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SSM perspective
Background

The Swedish Radiation Safety Authority’s (SSM) Scientific Council on
Electromagnetic Fields monitors current research on potential health
risks with a correlation to exposure to electromagnetic fields and provides the Authority with advice on assessing possible health risks.
The Council gives guidance when the Authority must give an opinion
on policy matters when scientific testing is necessary. The Council is
required to submit a written report each year on the current research
and knowledge situation.
This is a consensus report. This means that all members of the Scientific
Council agree with the complete report. This increases the strength of
the given conclusions.
Objective

The report has the objective of covering the previous year’s research in
the area of electromagnetic fields (EMF) and health. The report gives the
Swedish Radiation Safety Authority an overview and provides an important basis for risk assessment.
Results

The present report is number thirteen in a series and covers studies
published from April 2017 up to and including March 2018. The report
covers different areas of EMF (static, low frequency, intermediate, and
radio frequency fields) and different types of studies such as biological,
human and epidemiological studies.
No new causal relationship between EMF exposure and health risks have
been established.
Overall, the age standardised incidence of brain tumours is within the
annual variations which can be statistically expected and do not give
support to any causal relationship with radio wave exposure from mobile
phone use.
The majority of the animal studies carried out on oxidative stress have
indicated a possible relationship with radio wave exposure, some even
below reference levels. The results are however not an established effect
and further studies are needed to confirm the association in animals
and to establish whether, and to what extent, it may occur in humans.
Oxidative stress is a natural biological process that can sometimes be
involved in pathogenesis, but under what circumstances needs to be
investigated.
Two large animal studies (the US National Toxicology Program (NTP)
study and the Italian Falcioni et al. study) have been published during
the period. Both studies observed a relationship between radio wave
exposure and Schwannoma in the heart for male rats. There is some
inconsistency in the results between the two studies which weakens the
significance of the results. Even if radio wave exposure could induce
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Schwannoma in the heart in humans, it is a very rare tumour in humans
and therefore, the relevance for public health is most likely low.
MRI workers are exposed to strong static magnetic fields. New epidemiological studies on MRI-exposed workers suggest increased risks of
menometrorrhagia (excessive uterine bleeding, both at the usual time
of menstrual periods and at other irregular intervals) in women using
intrauterine devices, accidents during commuting and high blood
pressure. Underlying mechanisms are unclear. Future studies should
explore if these associations are true or if alternative explanations such
as residual confounding, i.e. other factors related to MRI work and the
outcomes under investigations, underlie the observed associations.
The annual report also has a section covering other relevant scientific
reports published recently.
Many studies have been excluded due to poor quality. From a scientific
perspective, studies of poor quality are irrelevant. They are also a waste
of money, human resources and, in many cases, experimental animals
Relevance

The results of the research review give no reason to change any reference levels or recommendations in the field.
The hands-free recommendation for mobile phone calls remains even
though trends of glioma incidences do not provide support for an
increasing risk caused by mobile phone exposure. However, uncertainties regarding possible long-term effects justifies caution.
The authorities’ recommendation to limit the exposure for low frequency magnetic fields still remains, due to the conceivable correlation
between this kind of fields and childhood leukemia.
Need for further research

