan inte skydda mot exponering for EMF. Det dir
ddrfor angeldget att snarast vevidera grinsvivden for EMF-exponering. Biologiskt baserade griinsvirden for EMI-
exponering bor utarbetas utifiGn forskningsresultat om stressreaktioner.”

(Blank, 2012 — Avsnitt 7)

N. Effekter av svaga filt pa icke-linjéra biologiska oscillatorer och synkroniserad nervaktivitet

En hypotes for en rimlig biologisk mekanism som kan forklara bioeffekter (fsSrutom cancer) av mycket svaga elektromagne-
tiska fdlt, kan finnas i de effekter av svaga filt sdsom puls- eller ELF-modulerad radiofrekvent stralning som kan stéra synkro-
niserad nervaktivitet, Elektriska rytmer i vara hjarnor kan paverkas av yttre signaler. Betta stimmer 6verens med kdnda
effekter av svaga filt pd sammankopplade biologiska oscillatorer (periodiska biologiska aktiviteter) i levande vdvnad. Biolo-
giska system i hjdrta, hjarna och mage ar beroende av samverkande celler som fungerar enligt principerna for icke-linjéra,
sammankopplade biologiska oscillatorer for att kunna synkronisera aktiviteter, och de 4r dven beroende av exakt anpassning
till signaler fran miljon, som kan vara ytterst svaga (Buzsaki, 2006, Strogatz, 2003). Nyckeln till synkroniseringen r att cell-
aktiviteter samordnas med elektriska signaler. P4 s sitt kan ocksé flera biologiska oscillatorer sammankopplas till storre
enheter vars aktiviteter sjilvsynkroniseras. Vissa celler (t ex. hjirtats pacemakerceller) har forméga att generera signaler med
en viss rytmicitet vilket leder till synkronisering av flera celler. Sadana celler kan stéras av artificiella signaler frin omgiv-
ningen, vilket kan leda till desynkronisering av nervaktiviteter som reglerar viktiga funktioner (t ex. imnesomséttning) i
hjdman, magen och hjartat, och dygnsrytmer som styr sémn och hormoncykler (Strogatz, 1987). Hjdrnan innehéller flera
oscillatorer som skickar signaler med olika frekvenser, vilka en efter en samordnas till synkronisering. Strogatz har studerat
dessa biologiska cykler och funnit att yttre faktorer kan stora cyklerna.

"Biologiska rytmer kan paverkas av en mangfald av faktorer, och dessa stérningar kan dastadkonnma allvarliga
Jfordndringar av hjdrnans prestationsformaga.”
(Buzsaki, 2006)

III. EXPONERING FOR ELEKTROMAGNETISKA FALT OCH FOLJDER FOR FOLKHALSAN

Oavbruten exponering for lagintensiv och ELF-modulerad radiofrekvent stralning vid de nivéer som idag &r vanliga i stadsmil-
joer okar riskerna for bade sjukdomar och dodsfall (Sage och Huttunen, 2012). Daglig exponering for radiofrekvent strélning
paverkar ménniskors homeostas. Exponeringen kan paverka och skada gener, trigga epigenctiska effekter (exempelvis avakti-

- vera gencr) och orsaka nya mutationer. Exponeringen kan ocksa stéra normala hjirt- och hjamfunktioner; paverka dygnsrytmer
som reglerar somn, ldkning, dterhdmtning och hormonbalanser; férsdmra korttidsminne, koncentrationsférméga, inlamingsfor-
méga; paverka beteende; framkalla avvikande immunologiska, allergiska och inflammatoriska reaktioner; foréndra hjdrnans
dmnesomsittning; forsdmra fertiliteten (skada spermier och oka risken f6r missfall); och utlgsa produktion av stressproteiner.
Exponeringar som nu &r vanliga i hem- och skolmiljéer kan mycket vil bli fysiologiskt vanebildande och de effekterna 4r sér-
skilt allvarliga hos unga (Sage och Huttunen, 2012).




1v. REKOMMENDERADE ATGARDER
A, Forebyggande dtgirder for minskad exponering av mikrovagsstralning

MIKROVAGSSTRALNING AR KLASSIFICERAT SOM MOJLIGEN CANCERFRAMKALLANDE

— VARFOR GOR INTE BESLUTSFATTARNA NAGOT?

I maj 2011 klassificerade Virldshélsoorganisationens, WHO:s, cancerforskningsorgan IARC radiofrekventa elektromagnetiska
filt som "Mogjligen cancerframkallande”. Klassificeringen giller for radiofrekvent strdlning i allménhet och tiéicker alla mikro-
végssidndande apparater och exponeringskillor (mobiler och sladdlsa telefoner, wifi, barbara datorer, trddldsa surfzoner, baby-
vakter etc.) IARC:s expertgrupp hade kunnat klassificera radiofrekvent strdlning i "Grupp 4 — Inte carcinogent” om underlagen
tydligt hade visat att radiofrekvent stralning inte dr cancerframkallande. De hade ocksa kunnat viélja ”Grupp 3 — Otillrackliga
beldgg” som en provisorisk 16sning. IARC valde ingendera.

NYA GRANSVARDEN MASTE UPPRATTAS ~- HALSOMYNDIGHETER MASTE AGERA NU

De befintliga grinsvirdena (framtagna av US FCC och ICNIRP) récker inte till for att skydda folkhélsan mot oavbruten
exponering fr mikrovégsstralning. Om ingen kurséndring sker betrdffande de befintliga och féréldrade gransvéardena, kommer
dréjsmalet att innebdra dnnu stérre konsekvenser for folkhélsan, allrahelst som allt fler tradlosa applikationer paverkar allt fler
ménniskor ver hela virlden.

VETENSKAPLIGT BELAGDA TROSKELVARDEN PLUS SAKERHETSMARGINAL

=NYA VALGRUNDADE GRANSVARDEN

Hilsomyndigheter och organisationer som beslutar om gransvirden for elektromagnetiska filt och radiofrekvent stralning bor
snarast anta nya, biologiskt relevanta sikerhetsgrinser som motsvarar de ligsta nivderna for hélsoeffekter som observerats i de
senaste studierna, plus en dnnu ldgre niva som extra sikerhetsmarginal. De nu gillande gransvérdena &r alltfsr hoga med flera
tiopotenser, for att kunna forebygga bioeffekter och minimera eller forhindra ohélsoeffekter. De flesta gransvérden r mer dn
tusentals ganger f6r hoga for att skydda en frisk befolkning, och ger &nnu mindre skydd for kinsligare delar av befolkningen.

KANSLIGA BEFOLKNINGSGRUPPER MASTE SKYDDAS
Grénsvirdena behover vara ldgre for de delar av befolkningen som &r extra kénslig &n f6r den friska och vuxna befolkningen.

De kénsligare grupperna omfattar foster, spddbarn, baen, dldre, de som har kroniska sjukdomar och de som har utvecklat el-
6verkinslighet.

SKYDDA UPPVAXANDE GENERATIONER —~ BARNEN

Starka sikerhetsatgarder och tydliga varningar till allménheten dr nédvéndiga for att undvika en global epidemi av hjarmtumo-
rer till f61jd av den 6kande anvdndningen av fraimst mobiler och tradlgsa telefoner. For att skydda foster och nyfédda kan
ménga enkla dtgirder vidtas som att undvika babyvakter i barnsingar och kuvdser med trddlos utrustning. Gravida kvinnor bor
ocksa informeras om vikten av att undvika bérbara datorer, mobiler och andra killor till mikrovagsstralning och magnetfilt.
Birbara datorer och annan tradlés utrustning méste bannlysas frén skolor.

HUR SKA VETENSKAPLIGA RESULTAT BEDOMAS OCH ANVANDAS?
Vid beddmning av vetenskapliga rén méste befolkningens hilsa sittas i forsta rummet. Det far inte negligeras med motive-
ringar som att vissa ron dnnu inte r helt sikerstéillda och méste verifieras i nya studier.

VARNINGAR OM TRADLOS TEKNOLOGI MASTE NA ALLA
Den fortsatta utvecklingen av tradlgsa teknologier och utrustningar utgér en stor risk féir den globala folkhélsan. Darfor maste
betydligt ldgre exponeringsnivaer tillimpas och tydliga varningar om anvéndning av tradigsa teknologier spridas.

MIKROVAGSSTRALNING AR EN TOXISK EXPONERING SOM KAN FORHINDRAS

Vi har kunskaper och mojligheter att skona en global befolkning fran héilsoeffekter som annars kan besta i tlera generationer,
genom att minska exponeringen f6r magnetfilt och radiofrekvent stralning. Omedelbara och forebyggande atgarder som mins-
kar ontdig exponering for mikrovagsstralning kommer att leda till minskad sjukdomsboérda och firre fall av for tidig déd.

B. Faststillande av nya troskelvirden for effekter av radiofrekvent strdlning

[ avsnitt 24 konstateras att den radiofrekventa stralningens troskelvirden for bioeffekter och hélsoeffekter motiverar nya och
ligre gransvirden for radiofrekvent stralning. Vid nya epidemiologiska studier och laboratorieférsék har man funnit effekter pa
minniskor vid ldgre exponeringsnivaer nir studierna har genomforts under lingre tid (oavbruten exponering). Orovickande
iakttagelser tyder pa att spermicr kan skadas av mobiler d&ven om mobilerna endast varit i standby-ldge, och att ménniskor kan
fa halsoproblem av nya typer av tradlgsa sdndare som avger pulsade radiofrekventa filt (exv. ”smarta” elmétare). I bada fallen
har effekter rapporterats dven nér den tidsviktade genomsnittsnivan av radiofrekvent stralning varit obetydlig.




Det ser allt mer rimligt ut att den avgdrande faktorn fér biologiska effekter 4r den oregelbundna (intermittenta) pulsen i radio-
frekvent stralning och inte SAR-virdet. Till exempel skrev Hansson Mild et al (2012) att sémn och testiklarnas funktion inte
kan paverkas av en GSM-mobil eftersom “exponeringen i standby kan anses som férsumbar”. Det kan vara sa att vi, som art
betraktad, dr mer ldttpdverkade én vi har anat for oregelbundna, mycket lagintensiva, radiofrekventa signaler, som da kan pé-
verka viktiga aktiviteter i levande viivnader. Det ir ett misstag att tro att effekter omdjligen kan férekomma bara for att vi inte
kan forklara hur det kan komma sig eller for att det stér var mentala forestillning av hur saker och ting ligger till.

Detta belyser vilken begrinsning det innebér att inte ta hidnsyn till den pulsmodulerade radiofrekventa strélningens karaktés
(oregelbundna, mikrosekundldnga pulser) nir gransvirden diskuteras. Dessa signaler har biologisk aktivitet. Aven om de en-
skilda radiofrekventa pulserna betraktas som obetydliga dr de uppenbarligen inte obetydliga for méanniskokroppen och dess
funktioner.

Av de skilen, och med tanke pa parallella vetenskapliga arbeten om icke-linjéra biologiska oscillatorer och om kopplade oscil-
latorer (Bezsaki, 2006; Strogaz, 2001, 2003), &r det viktigt att tinka framat betrédffande konsekvenserna av de utbredda tradlosa
systemen. Det dr ocksé viktigt att omprova grinsvérden for att ta hdnsyn till kéinsligheten i biologiska system nér exponeringen
ir pulsad och dérfor kan te sig obetydlig nir alla pulser l4ggs samman 6ver tid, men dér varje enskild puls kan vara hogst be-
tydlig for kroppens funktioner. Om det stimmer att svaga filt kan pdverka den samordnade aktiviteten i hjérnans nervceller,
och andra pacemakerceller och vévnader i hjédrta och mage, da &r det littare att forsta hur levande vdvnader kan reagera pa
mycket svag exponering for pulsad radiofrekvent stralning, och dé finns grunden till insikt om vad som fordras av nya, biolo-
giskt baserade grinsvirden.

En sédnkning till en tusendel av rekommendationen i Bioinitiative 2007, fran 1 mW/m? till ca 1 £W/m?, f6r radiofrekvent
stralning utomhus ar motiverat for att skydda folkhélsan. Vi har utgatt frén de vetenskapliga r6n som presenterats i denna
rapport for att identifiera de ldgsta nivierna med biologisk effekt och har sedan lagt till en reduktionsfaktor for att f& en séker-
hetsmarginal, Hér foreslas ett griansvérde {6r utomhusexponering {6r pulsmodulerad radiofrekvent stralning som kan tillimpas
pé mobilmastantenner, wifi, wimax och andra liknande strélningskillor. Mer forskning behovs for att undersska de biologiska
effekterna av oregelbundna radiofrekventa pulser och hur ett skydd i form av grénsvérde kan tas fram.

Ett vetenskapligt referensvérde pa 30 pW/m? for "ldgsta observerade troskelvirde for effekter” av radiofrekvent stralning ar
baserat pa studier med mobilbasstationer. For att kompensera for bristen pa studier av langtidsexponering (som en sikerhets-
buffert vid sténdig exponering) och for bristen péd studier pa barn vilka utgdr en kinslig undergrupp, gjordes ytterligare en tio-
faldig reducering vilket gav en niva pa 3 till 6 mikrowatt per kvadratmeter (3 — 6 pW/m?) vilket &r en rimlig sékerhetsniva for
oavbruten exponering av pulsmodifierad radiofrekvent stralning. Men dessa troskelvirden kan behdva dndras i framtiden néir
nya och bittre studier finns att titlgé.

Hir foljer vad forfattarna skrev 2007 (Carpenter och Sage, 2007, Bioinitiative Report) och det r fortfarande giltigt 2012:
Vi limnar dorven dppen for framtida studier som kan sinka eller hija dagens trdskelviirden for effekter och vi dr beredda att
acceptera ny information som véigledning for nya sdkerhetsdtgérder.
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Parlamentariska forsamlingen

Europaradet

Resolution 1815 (2011)?

De potentiella riskerna med elektromagnetiska fait

och deras inverkan pa miljon

1. Den parlamentariska férsamlingen har flera ganger betonat vikten av staternas
atagande att skydda miljon och miljérelaterad hélsa, sdsom fastslagits i manga
stadgar, konventioner, deklarationer och protokoll sedan FN-konferensen om den
ménskliga miljon och Stockhoimsdeklarationen (Stockholm 1972). Fdrsamlingen
refererar till sitt tidigare arbete pa detta omrade som Rekommendation 1863 (2009)
om miljo och hélsa: om att pa ett battre satt férebygga miljorelaterade halsorisker,
Rekommendation 1947 (2010) avseende buller och ljusféroreningar?
Rekommendation 1885 (2009) om att utarbeta av ett tillaggsprotokoll till den
europeiska konventionen om méanskliga rattigheter angaende ratten till en halsosam
milj6, Rekommendation 1430 (1999) rorande tillgang till information,
medborgardeltagande i miljérelaterat beslutsfattande samt i férekommande fall
mojlighet till rattslig provning — genomférandet av Arhuskonventionen.

2. Mojlig halsopaverkan av mycket lagfrekventa elektromagnetiska falt fran
kraftledningar och elektrisk utrustning ar féremal fér pagaende forskning och
forekommer ofta i den offentliga debatten. Enligt Varldshélsoorganisationen (WHO)
svarar i dag elektromagnetiska falt av alla frekvenser fér en av de vanligaste och
snabbast vaxande miljdeffekter som orsakar 6kande oro och spekulationer hos
allmanheten. Alla ménniskor utsétts idag i varierande grad for elektromagnetiska fatt,
vars nivaer hela tiden 6kar i takt med att tekniken utvecklas.

3. Mobiltelefoni har blivit en vardaglig foreteelse runt om i varlden. Den tradl6sa
tekniken bygger pa ett omfattande natverk av fasta antenner eller basstationer som
kommunicerar med radiofrekventa signaler. | dag finns drygt 1,4 miljoner bas-
stationer, vars antal nu Okar markant i och med inférandet av 3G, tredje
generationens teknik. Andra tradlésa natverk med snabb uppkoppling till Internet och
andra tjanster blir ocksa allt vanligare i hemmen, pa kontor och i det offentliga
rummet (flygplatser, skolor, bostads- och stadsomraden). Med denna utbyggnad av
basstationer och lokala natverk utséatts naturligtvis manniskor fér 6kad radiofrekvent
stralning.