Despite the fact that no health risks with weak electromagnetic fields
have been established today, the Authority considers that further
research is important especially regarding long-term effects especially as
the entire population is exposed. One key issue here is to further investigate the possible relationship between radio wave exposure and oxidative stress. Another vital issue is to clarify the association between weak
low frequency magnetic fields and childhood leukemia as observed in
epidemiological studies.
New technology for inductive wireless energy transfer based on intermediate frequency magnetic fields will probably be implemented for many
different applications in the near future. In contrast to wireless information transfer technology, wireless energy transmission in principle
always requires relatively strong local fields. This makes it very important
to obtain a robust basis for risk assessment of such fields. Today there
is a lack of studies in this frequency domain, therefore there is a special
need for research here.
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Wireless information technology is constantly taking new steps and new
frequency ranges will be used. The 5th generation mobile telephony
system (5G) will be installed all over the world within the next few years.
Despite the lack of established mechanism for affecting health with weak
radio wave exposure there is however need for more research covering
the novel frequency domains, used for 5G. We also encourage researchers to start forward-looking epidemiological studies, i.e. cohort studies,
in this area.
It is also desirable to investigate different health effects based on combinations between electromagnetic fields and other factors, physical
factors as well as chemical factors.
There is also a need to better clarify the origin for the different problems MRI-exposed workers have experienced.
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Preface
In 2002, the Swedish Radiation Protection Authority (SSI) established an international scientific
council for electromagnetic fields (EMF) and health with the main task to follow and evaluate the
scientific development and to give advice to the authority. The SSI was the responsible authority until
July 2008. That year, the Swedish government reorganized the radiation protection work and the task
of the scientific council is since then handled by the Swedish Radiation Safety Authority (SSM).
In a series of annual scientific reviews, the Council consecutively discusses and assesses relevant new
data and put these in the context of available information. The result will be a gradually developing
health risk assessment of exposure to EMF. The Council presented its first report in December 2003.
The present report is number thirteen in the series and covers studies published from April 2017 up to
and including March 2018.
The composition of the Council that prepared this report has been:
Prof Heidi Danker-Hopfe, Charité – University Medicine, Berlin, Germany
Prof Clemens Dasenbrock, Fraunhofer Institute for Toxicology and Experimental Medicine,
Hannover, Germany
Dr Anke Huss, University of Utrecht, the Netherlands
Dr Leif Moberg, Sweden (chair)
Dr Aslak Harbo Poulsen, Danish Cancer Society, Copenhagen, Denmark
Dr Eric van Rongen, Health Council of the Netherlands, The Hague, The Netherlands
Prof Martin Röösli, Swiss Tropical and Public Health Institute, Basel, Switzerland
Dr Maria Rosaria Scarfi, National Research Council, Naples, Italy
Mr Lars Mjönes, B.Sc., Sweden (scientific secretary)
Declarations of conflicts of interest are available at SSM.
Stockholm in December 2018
Leif Moberg
Chair
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Executive Summary
This report reviews studies on electromagnetic fields (EMF) and health risks, published from April
2017 up to and including March 2018. The report is the thirteenth in a series of annual scientific
reviews which consecutively discusses and assesses relevant new studies and put these in the context
of available information. The result will be a gradually developing health risk assessment of exposure
to EMF.

Static fields
Exposure to static (0 Hz) magnetic fields much greater than the natural geomagnetic field can occur
close to industrial and medical/scientific equipment that uses direct current such as some welding
equipment and various particle accelerators. The main sources of exposure to strong static magnetic
fields (> 1 T)1 are magnetic resonance imaging (MRI) devices for medical diagnostic purposes.
Volunteer studies have demonstrated that movement in such strong static fields can induce electrical
fields in the body and sensations such as vertigo and nausea. The thresholds for these sensations seem
to vary considerably within the population. Workers exposed to fields from MRI scanners are also
affected by these transient symptoms.
Epidemiology
New studies on MRI-exposed workers suggest increased risks of menometrorrhagia (Excessive uterine
bleeding, both at the usual time of menstrual periods and at other irregular intervals) in women using
intrauterine devices, accidents during commuting and high blood pressure. Underlying mechanisms
are unclear. Future studies should explore if these associations are true or if alternative explanations
such as residual confounding, i.e. other factors related to MRI work and the outcomes under
investigations, underlie the observed associations.
Human studies
There is no new information concerning effects of static field exposure from human experimental
studies.
Animal studies
Only two studies were identified. These did not show adverse biological effects on spermatogenesis or
diabetes. By contrast, the rat study on diabetically induced osteoporosis exemplarily demonstrated that
4 mT static magnetic field exposure may biophysically antagonize osteopenia/osteoporosis.
Cell studies
As stated in previous reports, a large number of studies have been published on the effect of exposure
to static magnetic fields on cell cultures but in most of these no sham-controls have been assessed.
Therefore, such papers have not been included in the analysis. The studies considered confirm that
static magnetic fields are able to modify, by increasing or decreasing, the effect induced by chemical
agents.

Extremely low frequency (ELF) fields
The exposure of the general public to extremely low frequency (ELF) fields (>0 Hz-300 Hz) is
primarily from 50 and 60 Hz electric power lines and from electric devices and wiring in buildings.
Regarding the exposure to ELF magnetic fields and the development of childhood leukaemia, the
latest studies did not consistently observe an association. However, these studies did not use new
approaches and the same limitations as in previous research apply. Thus, the conclusion from previous

1

These magnetic fields (>1 T) are about a thousand times stronger than magnetic fields used in animal and cell studies which
are most often in the mT-range. The geomagnetic field at the Earth´s surface ranges from 25 to 65 microtesla (µT).
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Council reports still holds: epidemiologically, associations have been observed, but a causal
relationship has not been established.
Epidemiology
Three new studies on ALS suggest an association with occupational ELF magnetic field exposure.
One of the studies also evaluated occupational risk of electric shocks but did not observe associations
with ALS risk. Overall, whether electric shocks are underlying observed increased risks in workers or
whether associations are due to ELF magnetic field exposure (or possibly other factors) still remains
unclear. A meta-analysis on this topic indicates that the chance to observe an association with ELF
magnetic field exposure depends on the quality of the exposure assessment, with higher quality
exposure assessment studies more likely to observe increased risks, which speaks for a possible
association. Another meta-analysis on Alzheimer’s disease found an overall increased risk but with
substantial heterogeneity between studies, which could not be explained by study characteristics. One
study did not identify increased risks of ALS with respect to residential exposure, but the study
included only very few exposed cases. Two other original studies addressed adult cancer risk in
relation to occupational ELF magnetic field exposure. Overall the results of occupational studies on
adult cancer are inconsistent and no firm conclusions can be made on this subject. A large French
study did not find a link between maternal ELF magnetic field exposure during pregnancy and various
pregnancy outcomes, not supporting the hypothesis that ELF magnetic field exposure during
pregnancy is a health risk for the foetus. One study evaluating residential ELF magnetic field exposure
and leukaemia risk of children observed slightly elevated risks, in line with previous reports. An
analysis stratified over the two decades of observation period did not indicate strongly differing risks
by time period, thus not confirming two earlier reports that had observed strongly decreasing risks
over time.
Human studies
Since human experimental studies are very scarce, the only conclusion that can be drawn is that there
is no substantial new information on effects of exposure to extremely low frequency (ELF) magnetic
fields in humans.
Animal studies
For this reporting period fewer animal studies were identified. Similar to previous Council reports,
most studies looked at one exposure level only, typically in the 1 mT range at 50 or 60 Hz, which is
five times higher than the ICNIRP reference value. These studies cannot evaluate exposure-response
relationships relevant for public exposure. Four brain and behavioural studies did not provide insight
on potential ELF magnetic field mechanism(s). The same holds for single studies addressing oxidative
stress, (immune) physiology and fertility.
In addition to the two large Italian co-carcinogenicity studies reported in the previous, twelfth, Council
report, the same research group reported now the corresponding cancer study after ELF magnetic field
mono-exposures. However, again only on single tumour types, including hemolymphoreticular
neoplasia. Various magnetic field strengths did not result in significant differences of specific
(adenocarcinomas of the mammary gland, malignant Schwannomas of the heart, thyroid C-cell
carcinomas, hemolymphoreticular neoplasias) and total malignant tumour incidences. Including this
cancer study, none of the animal studies directly addressed childhood leukaemia which is still of
relevance in view of the results of epidemiological studies.
Cell studies
The ELF in vitro studies evaluated several biological endpoints, including proliferation, viability,
senescence, antioxidant defences and DNA damage. As for the previous report, the results are not
univocal, with increase, decrease or no difference compared to sham controls. Moreover, also in this
case, several studies lack sham-controls and have been excluded.
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Intermediate frequency (IF) fields
The intermediate frequency (IF) region of the electromagnetic spectrum (300 Hz-10 MHz) is defined
as being between the low frequency and the radiofrequency ranges. Despite increasing use of IF
magnetic field-emitting sources such as induction hobs and anti-theft devices, scientific evaluation of
potential health risks is scarce. For some of these sources, exposure assessment, especially of induced
internal electric fields, remains challenging. Very few experimental studies are available on (health)
effects of IF electromagnetic fields and no conclusions can be drawn at present. Additional studies
would be important because human exposure to such fields is increasing, for example from different
kinds of electronic article surveillance systems. Studies on possible effects associated with chronic
exposure at low levels are particularly relevant for confirming adequacy of international exposure
limits.
Epidemiological studies
Only one study dealt with potential risks from intermediate field exposure on miscarriage or other
birth outcomes. The study was small and had large uncertainty regarding exposure levels. It is
therefore limited in its ability to determine presence or absence of increased risks.
Human studies
There is no new information concerning effects of intermediate field exposure from human
experimental studies.
Animal studies
In the 7.5 kHz range three mouse studies did not result in adverse effects on fertility, reproduction,
learning and behaviour. In this context it should be noted that the upper magnetic field strength (120
µT) is about twice of nowadays cashiers’ work place-exposures.
Cell studies
There is no new information concerning effects of intermediate field exposure from cell studies.