4. Medan a ena sidan elektriska och elekiromagnetiska falt av vissa frekvensband
bara har positiva effekter som anvands inom medicinen, forefaller icke-joniserande
stralning pa andra frekvenser ha mer eller mindre potentiellt skadliga effekter. Har ror
det sig bade om extremt laga frekvenser fran elledningar, och héga som inom radar,

1 Text antagen av den Permanenta Kommitién pd uppdrag av Parlamentariska forsamlingen, den 27 maj 2011 (se dok.
12608, betdnkandet fran Kommittén f6r miljo, jordbruk och lokala och regionala frigor, fredragande: Huss).

2 Storande artificiellt ljus. Overs. anm.
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telekommunikation och mobiltelefoni. Det &r fraga om en mer eller mindre potentiellt
skadlig icke-termisk biologisk paverkan saval pa véxter, insekter och djur som pa den
manskliga kroppen, dven nar de utsatts for nivaer som ar lagre &n de officiella
gransvardena.

5. Nar det géller de officiella grénsvardena fér emission av elektromagnetiska falt av
alla typer och frekvenser, rekommenderar Parlamentariska férsamlingen starkt att
ALARA-principen tillampas (= as low as reasonably achievable?®), och detta géller da
badde de s.k. termiska och de icke-termiska eller biologiska effekterna av
elektromagnetisk stralning. Dessutom skall forsiktighetsprincipen tillampas nar
vetenskaplig forskning inte med tillrédcklig sékerhet kan fastsla skadeeffekter. Med
tanke pa manniskors 6kande exponering for elektromagnetisk stralning, speciellt
ungdomar och barn, skulle det kunna resultera i extremt héga manskliga och
ekonomiska kostnader om man inte beaktar tidiga varningar.

6. Parlamentariska férsamlingen beklagar att trots uppmaningar om att beakta
forsiktighetsprincipen, och trots alla rekommendationer, deklarationer och vissa fram-
steg inom lagstiftningsarbetet, rader det fortfarande en ganska ljum reaktion visavi
kadnda och nya milj6- och hélsorisker. Férseningar & mer regel &n undantag nar det
galler att anta och genomféra effektiva férebyggande atgarder. Att invanta hog
bevisniva fran vetenskaplig och klinisk forskning innan man gar till handling for att
forhindra vélkadnda risker, kan leda till utomordentligt héga framtida kostnader av
bade ekonomisk och ménsklig art, sdsom det en gang skedde i frdgan om asbest,
blyad bensin och tobak.

7. Parlamentariska férsamlingen konstaterar ocksa att problemet med elektro-
magnetiska falt eller vagor och deras eventuella félider for miljé och hélsa har tydliga
paralleller med andra aktuella fragor, sasom licensiering av lakemedel, kemikalier,
bekdmpningsmedel, tungmetaller eller genmodifierade organismer. Darfér menar
man att den vetenskapliga expertisens trovardighet och oberoende &r avgérande fér
att uppna en 6ppen och balanserad bedémning av méjliga negativa effekter pa miljé
och méanniskors halsa.

8. Med hansyn till det ovan anférda rekommenderar Parlamentariska férsamlingen
medlemsstaterna i Europaradet foljande:

8.1. att allmant:

8.1.1. vidtaga alla rimliga atgarder for att minska exponering for elektromagnetiska
falt, sarskilt for radiofrekvenser fran mobiltelefoner, och i synnerhet exponering nar
det géller barn och ungdomar som férefaller att ha storst risk att utveckla
hjarntumorer,;

8.1.2. ompréva de nuvarande vetenskapliga normerna fér exponering for elektro-
magnetiska falt som &ar satta av Internationella kommissionen fér skyddet mot icke-
joniserande stralning®, vilka i dag har allvarliga brister; vidare att tillampa ALARA-

3 Ung: "sd lagt som rimligen dr méjligt”, overs. anm.
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principen, som omfattar saval termiska effekter som icke-termiska eller biologiska
effekter av elektromagnetiska emissioner eller stralning;

8.1.3. inféra informations- och upplysningskampanjer om riskerna med potentiellt
skadliga langsiktiga biologiska effekter pa miljo och manniskors héalsa, sarskilt med
inriktning pa barn, tonaringar och unga manniskor i fertil alder;

8.1.4. agna sarskild uppmarksamhet at eldverkénsliga manniskor som lider av ett
syndrom som medfdr dverkénslighet mot elektromagnetiska falt och inféra sérskilda
atgarder for att skydda dem, inklusive att inratta stralningsfria zoner som inte tacks
av tradlésa natverk;

8.1.5. i syfte att minska kostnader samt att spara energi och skydda miljé och
manniskors hélsa, intensifiera forskning om nya typer av antenner, mobil- och DECT-
telefonutrustning, samt att uppmuntra forskning inriktad pa att utveckla telekom-
munikation som bygger pa andra tekniker som ar lika effektiva, men vars effekter ar
mindre negativa fér miljé och hélsa;

8.2. i fraga om privat anvandning av mobiltelefoner, tradlosa DECT-telefoner,
WiFi, WLAN och WIMAX for datorer och annan ftradldés utrustning, som
elektroniska barnvakter:

8.2.1. i Overensstdmmelse med forsiktighetsprincipen, satta férebyggande gréans-
varden avseende langtidsexponering fér mikrovagor i all inomhusmiljo, vilka inte far
overstiga 0,6 volt per meter, och pa medellang sikt minska det till 0,2 volt per meter;

8.2.2. genomféra 1&mplig riskbeddmning for all ny typ av elektrisk utrustning innan
licensiering;

8.2.3. inféra tydlig markning, som anger férekomst av mikrovagor eller elektro-
magnetiska falt, utsand effekt eller SAR’-vardet for utrustningen samt eventuella
héalsorisker i samband med dess anvandning;

8.2.4. 6ka medvetenheten om potentiella halsorisker med tradlésa DECT- telefoner,
babyvakter och andra hushallsapparater som avger kontinuerligt pulsade vagor, om
dessa standigt star i standby, och rekommendera anvéandning av tradbundna, fasta
telefoner i hemmet, eller, om det ej ar mgjligt, atminstone rekommendera modeller
som inte standigt avger pulsade vagor;

8.3. angaende skydd av barn:

8.3.1. att inom departement och ministerier (som utbildning, miljé och hélsa) utarbeta
riktade informationskampanjer till larare, foérédldrar och barn f6r att goéra dem
uppmarksamma pa de sérskilda riskerna med tidig, ogenomtankt och langvarig
anvandning av mobiltelefoner och andra produkter som avger mikrovagor;

4 TInternational Comumission on Non-Tonizing Radiation Protection = ICNIRP

5 Specific Absorption Rate = madtt pa den energi kroppen absorberar i t.ex. hjdman, blod, hud och muskler vid bestrélning.
Anges | Watt per kg (W/kg). Overs. anm.
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8.3.2. fér barn i allménhet och speciellt i skolor och klassrum, prioritera tradbundna
Internetanslutningar, samt att strikt reglera skolbarns anvéndning av mobiltelefoner
pa skolomradet;

8.4. avseende planering av elledningar och lankantenner®/basstationer:

8.4.1. att vid stadsplanering se till att hdgspanningsledningar och andra elektriska
installationer placeras pa ett sakert avstand fran bostader;

8.4.2. tillampa strikta sékerhetsnormer for hélsoeffekter av elektriska system i nya
bostader;

8.4.3. sdnka gransvardena for basstationsantenner i enlighet med ALARA-principen
och installera system f6r heltdickande och kontinuerlig 6évervakning av alla typer av
antenner;

8.4.4. bestdmma placering av nya GSM, UMTS, WiFi eller WIMAX-antenner i samrad
med lokala och regionala myndigheter, lokala invanare och sammanslutningar av
engagerade medborgare, och inte endast med hansyn till operatérernas 6nskemal;

8.5. om riskbedémning och forsiktighetsatgéarder:
8.5.1. se till att riskbedémningen far en mer férebyggande inriktning;

8.5.2. forbéattra riskbeddmningars kvalitet genom att skapa en normativ riskskala i
syfte att géra den framtagna risknivan obligatorisk, samt att ge i uppdrag att studera
flera olika riskhypoteser och stéllningstaganden, och darvid beakta éverensstdmmel-
se med verkliga forhallanden;

8.5.3. fasta avseende vid och skydda forskare som "hojer ett varnande finger” pa ett
tidigt stadium;

8.5.4. formulera en pa manskliga rattigheter inriktad definition av forsiktighets- och
ALARA-principerna;

8.56.5. dka offentlig finansiering av oberoende forskning, i synnerhet genom bidrag
fran industrin och beskattning av de produkter som ar féremal for offentlig forskning i
syfte att utvardera héalsorisker;

8.5.6. skapa oberoende namnder for tilldelning av offentliga medel;
8.5.7. se ill att insyn i lobbygrupperna blir obligatorisk;

8.5.8. framja mangsidiga och fria, éppna debatter mellan alla typer av aktorer,
inklusive fran det civila samhallet (Arhus-konventionen).

6 Toriginaltexten star det "Relay Antenna”, det anviinds vanligen om radiolinkantenner, men ibland dven for vanlig
basstationsantenn. I praktiken ir de ofta placerade i samma mast. Overs. anm.
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Abstract: Chronic diseases and illnesses associated with
non-specific symptoms are on the rise. In addition to
chronic stress in social and work environments, physi-
cal and chemical exposures at home, at work, and during
leisure activities are causal or contributing environmen-
tal stressors that deserve attention by the general practi-
tioner as well as by all other members of the health care
community. It seems necessary now to take “new expo-
sures” like electromagnetic fields (EMF) into account.
Physicians are increasingly confronted with health prob-
lems from unidentified causes. Studies, empirical obser-
vations, and patient reports clearly indicate interactions
between EMF exposure and health problems. Individual
susceptibility and environmental factors are frequently
neglected. New wireless technologies and applications
have been introduced without any certainty about their
health effects, raising new challenges for medicine and
society. For instance, the issue of so-called non-thermal
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as courts of law, We recommend treating EHS clinically as
part of the group of chronic multisystem illnesses (CMI),
but still recognizing that the underlying cause remains
the environment. In the beginning, EHS symptoms occur
only occasionally, but over time they may increase in fre-
quency and severity. Common EHS symptoms include
headaches, concentration difficulties, sleep problems,
depression, a lack of energy, fatigue, and flu-like symp-
toms. A comprehensive medical history, which should
include all symptoms and their occurrences in spatial and
temporal terms and in the context of EMF exposures, is
the key to making the diagnosis. The EMF exposure is usu-
ally assessed by EMF measurements at home and at work.
Certain types of EMF exposure can be assessed by asking
about common EMF sources, It is very important to take
the individual susceptibility into account. The primary
method of treatment should mainly focus on the preven-
tion or reduction of EMF exposure, that is, reducing or
eliminating all sources of high EMF exposure at home and
at the workplace. The reduction of EMF exposure should
also be extended to public spaces such as schools, hos-
pitals, public transport, and libraries to enable persons
with EHS an unhindered use (accessibility measure). If
a detrimental EMF exposure is reduced sufficiently, the
body has a chance to recover and EHS symptoms will be
reduced or even disappear. Many examples have shown
that such measures can prove effective. To increase the
effectiveness of the treatment, the broad range of other
environmental factors that contribute to the total body
burden should also be addressed. Anything that supports
homeostasis will increase a person’s resilience against
disease and thus against the adverse effects of EMF expo-
sure. There is increasing evidence that EMF exposure has
a major impact on the oxidative and nitrosative regula-
tion capacity in affected individuals. This concept also
may explain why the level of susceptibility to EMF can
change and why the range of symptoms reported in the
context of EMF exposures is so large. Based on our current
understanding, a treatment approach that minimizes the
adverse effects of peroxynitrite — as has been increasingly
used in the treatment of multisystem illnesses — works
best. This EMF Guideline gives an overview of the current
knowledge regarding EMF-related health risks and pro-
vides recommendations for the diagnosis, treatment and
accessibility measures of EHS to improve and restore indi-
vidual health outcomes as well as for the development of
strategies for prevention.

Keywords: accessibility measures; Alzheimer’s disease;
cancer; chronic multisystem illnesses (CMI); diagnosis;
electric; electromagnetic field (EMF); electromagnetic
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hypersensitivity (EHS); infertility; leukemia; magnetic;
medical guideline; nitrosative stress; mnon-ionizing;
oxidative stress; peroxynitrite; prevention; radiation;
static; therapy; treatment.

Current state of the scientific and
political debate about EMF-related
health problems from a medical
perspective

Introduction

The Environmental Burden of Disease Project assessed
the influence of nine environmental stressors (benzene,
dioxins including furans and djoxin-like PCBs, second-
hand smoke, formaldehyde, lead, noise, ozone, particu-
late matter and radon) on the health of the population of
six countries (Belgium, Finland, France, Germany, Italy,
and the Netherlands). Those nine environmental stressors
caused 3%-7% of the annual burden of disease in the six
European countries (1).

The Bundespsychotherapeutenkammer (BPtK) study
in Germany showed that mental disorders had increased
further and especially burnout as a reason of inability
to work increased seven-fold from 2004 to 2011 (2). In
Germany, 42% of early retirements in 2012 were caused by
mental disorders, depression being the leading diagnosis
(3). In Germany, psychotropic drugs are in third place for
the prescriptions of all drugs (4).

The consumption of methylphenidate (Ritalin,
Medikinet, Concerta), a psychotropic drug prescribed as
a treatment for attention deficit hyperactivity disorder
(ADHD) especially for young children and adolescents,
has increased alarmingly since the early 1990s. Accord-
ing to statistics of the German Federal Institute for Drugs
and Medical Devices (Bundesinstitut fiir Arzneimittel
und Medizinprodukte), prescriptions have increased
even more dramatically since 2000 and reached a climax
in 2012. In 2013, only a slight decline in the number of
prescriptions was observed (5). Interestingly, the rapid
increase in the use of methylphenidate coincides with
the enormous expansion of mobile telecommunication
and other related technologies, posing an open research
question.

In Germany, work disability cases and absence days
due to mental health disorders more than doubled from
1994 to 2011 (6). In the Organization for Economic Co-
operation and Development (OECD) countries, a huge
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variability in the prescription of antidepressants has
occurred and generally an increasing trend has been
observed, Socioeconomic status and therapeutic stand-
ards cannot fully explain these observations (7). Func-
tional disturbances like chronic inflammation and
changes of neurotransmitter functions caused by environ-
mental influences have hardly been investigated.

A steady increase in the prevalence of allergic/
asthmatic diseases globally has occurred, with about
30%-40% of the world population now being affected by
one or more allergic/asthmatic conditions (8).

It is suspected that environmental conditions such as
the increasing exposure of the population to electromag-
netic fields (EMFs) play a causal role for EMF-related health
effects (9-12), including exposure to radio-frequency radi-
ation (RF), which emanates from, e.g. cordless phones
(DECT), mobile phone base stations, and mobile phones
(GSM, GPRS, UMTS, LTE), especially smartphones, data
cards for laptop and notebook computers, wireless LAN
(Wi-Fi), wireless and powerline communication-based
smart meters, but also exposure to extremely low fre-
quency (ELF) electric fields (EF) and magnetic fields (MF)
including “dirty electricity”, which emanate from distur-
bances on electric wiring, power lines, electric devices,
and other equipment. For the society and the medical
community, all of this raises new challenges.

While hiophysical and biochemical mechanisms of
biological effects of EMF at low-intensity levels are not
exactly known, significant progress has been achieved in
the last decades, and there are numerous data indicating
that these mechanisms may overlap for ELF and RF effects
{13-18). In the following sections, we provide some back-
ground information on important aspects of EMF biologi-
cal effects. However, this must not be misunderstood as a
full review of the evidence. We do not always strictly dif-
ferentiate between RF and ELF fieids because of the above
mentioned overlap in biological mechanisms. It should
also be mentioned here that very specific exposure condi-
tions may trigger biological responses in one individual,
but not in others. Anecdotal reports, however, indicate
that such individual responsiveness or susceptibility does
expand over time and the intolerance then extends over a
broad range of exposure conditions.

Chronic diseases and illnesses associated with unspe-
cific symptoms are on the rise. In addition to chronic stress
in social and work environments, physical and chemical
exposures at home, at work, and during leisure activities
are causal or contributing environmental stressors that
deserve attention by the general practitioner as well as by
all other members of the health care community. It seems
certainly necessary now to take “new exposures” like EMF
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into account, or as stated by Hedendahl et al. (19): “It is
time fo consider ELF EMF and RF EMF as environmental
pollutants that need to be controlled”.

Worldwide statements of organizations
regarding EMF

The recommendations of the World Health Organization
(WHO) regarding ELF electric and magnetic fields and RF
radiation, compiled by the International Commission on
Non-lonizing Radiation Protection (ICNIRP) (20, 21), are
based on currents induced in the body (ELF) and thermal
effects (RF).

Thermal effects are defined as effects that originate in
elevated temperatures from the absorption of electromag-
netic energy. The specific absorption rate (SAR) is defined
as the rateof absorption of electromagnetic energy in a unit
mass of biological tissue. It is proportional to the incre-
mental temperature increase in that tissue. Indeed while
a significant temperature increase must be avoided as it
can be of immediate adverse health consequences (tissue
necrosis, cardiac stress, etc.) exposures can be without
(measureable) temperature increase either because of heat
dissipation or because the exposure is too low to be associ-
ated with relevant heating. The latter type of exposure is
termed non-thermal. Biological and health-relevant effects
at non-thermal levels have been shown and discussed by
many research groups all over the world (9, 10, 22-24).

The ICNIRP recommendations were adopted by
the EU in its Council Recommendation of 1999, without
considering long-term non-thermal effects. However, it
should be stressed that at an international EMF confer-
ence in London (2008), Professor Paolo Vecchia, ICNIRP
Chairman from 2004 to 2012, said about the exposure
guidelines “What they are not”: “They are not mandatory
prescriptions for safety”, “They are not the’ ‘last word’ on
the issue”, and “They are not defensive walls for industry
or others” (25).

For all RF-based non-thermal EMF effects, SAR esti-
mates are not an appropriate exposure metric, but instead
either the field intensity or power density (PD) in combi-
nation with exposure duration should be used in safety
standards (26, 14, 27). In contrast to the ICNIRP guidelines,
the Russian safety standards, are based on non-thermal
RF eftects, which were obtained by several research insti-
tutes in the former Soviet Union during decades of studies
on chronic exposures to RF (28, 29).

In contrast to the WHO headquarter in Geneva, the
International Agency for Research on Cancer (IARC), a
WHO-affiliated specialized agency in Lyon, classified
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extremely low frequency magnetic fields (ELF MF) as pos-
sibly carcinogenic to humans (Group 2B) in 2002 (30) and
radio-frequency radiation in 2011 (24).

It should be noted that, during the last 20 years, more
than 20 position papers and resolutions regarding EMF
and health have been adopted by EMF researchers and
physicians. These include the Vienna EMF Resolution,
Austria, 1998; Stewart Report, UK, 2000; Salzburg Reso-
lution, Austria, 2000; Freiburg Appeal, Germany, 2002;
Catania Resolution, Italy, 2002; Irish Doctors’ Environ-
mental Association Statement, Ireland, 2005; Helsinki
Appeal, Finland, 2005; Benevento Resolution, Italy, 2006;
Venice Resolution, Italy, 2008; Porto Alegre Resolution,
Brazil, 2009; Russian National Committee on Non-Ioniz-
ing Radiation Protection Resolution, Russia, 2001; Inter-
national Doctors’ Appeal, Europe, 2012; and the Report of
the Standing Committee on Health, Canada, 2015 (31-34).

In August 2007 and December 2012, the Biolnitiative
Working Group, an international group of 29 experts with
different competences, published two groundbreaking
reports “Biolnitiative 2007/resp. 2012 —~ A Rationale for a
Biologically-based Public Exposure Standard for Electro-
magnetic Fields (ELF and RF)” edited by Cindy Sage and
David O. Carpenter, calling for preventive measures against
EMF exposure based on the available scientific evidence
(9, 10). The Biolnitiative reports are global milestones with
respect to a comprehensive review of biological effects and
health effects of low-intensity electromagnetic radiation
as well as the conclusions and recommendations given for
the public. The Biolnitiative report 2012 includes sections
on the evidence for effects on: gene and protein expres-
sion, DNA, immune function, neurology and behavior,
blood-brain barrier, brain tumors and acoustic neuromas,
childhood leukemia, melatonin, Alzheimer’s disease,
breast cancer, fertility and reproduction, fetal and neo-
natal disorders, autism, disruption by the modulating
signal, EMF medical therapeutics, as well as sections on:
statement of the problem, the existing public exposure
standards, evidence for inadequacy of the standards, the
precautionary principle, global public health examples,
key scientific evidence and public health recommenda-
tions, and summary for the public and conclusions.

As it is mostly neglected as a health hazard, the Euro-
pean Environment Agency compared the risks of non-ioniz-
ing radiation (EMF) to other environmental hazards such as
asbestos, benzene, and tobacco, urgently recommending to
implement a precautionary approach regarding EMF (35).
This position was confirmed and elaborated more compre-
hensibly in further publications in 2011 and 2013 (36, 37).

In September 2008, a statement of the European Par-
liament called for a review of the EMF limits set out in the
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EU Council Recommendation of 1999, which was based on
the ICNIRP guicelines, with reference to the BioInitiative
Report (38). This was further strengthened in the Euro-
pean Parliament resolution of April 2009 (39).

At the meeting in November 2009 in Seletun, Norway,
a scientific panel adopted a Consensus Agreement that rec-
ommends preventative and precautionary actions that are
warranted now, given the existing evidence for potential
global health risks from EMF exposure (40). Besides general
and specificrecommendations, e.g. for mobile and cordless
phone use, the panel recommended exposure limits for
ELF magnetic fields and radio-frequency radiation. it was
stated by the panel: “Numeric limits recommended here
do not yet take into account sensitive populations (EHS,
immune-compromised, the fetus, developing children, the
elderly, people on medications, etc.). Another safety margin
is, thus, likely justified further below the numeric limits for
EMF exposure recommended here”.

Since 2007 the Highest Health Council of the Ministry
of Health in Austria has recommended to take preventive
action by reducing exposure levels from RF devices which
may lead to long-term human exposure of at least a factor
of 100 below the guideline levels of the European Com-
mission and by issuing rules on how to reduce one’s indi-
vidual exposure to RF radiation from mobile phones (41).

In May 2011, the Parliamentary Assembly of the
Council of Europe adopted the report “The Potential
Dangers of Electromagnetic Fields and their Effects on the
Environment” (42), The Assembly recommended many
preventive measures for the member states of the Council
of Europe with the aim to protect humans and the envi-
ronment, especially from high-frequency electromagnetic
fields such as: “Take all reasonable measures to reduce
exposure to electromagnetic fields, especially to radiofre-
quencies from mobile phones, and particularly the exposure
of children and young people who seem to be most at risk
from head tumors”, or “Pay particular attention to ‘electro-
sensitive’ people who suffer from a syndrome of intolerance
to electromagnetic fields and introduce special measures to
protect them, including the creation of wave-free areas not
covered by the wireless network”.

Recognizing that patients are being adversely affected
by EMF exposure, the American Academy of Environ-
mental Medicine (AAEM) published recommendations
regarding EMF exposure in July 2012. The AAEM called
for physicians to consider electromagnetic exposure in
diagnosis and treatment and to recognize that EMF expo-
sure “may be an underlying cause of the patient’s disease
process” (43).

Since 2014, the Belgian government has prohibited the
advertising of mobile phones for children under the age of

- 10.1515/reveh-2016-0011
Downloaded from PubFactory at 09/06/2016 10:22:29AM
via free access




DE GRUYTER

7 and has required the specific absorption rate (SAR) of
mobile phones be listed. Furthermore, at the point of sale,
well-marked warnings must be posted that instruct users
to use headsets and to minimize their exposure (44).

In January 2015, the French parliament adopted a
comprehensive law that protects the general public from
excessive exposure to electromagnetic waves. Among
other things, it was passed to ban Wi-Fi in nurseries for
children under the age of 3 and to enable Wi-Fi at primary
schools with children under the age of 11 only when used
specifically for lessons. Public places offering Wi-Fi must
clearly advertise this fact on a sign. At the point of sate of
mobile phones, the SAR value must be clearly shown. In
the future, any mobile phone advertisement must include
recommendations on how users can reduce RF radiation
exposure to the head such as the use of headsets. Data on
local EMF exposure levels shall be made more easily acces-
sible to the general public, among others, through country-
wide transmitter maps. Also, the French government will
have to submit a report on electromagnetic hypersensitiv-
ity to the parliament within a year (45).

As of February 2016, 220 scientists from 42 coun-
tries have signed an international Appeal, directed to
the United Nations (UN) and WHO, calling for protec-
tion from non-ionizing electromagnetic field exposure.
The appeal addresses the scientifically proven effects
on health and the inadequate international guidelines
(ICNIRP).to date and their use by the WHO. In addition,
nine requests were made, including that: “the public be
fully informed about the potential health risks from elec-
tromagnetic energy and taught harm reduction strategies”
and that “medical professionals be educated about the
biological effects of electromagnetic energy and be pro-
vided training on treatment of patients with electromag-
netic sensitivity” (46).

In September 2015 an International Scientific Decla-
ration on Electromagnetic Hypersensitivity and Multiple
Chemical Sensitivity was published by the Scientific Com-
mittee following the 5th Paris Appeal Congress, which
took place on 18 May 2015 at the Royal Academy of Medi-
cine, Brussels, Belgium. It calls upon national and inter-
national agencies and organizations to recognize EHS and
multiple chemical sensitivity as a disease and urges par-
ticularly the WHO to include EHS and MCS in the Interna-
tional Classification of Diseases. [t also asks national and
international agencies and organizations to adopt simple
precautionary measures of prevention, to inform the
public, and to appoint truly independent expert groups to
evaluate these health risks based on scientific objectivity,
which is not the case today (47).
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EMF and cancer

Except for a few investigations in occupational settings,
epidemiological research of EMF started in 1979 when
Wertheimer and Leeper published their study about the
relationship between the proximity to so-called power
line poles (ELF MF) with “service drop” wires and the
occurrence of childhood cancer (specifically leukemia
and brain tumors) (48). At the same time Robinette et al.
studied mortality in a cohort of Korean War veterans
having been trained on military radars (RF) in the early
1950s (49). Both studies found indications of increased
risks and initiated a new era of studying health-relevant
effects from exposure to EMFs.

ELF MF

In the following years, a large number of investigations
about the relationship between chitdhood leukemia and
extremely low frequency magnetic fields (ELF MF) have
been published. However, the results seemed inconsist-
ent until in 2000 two pooled analyses (50, 51) were con-
ducted, providing little indication of inconsistency and
demonstrating an increase of leukemia risk with increas-
ing average exposure levels that was significant for levels
above 0.3 or 0.4 uT relfative to averages below 0.1 uT but
without indication of a threshold. Based on these find-
ings, the International Agency for Research on Cancer
(IARC) classified ELF MF in 2002 as a Group 2B (possible)
carcinogen (30). To this category belong, e.g. lead, DDT,
welding fumes, and carbon tetrachloride.

Since then additional epidemiological studies have
been conducted that gave essentially the same results
(52, 53). The only study to date on the gene-environment
interaction in relation to power-frequency MF reported a
significant effect enhancement in children with a poly-
morphism in a DNA-repair gene (54). In a review on child-
hood leukemia and ELF MF, Kundi concluded that there
is sufficient evidence from epidemiological studies of an
increased risk for childhood leukemia from exposure to
power-frequency MF that cannot be attributed to chance,
bias, or confounding. Therefore, according to the rules of
IARC, such exposures ought to be classified as a Group 1
(definitive) carcinogen (55).

The Biolnitiative Report 2012 (56) stated: “Children
who have leukemia and are in recovery have poorer sur-
vival rates if their ELF exposure at home (or where they are
recovering) is between ImG [0.1 uT] and 2 mG (0.2 uT} in
one study; over 3 mG [0.3 uT] in another study” (56).
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RF

There were several mechanisms identified which might be
responsible for carcinogenic effects of RF (23). Epidemio-
logical studies of RF before the general rise in exposure
to mobile telecommunication devices was very restricted
and only a few studies had been conducted in the vicin-
ity of radio transmitters, radar stations, for occupational
exposures, and in radio amateurs. After the introduction
of digital mobile telephony, the number of users of mobile
phones increased dramatically and it was recommended
in the 1990s to perform epidemiological studies with a
focus on intracranial tumors. Since the first publication
in 1999 by the Swedish group of Prof. Lennart Hardell
(57), about 40 studies have been published. The majority
of these studies investigated brain tumors, but salivary
gland tumors, uveal melanoma, malignant melanoma
of the skin, nerve sheath tumors, testicular cancer, and
lymphoma were also studied. Many of these studies are
inconclusive because exposure durations are too short;
however, two series of investigations, the international
Interphone Study conducted in 13 countries and the
Swedish studies of the Hardell group, had a significant
proportion of long-term mobile phone users and could
in principle be used for risk assessment. In 2011, [ARC
classified radio-frequency electromagnetic fields (RF) as
a Group 2B carcinogen based on evidence from epide-
miological studies and animal experiments (24). Since
then, additional studies have corroborated the assump-
tion of a causal relationship between mobile phone use
and cancer (58~60). Hardell and Carlberg (61) concluded
that RF EMF ought to be classified as a definitive human
carcinogen {IARC Group 1). The evidence for a causal rela-
tionship between long-term mobile and cordless phone
use and the risk of glioma has increased further: in 2014,
a study by Carlberg and Hardell (62) showed significantly
decreased survival rates in patients with glioblastoma
multiforme (astrocytoma grade IV) and the use of wireless
phones and, in 2015, another pooled case-control study
by Hardell and Carlberg (63) including latency periods
of >25 years,

That also other tumors might be related to EMF expo-
sureis exemplified by the observation in women who have
worn their mobile phone in their bra for prolonged periods
of time and later developed breast cancer at that site (64).

The Italian Supreme Court confirmed a previous deci-
sion by the Civil Court of Appeals of Brescia (no. 614 of
10 December 2009) that ruled that the National Institute
for Workmen’s Compensation (INAIL) must compensate
a worker who had developed a tumor in the head due to
long-term, heavy use of mobile phones while on the job.
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The case was an ipsilateral neuroma of the trigeminal
nerve in a subject who had occupational exposure for
>10 years, with >15,000 h on mobile and cordless phones.
The court recognized that “it is likely (qualified probabil-
ity) that RF have a role which is at least contributory in
the development of the origin of the tumor suffered by the
subject” (65).

Many modern devices emit EMF of different frequency
ranges simultaneously. For example, mobile phones
create EMF in RF, VLF, and ELF frequency ranges and also
a static magnetic field; for a review see (23). Therefore, it is
important to consider combined exposures for the assess-
ment of health effects.

Genotoxic effects

Genotoxic effects of EMF dealing with DNA damage,
mutations, chromatin structure, and DNA repair have
recently been reviewed by Henry Lai in the Bioinititive
Report (66) and by the [ARC Working Group in the assess-
ment of RF carcinogenicity (24). In general, about half of
the available studies found genotoxicity (positive reports),
although other studies did not (negative reports) (23). Of
note, a similar ratio of positive and negative RF studies
was reported for other biological endpoints (67-69). The
evident reason for this eventual inconsistency is strong
dependence of the EMF effects on a number of physical
and biological parameters, which significantly varied
between studies. These dependencies were established
for both ELF (70-72) and RF effects (24, 27).