Radiofrequency (RF) fields
The general public is exposed to radiofrequency fields (10 MHz-300 GHz) from different sources,
such as radio and TV transmitters, Wi-Fi, cordless and mobile phones and their supporting base
stations and wireless local area networks. Among parts of the public there is concern about possible
health effects associated with exposure to radiofrequency fields. Particularly, in some countries,
concern about the use of Wi-Fi in schools has grown in recent years. Measurements and exposure
calculations have shown that radiofrequency field exposure is dominated by personal mobile phone
use. Environmental sources such as mobile phone base stations play a minor role.

Epidemiology
Several new meta-analyses on brain tumour risk in relation to mobile phone use have been published.
However, these papers do not contribute to a better understanding as essentially the identical
underlying study base was re-analysed several times. Moreover, the selection of studies in these metaanalyses was not done in a systematic manner. Overall, time trends of brain tumour incidence stay
rather constant over time. Increases have been reported for specific subtypes of tumours and decreases
in some others. Most likely, changes in coding praxis are responsible for shifting number of cases
between different diagnoses. Thus, future incidence studies should carefully report results for all
diagnoses and locations within a disease entity to allow better interpretation of the data.
Two studies on mobile phone use during pregnancy found positive and negative effects suggesting
other factors than radiofrequency EMF exposure may be at play. In terms of symptoms, several studies
reported associations with self-reported mobile phone use but not exposure from transmitters. These
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studies may indicate that other aspects related to frequent mobile phone use (e.g. distraction or stress)
than radiofrequency EMF emissions may have an impact on health-related quality of life.
Human studies
Three studies on effects of radiofrequency EMF exposure address endpoints other than the studies
covered in the last reporting period. One human experimental study on EMF concludes that there is no
effect on visually evoked potentials, a second study underlines that a 40 Hz modulation of the
radiofrequency signal affects EEG power. The conclusion of a third study, that radiofrequency
exposure does not affect the autonomous nervous system in subjects who declared themselves to be
electrohypersensitive is certainly limited by the small sample size and the related small power.
Animal studies
Two animal studies (the US National Toxicology Program (NTP) study and the Italian Falcioni et al.
study) both have a number of positive aspects, including their sample size and the duration of the
exposure and the attempts to provide a comprehensive analysis of the pathology. For most of the
endpoints studied in mice and rats in the US NTP study, no significant association with radiofrequency
EMF exposure was observed. An exception was schwannoma of the heart in male rats. However, the
results are inconsistent between the US and the Italian studies in terms of the exposure levels where
increased tumour incidences are observed, and the main endpoint, schwannoma of the heart, is a very
rare tumour in humans and therefore, likely, the public health relevance is not very high.
Moreover, it is a tumour that has never appeared in any experimental radiofrequency carcinogenesis
study. It is peculiar that it now appears in two studies published at the same time, and that the tumour
shows up only in male rats and not in mice. Strikingly, male rats showed a higher increase in core