Among other parameters, in human lymphocytes, an
individual variability in chromatin response to ELF has
been reported, which might suggest a stronger response in
cells from EHS individuals (72). The same research group
performed comparative studies on genotoxicity with cells
from EHS and carefully matched control subjects (73-75).
The response of lymphocytes to RF from GSM mobile
phones (915 MHz) and power-frequency magnetic fields
(50 Hz) was investigated (73). The 53BP1 protein, which
participatesin the formation of DNA repair foci at the loca-
tion of DNA double-strand breaks (DSB), was analyzed by
immunostaining in situ. Exposure to either 915 MHz or
50 Hz significantly condensed chromatin and inhibited the
formation of DNA repair foci. The EMF-induced responses
in lymphocytes from healthy and hypersensitive donors
were similar but not identical to the stress response
induced by heat shock. The effects of GSM on chroma-
tin and DNA repair foci in lymphocytes from EHS were
further confirmed (74, 75). Although individual variability
was observed, effects of RF from mobile phones strongly
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depended on the carrier frequency/frequency channel
(74-77). Regardless of the cell type (human lymphocytes,
fibroblasts, or stem cells), the effects at the 905 MHz/
GSM channel 74 on DNA repair foci and chromatin were
consistently lower as compared to the effects at the 915
MHz/GSM channel 124. The data also indicated stronger
effects of exposure to RF from UMTS mobile phone radia-
tion at the frequency of 19474 MHz. These data provided
evidence that different frequency channels of different
types of mobile communications technologies should be
tested separately in provocation studies with EHS. While
some minor differences were detected, very similar ELF/
RF effects were observed in cells from EHS and matched
control subjects. It is likely that compensatory reactions
at a more complex level of biological organization such
as reactions of tissues, organs, and organ systems are less
efficient in persons with EHS, thereby providing a stronger
connection of the EMF cellular response with symptoms
of hypersensitivity.

Neurological effects of EMF

Neurological and behavioral effects were among the ear-
liest topics of research on potential adverse effects of ELF
as well as RF EMFs (78, 79). Concerning epidemiological
evidence, more than a decade before the seminal publi-
cation of Wertheimer and Leeper (48), Haynal and Regli
reported in 1965 an approximately four-fold higher preva-
lence of a history of electrical engineeringjobs in patients
with amyotrophic lateral sclerosis (ALS) than in control
subjects (80).

Functional, morphological, and biochemical changes
at the cellular, tissue, and otganism level, as well as
behavioral changes have been studied under experimen-
tal conditions, and epidemiology has assessed the asso-
ciation between occupational and residential exposure to
EMFs and neurodegenerative diseases as well as neuro-
logical symptoms.

Research has shown that EMFs (RF and ELF) have
deleterious effects on brain neurons and brain function-
ing (81). Epidemiological research has also shown an
increased risk for Alzheimer’s and dementia from occupa-
tional and residential exposure to ELF.

Neurological effects of radio-frequency radiation
Early studies of RF are difficult to assess because the

descriptions of exposure conditions are often insufficient
to derive the relevant dosimetric quantities. As early as
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1932, Schliephake (82) reported effects that he considered
tobe non-thermal: , Es treten Erscheinungen auf, wie wir sie
bei Neurasthenikern zu sehen gewohnt sind: starke Mattig-
keit am Tag, dafiir in der Nacht unruhiger Schlaf, zunéchst
ein eigenartig ziehendes Gefiihl in der Stim und Kopfhaut,
dann Kopfschmerzen, die sich immer mehr steigern, bis
zur Unertrdglichkeit. Dazu Neigung zu depressiver Stim-
mung und Aufgeregtheit.“ [“Phenomena occur that we are
accustomed to seeing in neurasthenics: pronounced fatigue
during the day, however, restless sleep at night, in the
beginning, a peculiar pulling sensationon the forehead and
scalp, and then headaches that increase beyond the limit of
tolerance. In addition, a tendency to depressive moods and
agitation”.] Such symptoms, not unlike those later sum-
marized as microwave or radio wave sickness syndrome,
have been found in a substantial percentage of exposed
workers in the Soviet Union (83) and also in individuals
presenting as electrohypersensitive (see below).

Experimental research in humans was scarce before
the advent of digital mobile telephony. Since the earliest
studies (84, 85) on brain electrical activity, a large evidence
base has been compiled that indicates subtle changes
in CNS function after and during short-term exposure to
different types of RF. Experimental investigations were
predominantly about effects on EEG power spectra (e.g.
86-96), event related potentials (e.g. 97-104), sleep (e.g.
105-119) and cognitive function (e.g. 120-131). A few inves-
tigations were about effects on glucose metabolism (132,
133) and regional cerebral blood flow (134, 135), applying
PET scan imaging. Animal studies covered a wide variety
of behavioral aspects, ranging from learning and memory
(e.g. 136-141) to anxiety-related behavior (142).

The reaction of the CNS to RF is not restricted to the
presence of the exposure but persists for some time after
the exposure, making short-term cross-over studies unin-
formative. The location of exposure could be of relevance
under certain circumstances, but often effects are bilat-
eral after unilateral exposure, suggesting involvement of
subcortical structures. Effects on sleep may depend on
individual characteristics, which led to the conclusion
that conflicting results are not strong evidence against an
effect (113). Pulsed RF is more effective than continuous
waves, but there is some evidence of the importance of
exposure characteristics including the site of coupling of
the RF field and its modulation.

In the 2012 update of the Biolnitiative Repott, Henry
Lai summarized the experimental evidence as follows
(143): “Almost all the animal studies reported effects,
whereas more human studies reported no effects than
effects. This may be caused by several possible factors:
(a) Humans are less susceptible to the effects of RFR than
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are rodents, (b) It may be more difficult to do human than
animal experiments, since it is, in general, easier to control
the variables and confounding factors in an animal experi-
ment. (c) in the animal studies, the cumulative exposure
duration was generally longer and studies were carried out
after exposure, whereas in the human studies, the exposure
was generally one time and testing was done during expo-
sure. This raises the question of whether the effects of RFR
are cumulative”.

Neurological effects of extremely
electromagnetic fields (ELF EMF)

low frequency

Neurophysiological investigations of ELF EMFs were
already conducted in the 1970s. Studies of chick and
cat brain tissue (e.g. 144-146) revealed effects of weak
ELF EMFs and ELF modulated RF fields that depended
on intensity and frequency (so-called window effects).
Adey proposed in 1981 (147) that effects are due to
a primary interaction of EMFs at the cell membrane
surface inducing a cascade of intracellular processes.
This early insight has been corroborated by recent
studies on various transmitter receptors in the brain
such as N-methyl-D-aspartate receptors, dopamine and
serotonin receptors (e.g. 148-151). Some of these more
recent studies also reported frequency window effects
as well as intensity window effects on the neurodevelop-
ment in the rat (152),

Behavioral effects of ELF EMF have been studied at
rather high levels in the 1970s and 1980s (e.g. 153, 154),
while recent studies include low-level exposures and
support effects on behavior at different levels of complex-
ity. These include: changes in locomotor activity (e.g. 148,
149, 155, 156), anxiety (e.g. 157-159) and depression-like
behavior (160, 161). “Since different behavioral effects have
been observed in different exposure conditions, species of
animals, and testing paradigms, they provide the strongest
evidence that exposure to ELF EMF can affect the nervous
system”, (Lai, 2012, BioInitiative Repotrt, section 9, Evidence
for effects on neurology and behavior effects, 143). Also in
humans, effects were reported at low levels (e.g. 162-164).

Neurodegenerative diseases

The most prevalent of neurodegenerative diseases is
Alzheimer’s disease with an estimated 45 million patients
worldwide for 2015, followed by Parkinson’s disease,
Huntington’s disease, amyothrophic lateral sclerosis
(ALS), and other motoneuron diseases (MND). To date,
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the pathophysiology of these diseases is incompletely
understood. In many of these diseases, atypical protein
assemblies, mitochondrial dysfunction, and programmed
cell death play a role and some genetic changes have been
detected. As some such changes could be a consequence
of oxidative stress (see below), disruption of calcium
homoeostasis, and disturbance of intracellular signal-
ing pathways, there is a theoretical possibility that EMFs
could contribute to the risk of these diseases. Since the
1980s, more than 30 epidemiological studies assessing
the potential relationship between exposure to ELF EMFs
and neurodegenerative diseases have been conducted. In
the last years, several meta-analyses have been published.
Concerning Parkinson'’s disease, there is little evidence of
an association (165). Concerning ALS, Zhou et al. (166)
summarize their results as follows: ‘Although there are
potential limitations from study selection bias, exposure
misclassification, and the confounding effect of individual
studies in this meta-analysis, our data suggest a slight but
significant ALS risk increase among those with job titles
related to relatively high levels of ELF EMF exposure”. A
review by Vergara et al. came to another conclusion (167):
“Our results do not support MF [magnetic fields] as the
explanation for observed associations between occupa-
tional titles and MND”. This discrepancy can be resolved
by discriminating between different methods of endpoint
assessment (incidence, prevalence or mortality data) and
the potential for misclassification due to various sources
of exposure data used. If these factors are considered,
there is a consistent relationship between ELF EMF from
occupational exposure and ALS/MND, and also the few
studies about residential exposure are in line with an
increased risk from exposure to MF (168).

Blood-brain barrier

All exchanges between blood and brain are strictly regu-
lated by the blood-brain barrier (BBB). The BBB prevents
the passage of various molecules from the blood into the
brain and vice versa. An increase in a normally low BBB
permeability for hydrophilic and charged molecules could
potentially be detrimental. While the data on ELF effects
are very sparse, several research groups investigated
whether RF affects the BBB. These data have recently been
reviewed (169-171). Although some BBB studies reported
negative data, other studies, including replicated studies
with rats from the Swedish group of Leif Salford and Bertil
Persson, suggested that RF from mobile phones may affect
the BBB under specific exposure conditions (171). More
recent studies showing EMF effects at specific conditions of
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exposure (150, 172, 173) and not showing effects on the BBB
under other conditions (174) are in line with this suggestion.

EMF and infertility and reproduction

Infertility and reproduction disorders are on the rise,
Based on the Biolnitiative Report (175), it should be con-
cluded that men who use - and particularly those who
wear a mobile phone, personal digital assistant (PDA) or
pager on their belt or in a pocket — show adverse effects
on sperm quality, motility, and pathology. The usage of
mobile phones, the exposure to mobile phone radiation,
or the storage of a mobile phone close to the testes of
human males affects sperm count, motility, viability, and
structure (176-184). Animal studies have demonstrated
oxidative and DNA damage, pathological changes in the
testes of animals, decreased sperm mobility and viability,
and other measures of deleterious damage to the male
germ line (182, 185-188).

There are also some studies of adverse birth outcomes
in EMF-exposed women. A case-control study (189) and
a population-based prospective cohort study (190) from
California showed an association between miscarriage
and the maximum value measured by a 24-h body-worn
magnetic field dosimeter.

Electromagnetic hypersensitivity (EHS)

An increasing number of humans are continuously
exposed in their daily life to increasing levels of a com-
bination of static, ELF and VLF (very low frequencies,
in general terms from 3 kHz to 3 MHz, in detailed terms
from 3 kHz to 30 kHz) electric and magnetic fields and RF
electromagnetic fields. These exposures are of different
signal patterns, intensities, and technical applications for
varying periods of time, All these fields are summarized as
EMF, colloquially referred to as “electrosmog”.

Some historical examples of EHS from as early as 1932
(82, 83) are given in the chapter “Neurological effects of
radio-frequency radiation”.

[na questionnaire survey in Switzerlandin 2001, which
was addressed to persons attributing specific health prob-
lems to EMF exposure, of the 394 respondents 58% suffered
from sleep problems or disorders, 41% from headaches,
19% from nervousness, 18% from fatigue, and 16% from
difficulties with concentration. The respondents attributed
their symptoms to, e.g. mobile phone base stations (74%b),
mobile phones (36%), cordless phones (29%), and high-
voltage power lines (27%). Two thirds of the respondents
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had taken measures to reduce their symptoms, the most
frequent one being to avoid exposure (191).

In 2001, 63 persons who attributed health problems
to environmental exposure were counseled in an interdis-
ciplinary environmental medicine pilot project in Basel.
An interdisciplinary expert team assessed the individual
symptoms by a medical psychological-psychiatric and
environmental examination, including visits and envi-
ronmental measurements at home. With respect to the 25
persons with EHS, the expert team attested to the fact that
in one third of them at least one symptom was plausibly
related to electrosmog, although the EMF exposure was
within the Swiss limits. They concluded that patients with
EHS should be advised medically, psychologically, and
environmentally (192, 193).

A questionnaire study of Finns (n=206), who describe
themselves as suffering from electromagnetic hypersensi-
tivity (EHS), revealed that the most common symptoms
were related to the nervous system: stress (60%), sleep-
ing disorders (59%) and fatigue (57%). The sources that
were most often reported to have triggered EHS were:
personal computers (51%) and mobile phones (47%).
For 76% of the participants the reduction or avoidance of
electromagnetic fields (EMF) helped in their full or partial
recovery (194).

A representative telephone survey (n=2048; age>14
years) carried out in Switzerland in 2004 yielded a fre-
quency of 5% (95% CI 4% to 6%) for having symptoms
attributed to electrosmog, so-called EHS. In n=107 EHS
persons, the most common symptoms being sleep prob-
lems (43%), headache (34%), and concentration difficul-
ties (10%). Remarkably, only 13% consulted their family
doctor. Individuals with a past history of symptoms attrib-
utable to EMF gave “turned off the source” as the answer
to measures taken three times as often as the ones who
still had symptoms (195).

In a Swiss questionnaire study of GPs in 2005, two-
thirds of the doctors were consulted at least once a year
because of symptoms attributed to EMF. Fifty-four percent
of the doctors assessed a relation as possible. The doctors
in this questionnaire asked for more general information
about EMF and health and instructions on how to deal
with patients with EHS (196).

In another questionnaire study, also mandated by the
Swiss Federal Government and performed by the Univer-
sity of Bern in 2004, Swiss doctors working with comple-
mentary diagnostic and therapeutic tools reported that
71% of their consultations related to EMF. Remarkably, not
only the patients but even more so the doctors suspected a
possible relation between illness and EMF. The reduction
or elimination of environmental sources was the main
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therapeutic instrument in treating symptoms related to
EMF (197).

A questionnaire study of Austrian doctors yielded
similar results. In this study, the discrepancy between the
physicians’ opinions and established national and inter-
national health risk assessments was remarkable, consid-
ering that 96% of the physicians believed to some degree
in or were totally convinced of a health-relevant role of
environmental electromagnetic fields (198).

In a survey conducted 2009 in a Japanese EHS and
multiple chemical sensitivity (MCS) self-help group (n =
75), 45% of the respondents had EHS as a medical diag-
nosis and 49% considered themselves EHS. Every second
respondent had medically diagnosed MCS (49%) and 27%
had self-diagnosed MCS. The main EHS-related symptoms
were fatigue, headache, concentration problems, sleep dis-
orders, and dizziness. The most frequent causes included
base stations, other persons’ mobile phones, PC, power
lines, television, own mobile phone, public transporta-
tion, cordless phones, air conditioner, and car. Suspected
EMF source of EHS onset were: mobile phone base sta-
tions, PC, electric home appliances, medical equipment,
mobile phones, power lines, and induction cookers (199).

In 2010, Khurana et al. reported that eight out of ten
epidemiological studies that assessed health effects of
mobile phone base stations reported an increased preva-
lence of adverse neurobehavioral symptoms or cancer in
populations living at distances within 500 m from base
stations. None of the studies reported exposure levels
above accepted international guidelines, suggesting that
current guidelines may be inadequate in protecting the
health of human populations (200). ,

Carpenter reported in 2015 (201) a series of healthy
people that developed EHS after a brief, high-intensity
microwave radiation exposure. Typical symptoms
included, for example, chronic headaches, irritability,
and emotional lability, decreased libido, and memory
problems, which in some patients, lasted for years.

Hedendahl et al. (19) reported two 15-year-old male
students and one 47-year-old female teacher who experi-
enced health effects like headaches, difficulties concen-
trating, tachycardia, poor memory, or dizziness when
exposed to Wi-Fi in school. This example is mentioned
to point specifically to the potential health impacts from
increasing RF exposure of students and teachers by Wi-Fi.