temperature than female rats and mice but a discussion on the effects of heating at the high exposure
level in male rats is missing. Altogether, these studies cannot be considered as clear indications for
carcinogenicity of exposure to radiofrequency fields in humans.
Eleven studies of sufficient quality were identified that investigated behavioural and cognitive effects
and effects on neurotransmitters of exposure to radiofrequency EMF. In most studies some effect was
observed, but it is difficult to find a clear overall picture. It is remarkable that both in studies with
relatively low (whole-body average SAR 14-179 mW/kg) and high (brain SAR 7 W/kg) exposure
levels effects on memory were observed, while in studies employing whole-body average SARs of
0.2-3.3 W/kg no effect was found. Anxiety was found to be increased in two out of three studies.
Several studies found effects on neurotransmitter/signalling pathways in cortex or hippocampus, but
this was also not clearly related to exposure levels. In one study using transgenic mice for human
Alzheimer-related genes, the effects on behaviour of the genetic alterations was cancelled out by
radiofrequency EMF exposure.
In eight of the nine studies on apoptosis or oxidative stress, an effect indicative of increased oxidative
stress was observed. The one study on blood-brain barrier found leakage only with the very high local
brain exposure of 13 W/kg, which might have resulted in heating. Finally, a whole-body average SAR
of 0.01 W/kg was shown to result in changes in Purkinje cells in the cerebellum. In contrast to earlier
studies, newer studies indicate possible effects of relatively low-level radiofrequency EMF exposures
on oxidative stress. The results are however not conclusive and further studies are needed to confirm if
the association occurs in animals and to establish whether and to what extent it may occur in humans.
Cell studies
Also in this evaluation period a large number of studies have been published on the effect of
radiofrequency EMF exposure on cell cultures, given alone or in combination with other chemical or
physical agents, but about 50% of them have not been included in the analysis due to scanty quality of
the research. Most of the studies considered do not indicate effects of radiofrequency exposure. In
addition, they confirm that radiofrequency EMF exposure is able to modify (by increasing or
decreasing) the effect induced by chemical or physical agents.
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Sammanfattning
I rapporten granskas studier av elektromagnetiska fält och hälsorisker, publicerade från april 2017 till
och med mars 2018. Det är den trettonde i en serie årliga vetenskapliga granskningar som fortlöpande
diskuterar och utvärderar relevanta nya data och värderar dessa i förhållande till redan tillgänglig
information. Resultatet blir en kontinuerligt utvecklad uppskattning av hälsorisker från exponering för
elektromagnetiska fält.

Statiska fält
Exponering för statiska (0 Hz) magnetfält som är mycket starkare än det naturligt förekommande
geomagnetiska fältet kan förekomma i närheten av industriell och medicinsk/vetenskaplig utrustning
som använder likström, som t.ex. elsvetsutrustningar och olika typer av partikelacceleratorer. Den
viktigaste källan till exponering för starka statiska magnetfält (> 1 T)2 är användningen av
magnetkamera för medicinsk diagnostik. Studier på frivilliga försökspersoner har visat att rörelser i
starka statiska fält kan inducera elektriska fält i kroppen och orsaka yrsel och illamående.
Tröskelvärdena för dessa effekter tycks dock variera avsevärt mellan olika individer. Personal som
arbetar med magnetkameror kan påverkas av dessa fenomen.