The question, whether EHS is causally associated with
EMF exposure is controversially discussed. On the one
hand, physicians judge a causal association between EMF
exposures as plausible based on case reports, on the other
hand, national and international health risk assessments
mostly claim that there is no such causal association,
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because provocation studies under controlled blinded
conditions mostly failed to show effects. However, these
studies have severe shortcomings that must be addressed:
sequences of exposure conditions were often contiguotis
neglecting aftereffects of exposure; the exposure duration
and the examined effects were short-term; the sham expo-
sure was frequently under conditions that could provoke
arousal in sensitive individuals; the time frame neglected
the temporal conditions of symptom occurrence and dis-
appearance, and/or the recruitment of persons with EHS
was not medically assessed.

The WHO does not consider EHS as a diagnosis and rec-
ommends to medical doctors that the treatment of affected
individuals should focus on the health symptoms and the
clinical picture, and not on a person’s perceived need for
reducing or eliminating EMF in the workplace or at home
(202). Based on the existing evidence and practical knowl-
edge this view ignores a causal approach; see also (203).

The paper “Electromagnetic hypersensitivity: fact or
fiction” by Genuis and Lipp (204) offers an instructive
review of studies of the last decades concerning EHS,
including historical milestones, reviews, pathogenesis,
biochemical markers, therapeutic management, as well
as the debate about the legitimacy of EHS.

In facial skin samples of electrohypersensitive
persons, a profound increase of mast cells has been found
(205). From this and other earlier studies when EHS mani-
fested itself often during exposure to EMFs from cathode
ray tubes (CRT), it became clear that the number of mast
cells in the upper dermis is increased in the EHS group.
A different pattern of mast cell distribution also occurred
in the EHS group. Finally, in the EHS group, the cytoplas-
mic granules were more densely distributed and more
strongly stained than in the control group, and the size of
the infiltrating mast cells was generally found to be larger
in the EHS group as well. It should be noted that increases
of a similar nature were later demonstrated in an experi-
mental situation, employing normal healthy volunteers in
front of CRT monitors, including ordinary household tel-
evision sets (206).

A French research group headed by Belpomme (207)
investigated prospectively, since 2009, self-reported
cases of EHS and/or MCS clinically and biologically in
an attempt to establish objective diagnostic criteria and
to elucidate the pathophysiological aspects of these two
disorders. Based on 727 evaluable cases, the investigation
showed a number of new and important insights such as:
(a) None of the biomarkers so far identified in the study

are specific for EHS and/or MCS.

(b) Several biomarkers like histamine, nitrotyrosine,
and circulating antibodies against O-myelin were
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increased. The 24-h urine melatonin/creatinine ratio
was decreased.

(c) EHS and MCS are genuine somatic pathological
entities.

(d) Under the influence of EMFs and/or chemicals a cer-
ebral hypoperfusion/hypoxia-related neuroinflam-
mation may occur.

(e) EHS and/or MCS patients might be potentially at risk
of chronic neurodegenerative diseases and cancer.

While a 2006 study by Regel et al. (208) described no expo-
sure effects, two provocation studies on exposure of “elec-
trosensitive” individuals and control subjects to mobile
phone base station signals (GSM, UMTS, or both) found
a significant decline in well-being after UMTS exposure
in the individuals reporting sensitivity (209, 210). Most
so-called provocation studies with EHS show no effects.
However, all these studies used a very limited number of
exposure conditions and most have methodological weak-
nesses. Taking in account the strong dependence of EMF
effects on a variety of physical and biological variables
(27), available provocation studies are scientifically diffi-
cult to interpret and, in fact, are not suitable to disprove
causality.

There is increasing evidence in the scientific literature
of various subjective and objective physiological altera-
tions, e.g. heart-rate variability (HRV) as apparent in some
persons with EHS claiming to suffer after exposure to certain
frequencies of RF like DECT or Wi-Fi (211-215). Analysis of
the data available on the exposure of people living near
mobile phone base stations has yielded clear indications of
adverse health effects like fatigue, depression, difficulty in
concentrating, headaches, dizziness, etc. (216-220), A syn-
opsis of 30 studies on mobile phone base stations is given
in the document “Leitfaden Senderbau” (221).

Residential EMF exposures in the VLF frequency range
are often due to “dirty power”/“dirty electricity” origi-
nating from voltage and/or current perturbations from
diverse sources. like electronic power supplies for TVs,
monitors, PCs, motor drives, inverters, dimmers, compact
fluorescent lamps (CFLs), phase-angle control devices,
as well as sparking and arcing from switching operations
and from electric motors with brushes. The kHz waves/
transients travel along the electric wiring and grounding
systems (conducted emissions) and radiate electric and/
or magnetic fields into free space (radiated emissions),
leading to human exposures in the vicinity.

First epidemiological evidence links dirty electricity
to most of the diseases of civilization including cancer,
cardiovascular disease, diabetes, suicide, and attention
deficit hyperactivity disorder in humans (222).
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While the dependence of ELF effects on the local mag-
netic field has been reported by many research groups
{13, 223), there are also a few studies which suggest that
the RF effects are also dependent on slight changes in the
local static magnetic field. In the review by Belyaev (224),
a physical mechanism has been suggested to account for
such effects (225). Slight changes in the local static mag-
netic field within 10 uT, which are usually observed within
offices and homes due to ferromagnetic objects, were
reported to induce biological effects that corresponded
well to the predictions following from the mechanism of
ion interference developed by Binhi (226).

On July 8, 2015, a court in Toulouse, France, ruled in
favor of a woman with the diagnosis “syndrome of hyper-
sensitivity to electromagnetic radiation” and determined
her disability to be 85% with substantial and lasting
restrictions on access to employment (227).

InFrance, the first low-EMF zone has been established
at Drome in July 2009 (228). In Austria, the construction
of a multi-family house has been planned for 2015, which
was designed by a team of architects, building biology
professionals, and environmental medicine health care
professionals to provide a sustainable healthy living envi-
ronment. Both the outdoor and indoor environments were
explicitly chosen and designed to meet low-EMF require-
ments (229). The implementation of low-EMF zones for
electrosensitive individuals is pursued in numerous coun-
tries. The realization of such projects greatly depends
on the understanding, knowledge, and tolerance of the
members of the chosen community.

Possible mechanism of EHS

Based on the scientific literature on interactions of EMF
with biological systems, several mechanisms of interac-
tion are possible (14, 13, 22, 26). A plausible mechanism
at the intracellular and intercellular level, for instance,
is an interaction via the formation of free radicals or
oxidative and nitrosative stress (230-238). It has been
shown in many reports reviewed by Georgiu (15) that
reactive oxygen species (ROS) may be involved in radical
pair reactions; thus, radical pairs may be considered as
one of the mechanisms of transduction able to initiate
EMF-induced oxidative stress. Furthermore, many of the
changes observed in RF-exposed cells were prevented
by (pre)treatment with antioxidants and radical scaven-
gers (24). While the data from different studies should
be interpreted with care in view of variations in physical
and biological parameters, a majority of the studies have
shown effects of ELF and RF on the oxidative stress (239).
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The JARC monograph states: “even small effects on radical
concentration could potentially affect multiple biological
functions”, page 103 (24).

Yakymenko et al. (238) have summarized the current
evidence: “Analysis of the currently available peer-
reviewed scientific literature reveals molecular effects
induced by low-intensity RER in living cells; this includes
significant activation of key pathways generating reactive
oxygen species (ROS), activation of peroxidation, oxidative
damage of DNA and changes in the activity of antioxidant
enzymes. It indicates that among 100 currently available
peer-reviewed studies dealing with oxidative effects of low-
intensity RFR, in general, 93 confirmed that RFR induces
oxidative effects in biological systems. A wide pathogenic
potential of the induced ROS and their involvement in cell
signaling pathways explains a range of biological/health
effects of low-intensity RFR, which include both cancer and
non-cancer pathologies”.

Reviews by Pall (12, 16, 240) provide evidence for a
direct interaction between static and time-varying electric
fields, static and time-varying magnetic fields and elec-
tromagnetic radiation with voltage-gated calcium chan-
nels (VGCCs). The increased intracellular Ca* produced
by such VGCC activation may lead to multiple regulatory
responses, including increased nitric oxide levels pro-
duced through the action of the two Ca?/calmodulin-
dependent nitric oxide synthases, nNOS and eNOS. In
most pathophysiological contexts, nitric oxide reacts with
superoxide to form peroxynitrite, a potent non-radical
oxidant, which can produce radical products, including
hydroxyl and NO, radicals.

Peroxynitrite is by far the most damaging molecule that
occurs during metabolism in our body. Although not a free
radical, peroxynitrite is much more reactive than its parent
molecules NO and O;. The half-life of peroxynitrite is com-
paratively long (10-20 ms), sufficient to cross biological
membranes, diffuse one to two cell diameters, and allow
significant interactions with most critical biomolecules and
structures (cell membranes, nucleus DNA, mitochondrial
DNA, cell organelles), and a large number of essential met-
abolic processes (225). Elevated nitrogen monoxide, forma-
tion of peroxynitrite, and induction of oxidative stress can
be associated with chronic inflammation, damage of mito-
chondrial function and structure, as well as loss of energy,
e.g. via the reduction of adenosine triphosphate (ATP).

A significant increase of 3-nitrotyrosine was observed
in the liver of Wistar rats exposed to ELF, suggesting a
deteriorative effect on cellular proteins due to possible
formation of peroxynitrite (241). Nitrotyrosin was found to
be increased (>0.9 pg/mL) in 30% of the 259 tested EHS
individuals (207).
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A study by De Luca et al., in 2014 on 153 EHS and 132
controls showed metabolic pro-oxidant/pro-inflammatory
alterations in EHS like decreased erythrocyte glutathione
S-transferase {(GST) activity, decreased reduced glu-
tathione (GSH) levels, increased erythrocyte glutathione
peroxidase (GPX) activity, an increased ratio of oxidized-
CoQ10/total-CoQ10 in plasma, and a 10-fold increased
risk associated with EHS for the detoxifying enzymes
glutathione S transferase haplotype (null) GSTT1+(null)
GSTM1 variants (242).

The importance of ATP has been shown for chronic
fatigue syndrome (CFS) (243) and for stress control (244).
Those patients describe the same symptoms as those suf-
fering from CMI. This could indicate similarities in their
pathomechanisms. Similar disturbances in neurotrans-
mitter expression has been described both with chronic
exposure to EMF (245) and in CMI patients (232, 246).

A study (247) proposed to investigate a possible asso-
ciation between RF exposure and myelin integrity via
classical immunohistochemical markers for healthy and
degenerated myelin, respectively, and for Schwann cells
in general.

Complaints in chronic fatigue syndrome (CFS), fibro-
myalgia (FM), multiple chemical sensitivity (MCS), post-
traumatic stress disorder (PTSD), and Gulf War syndrome
(GWS) are almost the same. Meanwhile, they are summa-
rized as chronic multisystem illnesses (CMI) (246). In all of
them, various disturbances of functional cycles have been
shown: activation of nitrogen oxide and peroxynitrite,
chronic inflammation by activation of NF-kB, IFN-y, IL-1,
IL-6, and interaction with neurotransmitter expression
(232, 246, 248), We recommend classifying EHS as part of
CMI (232, 249), but still recognizing that the underlying
cause remains the environment (see Figure 1).

Other diseases that require attention with
respect to EMF

Based on interactions between EMF exposure and biologi-
cal responses that, e.g. lead to a disturbance of the oxi-
dative/nitrosative homeostasis, a variety of diseases are
possible and even expected to occur. Some examples are
given here.

Havas reported in 2008 (250): “Transient electromag-
netic fields (dirty electricity), in the kilohertz range on elec-
trical wiring, may be contributing to elevated blood sugar
levels among diabetics and prediabetics. By closely follow-
ing plasmaglucose levels in four Type 1 and Type2 diabetics,
we find that they responded directly to the amount of dirty
electricity in their environment. In an electromagnetically

-10.1515/reveh-2016-0011
Downloaded from PubFactory at 09/06/2016 10:22:29AM
via free access




DE GRUYTER

Industrial pollutants

Peshmdes Metals
Fungi Solvents
Traumata EME
Bacteria Plasuzlsers
Viruses Food
Nulrosauve strass .
Nitric oxids T Severe psycho-social stress
Superoxid T Peroxynitrite T iINOS T
Impaired
Mitochondriopathy ~— Inflammation «——— Immune
ATP L — Tolerance
| / TNF-a TH2
™ Interferon-y dominance
t
Oxidative HYistamine Loss of
stress
Treg cells

Figure 1: Pathogenesis of inflammationr, mitochendriopathy, and
nitrosative stress as a result of the exposure to trigger factors (248).

clean environment, Type 1 diabetics require less insulin
and Type 2 diabetics have lower levels of plasma ghuicose.
Dirty electricity, generated by electronic equipment and
wireless devices, is ubiquitous in the environment. Exercise
on a treadmill, which produces dirty electricity, increases
plasma glucose. These findings may explain why brittle
diabetics have difficulty regulating blood sugar. Based on
estimates of people who suffer from symptoms of electrical
hypersensitivity (3%—35%), as many as 5-60 million dia-
betics worldwide may be affected”.

With respect to fetal and early childhood exposures
to EMF, Sage in the Biolnitiative Report 2012 (56) pointed
out: “Fetal (in-utero) and early childhood exposures to cell
phone radiation and wireless technologies in general may
be a risk factor for hyperactivity, learning disorders and
behavioral problems in school.” [&] “Common sense meas-
ures to limit both ELF EMF and RF EMF in these populations
is needed, especially with respect to avoidable exposures
like incubators that can be modified; and where education
of the pregnant mother with respect to laptop computers,
mobile phones and other sources of ELF EMF and RF EMF
are easily instituted”.

In a 2013 review, Herbert and Sage (251, 252) reported
remarkable similarities between pathophysiological phe-
nomena found in autism spectrum conditions (ASCs) and
the physiological impacts of ELF MF/RE, such as oxida-
tive stress, free radical damage, malfunctioning mem-
branes, mitochondrial dysfunction, inflammatory issues,
neuropathological disruption and electrophysiological
dysregulation, cellular stress proteins and deficiencies of
antioxidants such as glutathione,

In a 6-year study, certain blood hormone levels were
monitored in volunteers. Mobile phone use as well as close
distances to mobile phone base stations were associated
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with decreased testosterone levels in males, as well as
decreased ACTH, cortisol, T3 and T4 levels in males and
females (253).

Recommendations for action

EUROPAEM has developed guidelines for differential diag-
nosis and potential treatment of EMF-related health prob-
lems with the aim to improve/restore individual health
outcomes and to propose strategies for prevention. These
recommendations are further outlined below.

These recommendations are preliminary and in large
parts, although related to the whole body of evidence
rooted in the experience of the team, cannot in every
detail be strictly considered evidence-based.

Evidence of treatment strategies for
EMF-related iltness including EHS

There are only a few studies assessing therapeutic
approaches to EHS. The interdisciplinary based assessing
and counseling of EHS in the Swiss Environmental Pilot
Project performed in 2001 showed, in an evaluation inter-
view half a year after counseling, that 45% of the persons
with EHS had benefitted from realizing certain advice, e.g.
changing the bedroom (192, 193).

In the 2005 Swiss questionnaire study of physi-
cians working with complementary therapeutic tools,
two-thirds chose exposure reduction as a principal tool,
whereas complementary therapeutics were only chosen
as a supplement (197).

Since 2008, the Swiss Society of Doctors for the Envi-
ronment has run a small interdisciplinary environmen-
tal medicine counseling structure for patients with EHS,
which is embedded in everyday practice with a central
coordination and consultation office as well as a network
of general practitioners interested in environmental medi-
cine who perform environmental medical assessments
and consultations based on a standard protocol. If nec-
essary, environmental experts are consulted and home
inspections are conducted. The aim of the assessments is
to detect or rule out common diseases and to analyze the
impact of suspected environmental burdens on the com-
plaints in order to find individual therapeutic approaches.
The main instrument of the assessment is an extensive
medical and psycho-social history with an additional
environmental history, including a systematic question-
naire and environmental key questions.
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In the first years, the project was scientifically
assessed, In a questionnaire 1 year after counseling, 70%
of the persons recommended the interdisciplinary based
counseling structure and 32% of them considered the
counseling as being helpful. Therefore, a model based
on such an interdisciplinary concept, embedded in the
family doctor’s holistic and lasting concept of treatment,
seems to be promising for a better therapeutic approach to
EHS, also including accessibility measures targeted at the
actual environment (254).

In Finland, psychotherapy is the officially recom-
mended therapy for EHS. In a questionnaire study of
EHS people in Finland, symptoms, perceived sources
and treatments, the perceived efficacy of medical and
complementary alternative treatments (CAM) in regards
to EHS were evaluated by multiple choice questions.
According to 76% of the 157 respondents, the reduc-
tion or avoidance of EMF helped in their full or partial
recovery. The best treatments for EHS were given as
weighted effects: dietary change (69.4%), nutritional
supplements (67.8%), and increased physical exercise
(61.69%). The official treatment recommendations of
psychotherapy (2.6%) were not significantly helpful,
or for medication (-4.29%) even detrimental, The avoid-
ance of electromagnetic radiation and fields effectively
removed or lessened the symptoms in persons with EHS
(194, 255).

Response of physicians to this development

In cases of unspecific health problems (see Questionnaire)
for which no clearly identifiable cause can be found —
besides other factors like chemicals, non-physiological
metals, molds — EMF exposure should, in principle, be
taken into consideration as a potential cause or cofactor,
especially if the person presumes it.

A central approach for a causal attribution of symp-
toms is the assessment of variation in health problems
depending on time and location and individual suscep-
tibility, which is particularly relevant for environmental
causes such as EMF exposure.

Regarding such disorders as male infertility, mis-
carriage, Alzheimer’s, ALS, blood sugar fluctuations,
diabetes, cancer, hyperactivity, learning disorders and
behavioral problems in school, it would be important to
consider a possible link with EMF exposure. Some people
with EHS might be misdiagnosed with multiple sclerosis
(MS) since many of the symptoms are similar. This offers
an opportunity to causally influence the course of the
disease.

DE GRUYTER

How to proceed if EMF-related health
problems are suspected

The recommended approach to diagnosis and treatment
is intended as an aid and should, of course, be modified
to meet the needs of each individual case (see Figure 2).

1. History of health problems and EMF exposure

2. Medical examinations and findings

3. Measurement of EMF exposure

4. Reduction and prevention of EMF exposure

5. Diagnosis

6. Treatment of the patient including the environment

History of health problems and EMF exposure

In order to put later findings into a larger context, a
general medical history is necessary. Part of this history
should include:
- Electrical trauma; multiple shocks, electrocution,
struck by lightning.
~ Chemical trauma: exposure to pesticides, metals,
chlorinated hydrocarbons (PCBs, DDT, etc.)
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figure 2: Flowchart for the handling of EMF-related health problems.
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— Biological trauma in the form of a large load of
parasites, fungal infections, viral infections, etc.
- Physical traumato the central nervoussystemin the
form of whiplash, other accidents, spinal problems
— Autoimmune disorders

In the next steps, we focus only on EMF-related health
effects.

A questionnaire to take a systematic history of health
problems and EMF exposure, compiled by the EUROPAEM
EMF Working Group, is available in the Annex of this EMF
Guideline.

The questionnaire consists of three sections:

(@) List of symptoms

(b) Variation of health problems depending on time,
location, and circumstances

(c) Assessment of certain EMF exposures that can be
evaluated by questionnaire

The list of symptoms in the questionnaire serves to sys-
tematically quantify health problems regardless of their
causes. It also includes questions as to when the health
problems first occurred. Most EMF-related symptoms are
nonspecific and fall within the scope of health problems
due toinadequate regulation {decompensation), e.g. sleep
problems, fatigue, exhaustion, lack of energy, restless-
ness, heart palpitations, blood pressure problems, muscle
and joint pain, headaches, increased risk for infections,
depression, difficulty concentrating, disturbances of coor-
dination, forgetfulness, anxiety, urinary urgency, anomia
(difficulty finding words), dizziness, tinnitus, and sensa-
tions of pressure in the head and ears.

The health problems may range in severity from
benign, temporary symptoms, such as slight headaches
or paresthesia around the ear, e.g. when using a mobile
phone, or flu-like symptoms after maybe some hours of
whole-body EMF exposure, to severe, debilitating symp-
toms that drastically impair physical and mental health. It
has to be stressed that, depending on the individual state
of susceptibility, EHS symptoms often occur only occa-
sionally, but over time they may increase in frequency and
severity. On the other hand, ifa detrimental EMF exposure
is sufficiently reduced, the body has a chance to recover
and EHS symptoms will be reduced or will vanish.

Variation of health problems depending on time,
location, and circumstances

The answers to questions of when and where the health
problems occur or recede, and when and where the symp-
toms increase or are particularly evident, provide only
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indications. They must be interpreted by the investigator
(e.g. regarding the correct attribution between location/
EMF sources and health problems). Special attention
should be drawn to sleepingareas, because of the duration
of influence and the vital role of sleep for regeneration.

Assessment of certain EMF expostures that can be
evaluated by questionnaire

The assessment of EMF exposure usually starts with
certain questions of usual EMF sources. Regardless of
whether or not the patient suspects EMF exposure as
a cause, these questions should be used to assess the
existing exposure level, at least as a rough estimate. It is
important to note that only certain types of EMF exposure
can be assessed by means of questions, such as the use
of compact fluorescent lamps, mobile phones, and cord-
less phones. Detection of other types of EMF exposure,
e.g. due to RF transmitter sites or the electric or magnetic
fields from electric wiring, generally requires measure-
ments. In principle, questions should be asked to assess
EMF exposure at home and at work and when on holidays
and so on, keeping in mind that the degree of EMF expo-
sure may vary at different times.

Medical examinations and findings

We do not have any clinical findings yet that are specific
to EMF, which makes diagnosis and differential diagnosis
a considerable challenge.

A method that has proven useful is to use stress-
associated findings for diagnosis and follow-up and to
evaluate them synoptically. Basic diagnostic tests should
be carried out as a first step, followed by measurements of
EMF exposure as a second step. The core diagnosis should
focus on investigations of nitric oxide production (nitroty-
rosine), mitochondriopathy (intracellular ATP), oxidative
stress-lipid peroxidation (MDA-LDL), inflammation [TNF-
alpha, IFN-gamma-inducible protein 10 (IP-10), IL-1b, his-
tamine], and the melatonin status (24 h urine melatonin/
creatinine ratio).

Then additional diagnostic tests can be considered.
Due to the differences in normal ranges between labs and
different practices as to the units of measurement in dif-
ferent countries, we do not provide levels to be considered
relevant in EHS. It is recommended to interpret them in
context, focusing not only on out-of-range values. For
example, when several parameters are simultaneously
close to the border of the normal ranges, this could be
instructive for forming a therapeutic or diagnostic opinion.
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Functional tests

Basic diagnostic tests

Blood pressure and heart rate (in all cases resting
heart rate in the morning while still in bed), including
self-monitoring, possibly several times a day, e.g. at
different locations and with journaling of subjective
well-being for a week.

Additional diagnostic tests

24-h blood pressure monitoring (absence of nighttime
decline)

24-h ECG (heart rhythm diagnosis)

24-h heart rate variability (HRV) (autonomous nerv-
ous system diagnosis)

Ergometry under physical stress

Sleep EEG at home

Laboratory tests
Basic diagnostic tests

Blood

-~ ACTH

- Bilirubin

- Blood count and differential blood count
- BUN

- Cholesterol, LDL, HDL, triglycerides

- Coenzyme-Q10ratio for oxidized-CoQ10/total-CoQ10
— Creatinine kinases (CK-MB, CK-MM)

~  High-sensitivity C-reactive protein (hs-CRP)
—  Cystatin C (glomerular filtration rate)

~  Electrolytes

— Fasting blood glucose

— Ferritin

— Glutathione S-transferase (GST)

- Reduced glutathione (GSH)

—  Glutathione peroxidase (GPX)

- HBA_

- Histamine and diaminoxidase (DAO)

- IFN-gamma-inducible protein 10 (IP-10)
- Interleukin- (e.g. IL-1a, IL-1b)

~ Intracellular ATP

- Liver enzymes (e.g. ALT, AST, GGT, LDH, AP)
— Magnesium (whole blood)

-~ Malondialdehyde (MDA)-LDL

-~ Nitrotyrosine (NTT)

- Potassium (whole blood)

- Prolactin

- Selenium (whole blood)

— Testosterone

- TSH

- T3, T4

- Tumor necrosis factor alpha (TNFa,)
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—~ Vitamin D3

-~ Zinc (whole blood)

Standard urine

~  Leucocytes, erythrocytes, albumin, urobilinogen,
pH, bacteria, glucose, microalbumin

Second morning urine

— Adrenaline

-~ Dopamine

-~ Noradrenaline

- Noradrenaline/adrenaline ratio

~  Serotonin

— Beta-phenylethyleamine (PEA)

24-h urine

—  6-OH melatonin sulfate

~  Creatinine

-  6-OH melatonin sulfate/creatinine ratio

Saliva

— (Cortisol (8 a.m., 12a.m., and 8 p.m.)

Additional diagnostic tests

Urine

- Metals (depending on case history, e.g. mercury,
cadmium, lead, arsenic, aluminum)

Second morning urine

- Gamma-aminobutyric acid (GABA)

—  Glutamate

— Cryptopyrrole

Saliva

- Dehydroepiandrosterone DHEA (8 a.m. and 8 p.m.)

- Alpha-amylase

Blood

-~ 8-Hydroxydeoxyguanosine (DNA oxidation)

- Biotin

~ Differential lipid profile

- Folate

— Holotranscobolamin

— Homocysteine

— Interferon-gamma (IFN-y)

—~ Interleukin-10 (IL-10)

-~ Interleukin-17 ({L17)

— Interleukin-6 (IL-6)

-~ Interleukin-8 (I1.-8)

-~ Intracellular glutathione (redox balance)

-~ Lactate, pyruvate incl. ratio

— Lipase

— NF-kappa B

—  Vitamin B6 (whole blood)

Provocation tests
Special facilities with the use of a variety of signals, e.g.
DECT or Wi-Fi exposure (e.g. 20-60 min, depending on
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the individual regulation capacity, susceptibility, and

observed response)

Heart rate variability (HRV) (autonomous nervous

system diagnosis)
Microcirculation

Oxidative stress (lipid peroxidation, malondialde-

hyde, oxo-LDL)
For diabetics, plasma glucose

Live blood analysis (red blood cell aggregation in the
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Measurement of EMF exposure

The evolutionary development of the human species took

place under the presence of the natural electromagnetic
spectrum (Earth’s magnetic field, Earth’s electric field,

spherics, Schumann resonance). Those influences have

been part of our biosphere like the oxygen content in the
air or the visible light spectrum, and they have been inte-

form of rouleaux, blood viscosity, macrophage activ-

ity, lysis of red blood cell membrane)

For people with neurological problems and problems
with fine or gross motor coordination, a video of them
walking before and after provocation and a photo-
graph taken of a sample of handwriting before and

after provocation.

Individual susceptibility

Blood (genetic parameters and actual function)

grated into the biological functions (14).

By now, nearly all non-ionizing parts of the electro-

magnetic spectrum are filled with artificial, technical EMF

sources dute to electrification and {(wireless) communica-
tion technologies, but are very rarely found in nature (see
Figure 3). EMF measurements and/or exposure damages
are usually not covered by statutory health care insurance.

In general, a wide variety of EMF exposure types

(static fields, ELF, VLF, and RF) should be considered.

—~  GlutathioneStransferaseM1 (GSTM1) - detoxification
—  GlutathioneStransferaseT1(GSTT1)-detoxification
~ Superoxide dismutase 2 (SOD2) - protection of -

mitochondria

~  Catechol-O-methyltransferase (COMT) - stress -

control

ELF magnetic fields may originate from, e.g. 12 V
transformers, transformer stations, net currents on
the electric wiring, water pipes, and other conduc-
tive materials, infrared heaters, heating blankets and
different types of power lines.

ELF electric fields may originate from, e.g. electrical
wiring, lamps, and appliances.

VLF magnetic fields ("dirty power”) and/or VLF electric
felds (“dirty electricity”) may be emitted from electronic

Electromagnetic spectrum
Natural and artificial sources
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Figure 3: Examples of natural (green) and artificial (red and blue) EMF sources along the electromagnetic spectrum (256).
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devices like energy-efficient lighting, electronic trans-
formers, induction cooker, variable speed frequency
drives, light dimmer switches, power line communi-
cation (PLC) connected to the electrical grid. These
devices use current and/or voltage in short pulses that
might produce harmonics and VLF transients on the
electrical circuits, earthed materials and the ground.

— Typical RF radiation sources include, e.g. cordless
phones (DECT), wireless Internet access (Wi-Fi),
mobile phones and their base stations, radio and TV
broadcast antennas, radar (military, airport, marine,
and weather), Bluetooth, and the microwave ovens.

In the sleeping area, the most important exposure point
is the head and trunk region followed by all other points
with chronic or high exposure.

EMF measurements should be planned and carried
out by specially trained and experienced testing special-
ists and always in accordance with relevant standards, e.g.
the VDB Guidelines of the German Association of Building
Biology Professionals (257). In addition to the measure-
ment results, the measurement report should also include
suggestions on how to possibly reduce the EMF exposure.

To clarify certain issues, personal dosimeters with a
data logging function are available to measure ELF mag-
netic fields and radio-frequency radiation.

After the measurements have been commissioned
by the person and carried out, the results should be dis-
cussed with a physician familiar with the EMF issue.

EMF guidance values

In each case, the following aspects should be individually

taken into account when evaluating EMF measurement

results (27, 26):

— A person’s individual susceptibility, which, e.g. may
be based on previous history of trauma (electrical,
chemical, biological and physical).

- A person’s individual total body burden (e.g. expo-
sure to noise, chemicals like neurotoxins)

— Duration of EMF exposure

— EMF exposure during the night and day

—  Multiple exposure to different EMF sources

- Signal intensity: watt/m*> (W/m?), volt/m (V/m),
ampere/m (A/m)

— Signal characteristics were taken into account in the
EMF guidance values ~ see Supplement 3 {258)
~  Frequency
—  Risetime (AT) of bursts, transients, etc.

— Frequency and periodicity of bursts, e.g. cer-
tain GSM base stations (8.3 Hz), Wi-Fi networks
(10 Hz), DECT cordless phones (100 Hz)
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- Type of modulation (frequency modulation,
amplitude modulation, phase modulation)

Regardless of the ICNIRP recommendations for specific
acute effects, the following guidance values (Tables 1-3,
5 and 6) apply to sensitive locations with long-term expo-
sure of more than 20 h per week (259). They are based on
epidemiological studies (9, 10, 27, 221, 260-262), empirical
observations, and measurements televant in practice (258,
263), as well as recommendations by the Seletun State-
ment (40) and the Parliamentary Assembly of the Council
of Europe (42). The proposed guidance values are based on
scientific data including a preventive component and aim to
help restore health and well-being in already compromised
patients. All levels provided are for incident intensities and
whole-body exposure.

ELF magnetic fields {extremely low frequency) (ELF MF)
Measurement specifications

Frequency range: 50/60 Hz mains electricity, up to 2 kHz. 16.7 Hz
railroad systems in Austria, Germany, Switzerland, Sweden, and
Norway, 400 Hz on airplanes

Type of measurement: Magnetic induction or flux density [T; mT;
ut:nT)

Field probe: Isotropic magnetic field probe (three orthogonal axes)
Detector mode: RMS (root mean square)

Measurement volume: Bed: Short-term measurements across entire
sleeping area. Workplace: Short-term measurements across entire
work area (e.g. sitting position), Long-term measurements: e.g.
point close to the head/trunk in bed or at workplace

Measurement period: Short-term measurements to identify field
sources. Long-term measurements during sleep and work shift
Basis for evaluation: Long-term measurements: maximum (MAX)
and arithmetic mean (AVG)

Precautionary guidance values

In areas where people spend extended periods of time (>4 h
per day), minimize exposure to ELF magnetic fields to levels
as low as possible or below the precautionary guidance
values specified below.

Tahle 1: Precautionary guidance values for ELF magnetic fields.