Epidemiologi
Nya studier på personal som arbetar med magnetkamera antyder ökade risker för olyckor i samband
med färd från och till arbetet, förhöjt blodtryck samt för kvinnor en ökad risk för blödningar från
livmodern både under menstruation och mellan menstruationerna (menometrorragi). De underliggande
mekanismerna är oklara. Framtida studier bör undersöka om dessa samband är verkliga eller om
alternativa förklaringar skulle kunna orsaka de observerade sambanden: t.ex. kvarliggande
förväxlingsfaktorer, dvs. andra faktorer som kan ha samband med arbete med magnetkamera och de
observerade riskerna.
Ingen ny information har tillkommit rörande påverkan från exponering för statiska magnetfält från
experimentella humanstudier

Djurstudier
Endast två studier har identifierats. De visar inte på några skadliga biologiska effekter på
spermieproduktion eller diabetes. Däremot demonstrerade en studie på råttor med diabetiskt inducerad
benskörhet att exponering för 4 mT statiskt magnetfält skulle kunna, på biofysisk väg, motverka
benskörhet och försämrad mineraltäthet i ben.

Cellstudier
Som konstaterats i föregående rapporter har ett stort antal studier publicerats rörande effekter från
exponering för statiska magnetfält på cellkulturer, men i de flesta fall saknas utvärdering av
oexponerade kontroller. Studier där oexponerade kontroller saknas beaktas inte i rapporten. De studier
som analyserats bekräftar att statiska magnetfält kan modifiera, antingen förstärka eller försvaga,
effekter som inducerats av kemiskt verksamma faktorer.

Lågfrekventa fält
Allmänheten exponeras för lågfrekventa fält (>0-300 Hz) i första hand från kraftledningar med
frekvenserna 50 och 60 Hz och från elektriska installationer och apparater i byggnader. När det gäller
sambandet mellan exponering för lågfrekventa magnetfält och utvecklingen av barnleukemi visar de
2

De statiska magnetfälten i en magnetkamera är större än 1 T vilket är omkring tusen gånger starkare än de magnetfält som
normalt används i djurstudier och cellstudier som oftast är i milliteslaområdet. Det geomagnetiska fältet vid jordytan varierar
mellan 25 och 65 mikrotesla.
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senaste studierna inte samstämmigt på samband. Inga nya undersökningsmetoder har emellertid
använts i dessa nya studier och de har därför samma begränsningar som tidigare forskning. Därför
gäller fortfarande slutsatsen från Rådets tidigare rapporter: I epidemiologiska studier har samband
observerats men orsaken till detta har inte kunnat fastställas.

Epidemiologi
Tre nya studier rörande ALS (amyotrofisk lateralskleros) antyder ett samband med yrkesexponering
för lågfrekventa magnetfält. En av studierna utvärderade också yrkesrisken från elstötar men fann
inget samband med risk för ALS. Sammantaget är det fortfarande oklart om elstötar ligger bakom
observerade förhöjda risker för ALS i yrkeslivet eller om sambanden orsakas av exponering för
lågfrekventa magnetfält, eller om sambanden orsakas av andra faktorer. En metaanalys i ämnet antyder
att möjligheten att hitta ett samband med exponering för lågfrekventa magnetfält är beroende av
kvaliteten på exponeringsuppskattningen. Högre kvalitet på exponeringsuppskattningen ökar
möjligheterna att observera förhöjda risker och därmed möjligheten att hitta möjliga samband. En
annan metaanalys, på studier av Alzheimers sjukdom, fann sammantaget en förhöjd risk men med
påtagliga skillnader mellan de olika studierna som inte kunde förklaras av studiernas utformning. En
studie fann ingen ökad risk för ALS från yrkesexponering, men den studien omfattade bara mycket få
exponerade fall. Två andra originalstudier undersökte cancer i förhållande till yrkesexponering för
lågfrekventa magnetfält.
Sammantaget är resultaten från studier av cancer hos vuxna och yrkesexponering för lågfrekventa
magnetfält motsägelsefulla och inga säkra slutsatser kan dras. En stor fransk studie fann inget
samband mellan moderns exponering för lågfrekventa magnetfält under graviditeten och olika
graviditetsutfall. Studien ger inte stöd för hypotesen att exponering för lågfrekventa magnetfält under
graviditeten skulle kunna utgöra en risk för fostret. En studie som utvärderade samband mellan
exponering för lågfrekventa magnetfält i hemmet och risk för barnleukemi fann något förhöjda risker i
likhet med tidigare rapporter. En analys som omfattade en observationsperiod av 20 år fann inga stora
skillnader i risk över tid, och kunde sålunda inte bekräfta resultaten från två tidigare studier som
rapporterat en starkt avtagande risk över tid.