ELF magnetic Daytime Nighttime Sensitive
field exposure exposure populations
Arlthmetic 100 nT 100 nT 30nT

mean (AVG) (1 mG)n2-» (1 mG)»23 0.3 mG)»
Maximum 1000 nT 1000 nT 300 nT
(MAX) (10 mG)2- (10 mG)2® (3 mG)®

Based on: U8iolnitiative (9, 10); ?0berfeld (262); ?Seletun Statement
(40), “NISV (264); ®Precautionary approach by a factor of 3 (field
strength). See also IARC 2002 (30), Blank and Goodman (17), and
TCO Development (265). ’
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Evaluation guidelines specifically for sleeping areas
Higher frequencies than the mains electricity at 50/60 Hz
and distinct harmonics should be evaluated more criti-
cally. See also the precautionary guidance values for the
VLF frequency range further below. If applicable, mains
current (50/60 Hz) and traction current (16.7 Hz) should be
assessed separately but added (squared average). Long-
term measurements should be carried out especially at
nighttime, but at least for 24 h.

ELF electric fields (extremely low frequency) (ELF EF)
Measurement specifications

Frequency range: 50/60 Hz mains e lectricity, up to 2 kHz2.16.7 Hz
railroad systems in Austria, Germany, Switzerland, Sweden, and
Norway

Type of measurement: Electric field {V/m] without ground reference
(potential-free)

Field probe: Isotropic electric field probe (three orthogonal axes)
Detector mode: RMS (root mean square)

Measurement volume: Bed: Nine points across sleeping area.
Workplace: Across entire work area {e.g. sitting position three or six
points)

Measurement period: Spot measurements to assess the exposure
as well as to identify field sources. Since electric field exposure
tevels in the ELF frequencyrange usually do not change, long-term
measurements are not needed.

Basls for evaluation: Spot measurements (maximum) at relevant
points of exposure

Precautionary guidance values

In areas where people spend extended periods of time (>
4 h per day), minimize exposure to ELF electric fields to
levels as low as possible or below the precautionary guid-
ance values specified below.

Table 2: Precautionary guidance values for ELF electric fields.

ELF electric field Daytime Nighttime Sensitive
exposure eXposure populations
Maximum (MAX) 10V/m"2 1V/m? 0.3V/m?

Based on: "NCRP Draft Recommendations on EMF Exposure
Guidelines: Option 2, 1995 (261); 20berfeld (262); *Precautionary
approach by a factor of 3 {field strength). See also TCO
Development (265).

Evaluation guidelines specifically for sleeping areas
Higher frequencies than the mains electricity at 50/60 Hz
and distinct harmonics should be evaluated more critically.
See also the precautionary guidance values for the VLF fre-
quency range further below.
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Radio-frequency radiation (RF)
Measurement specifications

Frequency range: Radio and TV broadcast antennas, mobile phone
base stations, e.g. TETRA (400 MHz),GSM (900 and 1800 MHz),
UMTS (2100 MHz),LTE (800, 900, 1800, 2500-2700 MHz2), cordiess
phone base stations, e.g. DECT (1900), Wi-Fi access points and
clients (2450 and 5600 MHz), WiMAX (3400~3600 MHz). Above
frequencies in MHz refer to European networks,

Type of measurement: Usually electric field [V/m] -> calculated power
density (W/m?; mW/m?; uW/m?]; for conversion units see Table 4.
Field probe: Isotropic, biconical or logarithmic-pesiodic antennas
Detector made; Peak detector with max hold

Measurement voliume;: Point of exposure across bed and workplace
Measurement period: Usually short-term measurements to identify
RF field sources (e.g. acoustic analysis) and peak readings

Basis for evaluation: Band-specific or frequency-specific spot
measurements (peak detector with max hold) of common signals at
relevant points of exposure (e.g. with spectrum analyzer or at least
band-specific RF meter)

Precautionary guidance values for selected RF sources
In areas where people spend extended periods of time (>4 h
per day), minimize exposure to radio-frequency radiation to
levels as low as possible or below the precautionary guid-
ance values specified below. Frequencies to be measured
should be adapted to each individual case. The specific
guldance values take the signal characteristics of risetime
(AT) and periodic ELF “puising” into account (258). Note:
Rectangular signals show short risetimes and consist of a
broad spectrum of frequencies. The current density induced
in the human body increases with increasing frequency in
an approximately linear relationship (266).

Table 3; Precautionary guidance values for radio-frequency radiation.

RF source Max Peak/ Daytime Nighttime  Sensitive
Peak Hold exposure exposure  populations®
Radio broadcast (FM) 10,000 tW/m? 1000 uW/m? 100 uW/m?
TETRA 1000 uW/m? 100 uW/m? 10 uW/m?
DVBT 1000 pW/m? 100 pW/m? 10 pW/m?
GSM (26G) 100 uW/m2 10 pW/m?  1pW/m?
900/1800 MHz

DECT (cordless phone)  t00uW/m?  10uW/m? 1 uW/m?
UMTS (3G) 100 uW/m?2  10pw/m?  1uw/m?
LTE (4G) 100 uW/m? 10 uW/m? 1 uW/m?
GPRS (2.5G) with 10 uW/m? 1 uW/m? 0.1 pW/m?
PTCCH" (8.33 Hz pulsing)

DAB+ (10.4 Hz pulsing) 10 uW/m? 1uW/m? 0.1uW/m?
Wi-Fi 2.4/5.6 GHz 10 uW/m? 1 pW/m? 0.1 uW/m?

(10 Hz pulsing)

*PTCCH, packet timing advance control channel.

Based on: Biolnitiative (9, 10); Kundi and Hutter (260); Leitfaden
Senderbau (221); PACE (42) ; Seletun Statement (40). "Precaution-
ary approach by a factor of 3 (field strength)= a factor of 10 (power
density). See also IARC 2013 (24) and Margaritis et al. (267).
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Table 4: Conversion of radio-frequency radiation measurement units.

Conversion mW/m? 10 1 0.1 0.01 0.001 0.0001
of RF uw/m? 10,000 1000 100 10 1 0.1
Measurement (W/cm? 1 0.1 0.01 0.001 0.0001 0.00001
tnits V/m 1.9 0.6 0.19 0.06 0.019 0.006

Magnetic fields in the VLF range (VLF MF)
Measurement specifications

Frequency range: 3 kHz—3 MHz. Frequency-specific measurements
(spectrum analyzer/EMF meter), e.g. “dirty power”, powerline
communication (PLC), radio-frequency identification transmitters
(RFID), compact Ruorescent tamps (CFL)

Type of measurement: Magnetic field [A/m} - > calculated magnetic
induction {T; mT; uT; nT]

Field probe; Isotropic or anisotropic magnetic field probe

Detector mode; RMS (root mean square)

Measurement volume: Point of exposure across bed and
workplace

Measurement period: Short-term measurements to identify

field sources. Long-term measurements during sleep and work
shift

Basis for evaluation: Long-term measurements: RMS detector,
arithmetic mean and maximum at relevant points of exposure
Note: If an elevated exposure is detected, power quality analyzers
and oscllloscopes can be used on the actual wiring to trace the
source of the dirty power.

Precautionary guidance values

In areas where people spend extended periods of time (>4 h
per day), minimize exposure to VLF magnetic fields to levels
as low as possible or below the precautionary guidance
values specified below.

Table 5: Precautionary guidance values for VLF magnetic fields.

VLF magnetic Daytime Nighttime Sensitive

field exposure exposure populations
Arlthmetic 1nT 1 nT(0.01 mG)? 0.3 nT(0.003 mG)?
mean (AVG) (0.01 mG)¥

Maximum 10nT 10nT (0.1 mG)Y 3 nT(0.03 mG)?
(MAX) (0.1 mG)»

Based on: ¥The current denslty induced in the human body
increases with increasing frequency In an approximately lInear
relationship (266). Therefore, the guidance value of the magnetic
field in the VLF frequency range should be lower than the one of
the 50/60 Hz magnetic field, e.g. for 100 nT RMS/100=1 nT. For the
rationale of 100 nT (avg) and 1 uT (max), see section ELF magnetic
fields. ?Precautionary approach by a factor of 3 (field strength). See
also TCO Development (265).
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Electric fields in the VLF range (VLF EF)
Measurement specifications

Frequency range: 3 kHz-3 MHz. Frequency-specific measurements
(spectrum analyzer/EMF meter), e.g. "dlrty electricity”, powerline
communication (PLC), radio-frequency identification transmitters
(RFID), compact ftuorescent lamps (CFL)

Type of measurement: Electric field [V/m]

Field probe: Isotropic, biconical, logarithmic-periodic electric field probe
Detector mode: RMS arithmetic mean

Measurement volume: Point of exposure across bed and workplace
Measurement period: Short-term measurements to identify field
sources. Long-term measurements during sleep and work shift
Basis for evaluation: Long-term measurements: arithmetic mean at
relevant points of exposure

Note: If an elevated exposure is detected, power quality analyzers
and oscilloscopes can be used on the actual wiring to trace the
squrce of the dirty power,

Precautionary guidance values

In areas where people spend extended periods of time
(>4 h per day), minimize exposure to VLF electric fields to
levels as low as possible or below the precautionary guid-
ance values specified below.

Table 6: Precautionary guidance values for VLF electric fields.

VLF electric fleld Daytime Nighttime Seasitive
exposure exposure populations
Arithmetic mean (AVG) 0.1V/m®  0.01V/m?  0.003V/m?

Based on: "The current density induced in the human body increases
with increasing frequency in an approximately linear relationship
(266). Therefore, the guidancevalue of the electric field in the VLF
frequency range should be lower than the one of the 50/60 Hz elec-
tric field, e.g. for 10 V/m/100 = 0.1 V/m. For the rationale of 10 V/m
and 1V/m, see section ELF electric flelds, ?Precautionary approach
by afactor of 3 (field strength). See also TCO Development (265).

Reduction and prevention of EMF exposure

Preventing or reducing EMF exposure after consulting a

testing specialist is advantageous for several reasons:

{a) To prevent and reduce risks to individual and public
health,

(b) To identify any links to health problems,

(c) To causally treat the EMF-related health problems.

There are numerous potential causes of relevant EMF expo-
sures, and this EMF guideline can only give a few examples.
Further information can be found, for instance, in the docu-
ment “Options to Minimize EMF/ RF/Static Field Exposures
in Office Environments” (268) and “Elektrosmog im Alltag”
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(269). For detailed information on physics, properties, and
measurement of EMF, see Virnich (270); regarding reduc-
tion of radio-frequency radiation (RF) in homes and offices,
see Pauli and Moldan (271).

In most cases, it will be necessary to consult an expert
(e.g. qualified EMF/RF engineer/ consultant) and/or elec-
trician who will advise the person on what measures could
be taken to reduce EMF exposure.

EMF exposure reduction - first steps

As a first step, recommendations are given (also as preven-
tive measures) to eliminate or reduce typical EMF expo-
sures, which may help alleviate health problems within
days or weeks. The following actions may be suggested:

Preventing exposure to radio-frequency radiation (RF)

- Keep mobile phone/smartphone and cordless phone
calls short; use the speakerphone function or a hands-
free kit.

- Avoid wearing the mobile phone/smartphone close to
the body.

— Deactivate all non-essential wireless mobile phone
apps, which cause periodic radiation exposure.

-~ Keep mobile phones/smartphonesin “airplane mode”
whenever possible or deactivate mobile data, Wi-Fi,
Bluetooth and near field communication (NFC) in the
smartphone settings.

~ Disconnect (unplug) the power supply of all DECT
cordless phone base stations. So called “ECO Mode”
or “zero-emission” DECT phones are only condition-
ally recommended because the exposure by the hand-
set is still present. A “traditional” corded phone is
recommended instead.

— Disconnect (unplug) the power supply to all Wi-Fi
access points or Wi-Fi routers. Many LAN routers
now come equipped with additional Wi-Fi. Call the
provider of the LAN router and ask to have the Wi-Fi
deactivated. It is usually also possible to do so online
by following the provider’s instructions.

- In case of external RF radiation sources, rooms -
especially bedrooms ~ facing away from the source
should be chosen.

— Avoid powerline communication for Internet access
(dLAN) and instead use a hardwired Ethernet cable
(LAN).

-~ Avoid exposure to RF radiation (e.g. wireless devices
like, home entertainment, headsets, baby monitors,
computer games, printers, keyboards, mouse, home
surveillance systems) at home, in offices, and in cars.
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- Avoid exposure to energy-efficient lighting (compact
fluorescent lamps as well as some LEDs generate high
frequency transients). These types of lamps can be
replaced with incandescent or line-voltage halogen
incandescentlampsuntil good-quality lighting energy-
efficient lamps become commercially available.

Preventing exposure to ELF electric and magnetic fields
— Move the bed or desk away from the wiring in the
walls and power cords, A minimum distance of 30 cm
(1 ft) from the wall is recommended.
As magnetic fields can pass through walls, make cer-
tain that there are no magnetic sources immediately
beneath or above a bed or in an adjacent room.

- Another simple complementary action is to discon-
nect the power supply to the bedroom (turn off cir-
cuit breaker or fuse) for the nighttime while sleeping;
try it for a test phase of, e.g. 2 weeks. In general, this
measure is not always successful because circuits of
adjacent rooms contribute to the electric field lev-
els. ELF electric field measurements are required to
know exactly which circuit breakers need to be dis-
connected. The benefits should be weighed against
the potential risk of accidents; therefore, the use of a
flashlight for the test phase should be recommended.

- Disconnect the power supply to all non-essential elec-
tric circuits, possibly in the entire apartment or house.
(N.B. See note above.)

- Avoid using an electric blanket during sleep; not only
turn it off, but also disconnect it.

— Avoid extended exposures close to running electric
motors. As a first step, keep a minimum distance of
1.5 m (5 ft). As a second step, establish a safe distance
based on magnetic field measurements.

Preventing exposure to static magnetic/static electric

fields

— Sleepina bed and mattress without metal.

—~ Avoid sleeping close to iron materials (radiator,
steel, etc.)

-~ Wearing synthetic clothing and, e.g. rubber-soled
shoes and not regularly being in contact with the
earth can result in build up of static electricity. Cotton
clothing and leather-soled shoes will help avoid static
electricity.

EMF exposure reduction ~ second steps
As a second step, EMF measurements and mitigation
measures should be carried out. Typical examples are:
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— Measure the ELF electric field in the bed. Based on
the measurement results, install automatic demand
switches in those circuits that increase the exposure.

— Measure the ELF electric field at all other places that
are used for extended periods at home and at work. If
necessary, choose lamps used close to the body with
a shielded electric cable and a grounded lamp fixture
(metal). Especially in lightweight construction (wood,
gypsum board), electrical wiring without ground-
ing (two-slot outlets) might have to be replaced with
grounded electrical wiring or shielded electrical wir-
ing. In special cases, shielded wiring and shielded
outlets may have to be installed in the whole building.

— Measure the ELF magnetic field close to the bed, e.g.
for 24 h. If net currents are detected, the electrical wir-
ing and grounding system of the building must be cor-
rected to reduce the magnetic fields.

—~ Install a residual current device (RCD) or ground-fault
circuit interrupter (GFCI) tc prevent electric shocks
(safety measure).

— Measure radio-frequency radiation and mitigate high
exposure levels by installing certain RF shielding mate-
rials for the affected walls, windows, doors, ceilings,
and floors. For example, in a multiunit setting (condo-
miniums or highrise apartments, townhomes), proxim-
ity to neighbors can contribute to inhome exposure.

— Measure dirty electricity/dirty power (electric and
magnetic fields in the VLF frequency range) and iden-
tify the sources in order to remove them. If this is not
possible, appropriate power filters in line with the
source may be used.

Diagnosis

We will have to distinguish between EHS and other EMF-
related health problems like certain cancers, Alzheimer's,
ALS, male infertility, etc, that might have been induced,
promoted, or aggravated by EMF exposure. An investi-
gation of EHS and other EMF-related health problems
will largely be based on a comprehensive case history,
focusing, in particular, on correlations between health
problems and times, places, and circumstances of EMF
exposure, as well as the progression of symptoms over
time and the individual susceptibility. In addition, meas-
urements of EMF exposure and the results of additional
diagnostic tests (laboratory tests, cardiovascular system)
serve to support the diagnosis. Moreover, all other poten-
tial causes should be excluded as far as possible.