Studier på människa
Eftersom mycket få experimentella humanstudier har identifierats, så är slutsatsen att det inte finns
någon ny information om påverkan på människor från exponering för lågfrekventa magnetfält.

Djurstudier
Under den här rapporteringsperioden har färre djurstudier än tidigare identifierats. Liksom tidigare så
har de flesta studierna undersökt endast en exponeringsnivå, oftast i 1 mT-området vid 50 eller 60 Hz,
vilket är fem gånger högre än ICNIRP:s referensvärde för allmänheten. Dessa studier kan därför inte
utvärdera exponering-responssamband som är relevanta för exponering av allmänheten. Fyra studier
som undersökte hjärna och beteende gav ingen kunskap om möjliga mekanismer för påverkan av
exponering för lågfrekventa magnetfält. Detsamma gäller för enstaka studier som undersökte oxidativ
stress, (immun)fysiologi och fertilitet.
Utöver de två stora italienska cancerstudierna, där exponering för lågfrekventa magnetfält kombinerats
med samtidig exponering för gammastrålning respektive intag av formaldehyd, som diskuterades i
föregående rapport från Rådet har samma forskargrupp nu rapporterat motsvarande cancerstudie efter
exponering för en enda typ av exponering för lågfrekventa magnetfält. Dock omfattar studien bara
enstaka tumörtyper, däribland maligna lymfoida tumörer (lymfom, lymfatisk leukemi m.fl.).
Exponering för magnetfält av olika styrka resulterade inte i signifikant olika incidenser av specifika
tumörer (adenokarcinom i bröstkörteln, schwannom i hjärtmuskeln, tyroid c-cellscancer, lymfoida
tumörer) eller totala antalet tumörer. Ingen av de identifierade studierna behandlade mekanismer som
skulle kunna ha betydelse för utveckling av barnleukemi, något som fortfarande är relevant med tanke
på resultaten från epidemiologiska studier.
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Cellstudier
In vitro-studierna för exponering för lågfrekventa magnetfält undersökte flera olika biologiska utfall,
inklusive celltillväxt, cellöverlevnad, cellåldrande, antioxidantförsvar och DNA-skador. Liksom i
föregående rapport från Rådet är resultaten från studierna inte entydiga utan kan innebära både ökning,
minskning och ingen skillnad jämfört med oexponerade kontroller. Många studier saknar oexponerade
kontroller och har därför inte granskats.

Intermediära fält
Det intermediära frekvensområdet (300 Hz-10 MHz) av det elektromagnetiska spektret ligger
definitionsmässigt mellan det lågfrekventa och det radiofrekventa områdena. Trots en ökande
användning av apparater som medför exponering för intermediära fält, som t.ex. larmbågar i butiker
och induktionsspisar, så har möjliga hälsorisker utvärderats endast i mycket liten utsträckning.
Exponeringsuppskattningen, särskilt för inducerade interna elektriska fält, är fortfarande en utmaning
för den här typen av exponeringskällor. Mycket få experimentella studier rörande hälsoeffekter från
exponering för intermediära fält finns tillgängliga, och inga slutsatser kan dras för närvarande. Fler
studier skulle vara värdefulla eftersom människor exponeras för dessa fält i ökande grad. Studier av
möjliga effekter av långvarig exponering för låga nivåer är särskilt betydelsefulla för att bekräfta
tillförlitligheten i gällande rikt- och gränsvärden.