In 2000 the Nordic Council of Ministers (Finland,
Sweden, and Norway) adopted the following unspecific
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ICD-10 code for EHS: Chapter XVIII, Symptoms, signs and

abnormal clinical and laboratory findings, not elsewhere

classified, code R68.8 “Other specified general symptoms

and signs” (Nordic ICD-10 Adaptation, 2000) (272).
Regarding the current International Classification of

Diseases (ICD), ICD-10-WHO 2015, we recommend at the

moment;

(a) Electromagnetic hypersensitivity (EHS): to use the
existing diagnostic codes for the different symptoms
plus code R68.8 “Other specified general symptoms
and signs” plus code Z58.4 “Exposure to radiation”
and/or Z57.1 “Occupational exposure to radiation.”

(b) EMF-related health problems (except EHS): to use the
existing diagnostic codes for the different diseases/
symptoms plus code Z58.4 “Exposure to radiation”
and/or Z57.1 “Occupational exposure to radiation.”

Regarding the next ICD update to be published in 2018

(ICD-11 WHO), we recommend:

(a) To create ICD codes for all environmentally induced
chronic multisystem illnesses (CMI) like multiple
chemical sensitivity (MCS), chronic fatigue syndrome
(CFS), fibromyalgia (FM), and electromagnetic hyper-
sensitivity (EHS) on the basis of their clinical and
pathological description (204, 207).

(b) To expand chapter XIX, Injury, Poisoning and Certain
Other Consequences of External Causes (T66-T78), to
include/distinguish effects of EMF (static magnetic
field, static electric field, ELF magnetic field, ELF
electric field, VLF magnetic field, VLF electric field,
radio-frequency radiation), infrared radiation, visible
light, UV radiation and ionizing radiation.

(c) To expand chapter XXI, Factors Influencing Health
Status and Contact with Health Services (Z00-Z99), to
include/distinguish factors as EMF (static magnetic
field, static electric field, ELF magnetic field, ELF
electric field, VLF magnetic field, VLF electric field,
radio-frequency radiation), infrared radiation, visible
light, UV radiation, and ionizing radiation.

Treatment of the patient including the environment

The primary method of treatment should mainly focus on
the prevention or reduction of EMF exposure that is reduc-
ing or eliminating all sources of EMF at home and in the
workplace. The reduction of EMF exposure should also be
extended to schools, hospitals, public transport, public
places like libraries, etc. in order to enable EHS persons
an unhindered use (accessibility measure). Many exam-
ples have shown that such measures can prove effective.
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With respect to total body load of other environmental
influences, they must also be regarded,

Beside EMF reduction, other measures can and must
be considered. These include a balanced homeostasis
in order to increase the “resistance” to EMF. There is
increasing evidence that a main effect of EMF on humans
is the reduction of their oxidative and nitrosative regu-
lation capacity. This hypothesis also explains observa-
tions of changing EMF sensitivity and the large number
of symptoms reported in the context of EMF exposure.
Based on currently available knowledge it appears useful
to recommend a treatment approach, as those gaining
ground for multisystem illnesses, that aims at minimiz-
ing adverse peroxynitrite effects. Measures that enhance
the immune system and reduce stress in combination
with detoxification will promote EHS recovery.

It should be stressed, that psychotherapy has the
same significance as in other diseases. Products that are
offered in the form of plaques and the like to “neutralize”
or “harmonize” electrosmog should be evaluated with
great restraint. Psychological stress generated by a lack
of understanding or support by family, friends and physi-
cians can exacerbate the symptoms of EHS as can stressing
about exposure. For rapid recovery, the treatments need to
apply to the body, mind and spirit of the individual.

In summary, the following treatment and accessibility
measures appear advantageous, depending on the indi-
vidual case:

Reduction of EMF exposure

This should include all types of EMF exposures relevant
to the person, especially during sleep and at work — see
Chapter “Reduction of EMF Exposure”. For more informa-
tion, see e.g. “Options to Minimize EMF/RF/Static Field
Exposures in Office Environment” (268) and “Elektrosmog
im Alltag” (269).

Environmental medicine treatments
Until now, no specific treatment of EHS has been estab-
lished. The following paragraphs are recommendations
based on the combined experience of the team. They can
be considered either as an attempt to restore the full regu-
lative capacity of the patients, as general advice for healthy
living (that could and should be adapted to the cultural
and individual situation of the patient), or as a more tar-
geted approach to address the specific problems of EHS
individuals according to the experience of the team,
Controlledclinicaltrials would be necessary to assess
optimal treatment and accessibility measures. Actual
data indicate that the functional deficits, which can be
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found in patients with EHS, correspond to those we can
find in CMI such as MCS, CFS, and FM. The target of the
therapy is the regulation of the physiological dysfunction
detected by diagnostic steps (see chapter 2 “Examination
and Findings”). The main therapeutic target includes both
general and adjuvant procedures and specific treatments.

The latter are challenging and need special knowledge

and experience in clinical environmental medicine treat-

ments. Main therapeutic targets include:

— Control of total body burden
Besides the reduction of EMF exposure, the reduction
of the total body burden by various environmental
pollutants (home, workplace, school, hobby), food
additives, and dental materials is indicated.

- Reduction of oxidative and/or nitrosative stress
Reactive oxygen species (ROS) and reactive nitrogen
species (RNS) are free radicals naturally produced
in cells. Scavengers guarantee the balance between
the production of free radicals and the rate of their
removal. Many biologically important compounds
with antioxidant (AO) function have been identified
as endogenous and exogenous scavengers. Among the
endogenous AO, we distinguish between enzymatic
AO (catalase, glutathione peroxidase, glutathione
reductase, superoxide dismutase) and non-enzymatic
AO [bilirubin, ferritin, melatonin, glutathione, metal-
lothionin, N-acetyl cysteine (NAC), NADH, NADPH,
thioredoxin, 1,4,-bezoquinine, ubiquinone, uric acid}.
They interact with exogenous dietary and/or synthetic
AO (carotenoids, retinoids, flavonoids, polyphenols,
glutathione, ascorbicacid, tocopherols). The complex
regulation and use of these substances is the thera-
peutic challenge (232, 273).

-~ Regulation of intestinal dysfunction

Endogenous and exogenous scavengers act synergis-
tically to maintain the redox homeostasis. Therefore,
dietary or natural antioxidants play an important role
to stabilize this interaction.
Treatment of a leaky gut, food intolerance, and food
allergy is a prerequisite for maintaining redox homeo-
stasis (274) and also requires special knowledge and
experience.

— Optimizing nutrition
Bioactive food is the main source of antioxidant com-
ponents such as vitamin C, vitamin E, NAC, carote-
noids, CoQ10, alpha-lipoic acid, lycopene, selenium,
and flavonoids (275, 276). For instance, the regenera-
tion of vitamin E by glutathione or vitamin C is needed
to prevent lipid peroxidation. The dietary antioxi-
dants only can have beneficial effects on the redox
system if they are present in sufficient concentration
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levels (273). Alpha-lipoic acid acts directly and indi-
rectly as a scavenger of free radicals including,
singlet oxygen, superoxide, peroxyl radicals, and the
breakdown radicals of peroxynitrite (232). It has been
shown that the number of free electrons in micronu-
trients determines how effective they are. In organic
food, the number of free electrons is higher than in
conventionally produced food (277). Especially in
the case of food intolerances, the tailored substitu-
tion of micronutrients in the form of supplements is
necessary.

Control of (silent) inflammation

Elevated nitric oxide levels and the reaction with
superoxide always leads to elevated peroxynitrate
levels, which induce ROS levels as no other substance
does (NO/ONOO- cycle). As a result, the nuclear
factor kB (NF-kB) is activated, inducing inflammatory
cytokines such as tumor necrosis factor o (TNF-c),
interleukin-1p (IL-1B), interleukin-6 (IL-6), interleu-
kin-8 (IL-8), and interferon gamma (IFN-y) and acti-
vating various NO syathases (232). Tocopherols (278,
279), carotenoids at low concentration levels (280),
vitamin C (281, 282), NAC (283), curcumin (284), res-
veratrol (285, 286), flavonoids (287) have shown to
interrupt this inflammatory cascade at various points.
Normalization of mitochondrial function
Mitochondrial function may be disturbed in two ways.
First: the high amount of free radicals may block pro-
duction of adenosine triphosphate (ATP), leading to
muscle pain and fatigue. Second: in the case of silent
(smoldering) inflammation, the demand for more
energy is elevated by 25% (236), causing a high con-
sumption of ATP. In this case, NADH, L-carnitine, and
CoQ10 are essential for ATP synthesis.

Due to the lack of ATP, the stress regulation of catecho-
lamines especially norepinephrine (NE) is reduced
because catabolism of NE by S-adenosylmethionine is
ATP dependent (288-290). Furthermore, stress regu-
lation has a high demand for folate, vitamin B6, and
methylcobalamine. Genetic polymorphisms of COMT
and MTHFR influence the individual need for those
substances (244, 291).

Detoxification

In humans, theaccumulation of environmental toxins
has an individual profile of many different inorganic
and organic chemicals, which make up the total body
load (292).

Among the inorganic substances, metals and their
salts play the dominant role and might be of impor-
tance to patients with EHS. Elemental mercury (Hg®)
and other heavy metals such as lead (Pb) accumulate
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in the brain (293), especially at chronic low dose
exposure. They may have toxic effects and can induce
various immune reactions (294, 295). Whereas no
specific active substance generally exists for the
detoxification of chemicals, there are two groups of
substances with more specific effects that can be used
for the detoxification of metals.

1. Substances with nonspecific physiological
effects: glutathione, NAC, alpha-lipoic acid, vita-
min C, and selenium.

2. Chelating agents for detoxification of metals
(296-298): the most important chelating agents
are sodium thiosulfate 10%, DMPS (2,3-dimer-
capto-l-propanesulfonic acid), DMSA (meso-
dimercaptosuccinic acid), and EDTA (2,22,23,232-
ethane-1,2-diyldinitrotetraacetic acid).

It should be noted that these substances should be
used only by those designated as experts in this par-
ticular field.

Adjuvant therapies

1. Drinking water

For detoxification reasons, a higher intake of high-
quality drinking water with low mineral content and
no CO, is needed. The intake quantity should range
from 2.5 to 3.0 L (10-12 8-o0z glasses) daily.

2. Light

Most of the people in central and northern Europe
are depleted of vitamin D. Sufficient natural daylight
exposure during the vitamin D-producing months
(spring to fall) is one important factor. At the same
time, prevention of actinic damage to the skin is nec-
essary. In addition to natural sunlight, light therapy
and low level lasers can promote healing, reduce
inflammation, promote circulation, and enhance cel-
lular ATP production.

3. Sauna

Sauna and therapeutic hyperthermia is an adjuvant
therapy for the detoxification of almost all xenobi-
otics. These therapies have to be carefully used. An
interaction with detoxifying drugs takes place. Sauna
helps to regenerate tetrahydrobiopterin from dihyd-
robiopterin, which is essential for the metabolism of
catecholamines and serotonin (299). However, not
all saunas are alike. Traditional saunas or infrared
satunas with low electric and low magnetic fields that
do not use toxic glues and chemically treated wood
are recommended.
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4. Oxygen

A part of patients with EHS suffer from mitochondrial
dysfunction. Sufficient natural oxygen is helpful. As
both hypoxia and hyperbaric oxygen can produce oxi-
dative stress, hyperbaric oxygen therapy should only
be performed if the patients are treated with sufficient
antioxidants at the same time,

5. Exercise

The optimal amount of exercise is still being debated.
A person’s physical capacity should be assessed by
ergometry in order to prescribe an individual exercise
regime. Environmental medicine experience indicates
that for sick people only low-impact aerobic exercise
should be used. In general, start with a workload of
20-30 watts that often can be finished at 60-70 watts.
Exercise on an ergometer allows better control of
the consumption of energy compared to walking or
running. No fatigue should result from exercising, at
least after half an hour.

6. Sleep

Sleep problems are very common in patients with
EHS. Sleep disturbance is associated with a reduced
melatonin level. In the case of chronic inflammation,
the activation of IDO (indolamine-2,3-dioxygenase)
reduces the production of serotonin and, in turn, it
also reduces melatonin levels. EMF exposure might
block the parasympathetic activity while sympathetic
activity persists. Concerning sleep disturbances, any
therapy has to follow the pathogenic causes. Optimal
sleep is necessary to save energy and to regulate the
functions of theimmune and neuroendocrine systems.

7. Protection from blue light

Wavelengths of visible light below 500 nm are called
“blue light”. Low doses of blue light can increase feel-
ings of well-being, but larger amounts can be harmful
to the eyes. In natural daylight, the harmful effects
of “blue light” are balanced out by the regenerative
effect of the red and infrared content. The escalating
use of electronic light sources — such as fluorescent
tubes and compact fluorescent lamps (CFL), computer
screens, laptops, tablets, smartphones, and certain
LED bulbs - has increased our exposure to “blue
light”, which at this level is suspected of playing a
role in the development of age-related macular degen-
eration and circadian misalignment via melatonin
suppression, which is associated with an increased
risk of sleep disturbance, obesity, diabetes mellitus,

Belyaev et al.: EUROPAEM EMF Guideline 2016 = 25

depression, ischemic heart disease, stroke, and
cancer. Extended exposure to artificial “blue light”
in the evening should therefore be limited. Antioxi-
dants, especially melatonin (300, 301), and blue light
screen filters (302-304) could be helpful.

8. Exposure to the natural electromagnetic fields
of the Earth.
Most people in urban centers are disconnected from
the Earth’s natural grounding/magnetic fields by
walking with rubber-soled shoes, wearing synthetic
clothing, driving in metal boxes with rubber wheels,
and living and working in concrete buildings that are
permeated with artificial electromagnetic fields and
radiation. Spending time in the woods, walking bare-
foot along a beach, lying on the grass, sitting on rocks,
or strolling outside after a rain shower help ground
a person and help balance the often enhanced posi-
tively charged ions that are associated with ill health.

Dental medicine
Dental medicine still works with toxic or immunoreactive
materials, e.g. mercury, lead oxide, gold, and titanium.
Environmental dental medicine demands that these mate-
rials not be used (305-308). The removal of toxic dental
materials must take place under maximum safety condi-
tions (avoid inhalation!). The elimination of particularly
heavy metals from the body might be indicated. In general
terms, endoprosthetic materials should be inert with
respect to immunoreactivity, Based on our current knowi-
edge, zirconium dioxide seems to be a neutral material.
However, mechanical abrasion of the coated surface by
the dentist should be avoided.

Immunotoxic metals show a similar pathophysiology
with respect to oxidative stress, mitochondriopathy, and
inflammation.

Lifestyle coaching

Lifestyle coaching may include balanced exercise, nutri-
tion, reduction of addictive substances, change of sleep
habits, etc. and stress reduction measures (reduction
of general stress and work stress), as well as methods
to increase stress resistance via, e.g. autogenic training,
yoga, progressive muscle relaxation, breathing tech-
nigues, meditation, tai chi, and qigong.

Treatment of symptoms
A well-balanced treatment of symptoms is justified until
the causes have been identified and eliminated. However,
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it is of paramount importance to realize that the reduction
of symptoms may put the person at risk for an increased
environmental EMF load, thus generating possible future,
long-term health effects, including neurological damage
and cancer. The treating physician faces a very diffi-
cult ethical task when doing so, and the associated risks
must be pointed out — in an equally well-balanced way
— to the patient in question. From an ethical perspective,
treating the symptoms is, of course, a very good start to
provide immediate relief, but - without a concurrent envi-
ronmental exposure reduction and lifestyle coaching -
it may prove counter-productive in the long run. For a con-
ventionally trained physician, this might seem a very new
way of reasoning, but it is the only way to successfully and
effectively alleviate symptoms and to achieve complete
clinical recovery when dealing with chronic multisystem
illnesses (CMI) and EHS. Though even if the causes are not
known at the outset, it is already important at this stage
to provide advice on how to reduce a person’s exposure to
electromagnetic fields and other environmental stressors
to prevent further damage and promote healing.
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