Epidemiologi
Den enda studie som identifierats undersökte möjliga risker från exponering för intermediära fält för
missfall eller andra graviditetsutfall. Studien var liten och hade stora osäkerheter vad gäller
exponeringsnivåer. Möjligheten att utifrån denna studie bedöma risker är därför begränsad.

Studier på människa
Inga nya humanstudier har identifierats.

Djurstudier
I tre studier på möss som exponerats i frekvensområdet 7,5 kHz framkom inte några negativa effekter
på fertilitet, fortplantning eller beteende. Den maximala styrkan på magnetfälten i undersökningarna,
120 µT, är ungefär dubbelt så hög som arbetsplatsexponeringen för dagens kassapersonal.

Cellstudier
Inga nya cellstudier har identifierats

Radiofrekventa fält
Allmänheten exponeras för radiofrekventa fält (10 MHz-300 GHz) från en mängd olika källor som
radio- och TV-sändare, trådlösa telefoner och mobiltelefoner och deras respektive basstationer samt
från trådlösa datornätverk. Delar av allmänheten känner oro för möjliga hälsoeffekter som skulle
kunna orsakas av exponering för radiofrekventa fält. Framför allt har oron för användningen av
trådlösa datornätverk i skolor ökat under senare år i en del länder. Mätningar och beräkningar har visat
att de högsta exponeringsnivåerna orsakas av användning av egen mobiltelefon. Omgivningskällor
som basstationer för mobiltelefoni spelar endast en mindre roll.

Epidemiologi
Flera nya metaanalyser av risk för hjärntumör relaterat till användning av mobiltelefon har publicerats.
Dessa studier bidrar emellertid inte till ökad kunskap eftersom det i huvudsak är samma underliggande
studiebas som analyserats upprepade gånger. Dessutom har urvalet av studier i dessa metaanalyser inte
gjorts på något systematiskt sätt. Variationen över tid av nya fall av hjärntumörer är relativt konstant.
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Ökning har rapporterats för vissa typer av tumörer och minskningar för andra. Det troliga är att
variationen i antal fall för olika diagnoser orsakas av ändringar i kodningspraxis. Framtida studier av
nya fall av hjärntumörer bör därför noggrant rapportera resultat för alla diagnoser för en viss typ av
sjukdom för att möjliggöra en bättre bedömning av data.
Två studier av mobiltelefonanvändning under graviditet fann positiva och negativa effekter som
antyder att andra faktorer än exponering för radiofrekventa fält kan vara orsaken. När det gäller
symtom så rapporterar flera studier samband med egenrapporterad mobiltelefonanvändning men inte
med exponering från olika typer av radiosändare. Dessa studier kan tyda på att andra faktorer (t.ex.
distraktion eller stress) än exponeringen för radiofrekventa fält vid frekvent mobiltelefonanvändning
kan ha betydelse för hälsorelaterad livskvalitet.

Studier på människa
Tre studier rörande effekter av exponering för radiofrekventa fält undersöker andra utfall än de studier
som analyserats i föregående rapport. En experimentell humanstudie visar att en metod för att
undersöka synnervens funktion inte påverkas av exponering för radiofrekventa fält. En annan studie
understryker att 40 Hz modulation av den radiofrekventa signalen påverkar EEG. Slutsatsen från en
tredje studie, att exponering för radiofrekventa fält inte påverkar det autonoma nervsystemet hos
personer som anser sig vara elöverkänsliga är av begränsat värde eftersom urvalet var litet och den
statistiska styrkan därför liten.

Djurstudier
Två djurstudier, NTP-studien (National Toxicology Program) från USA och den italienska studien av
Falcioni och medarbetare har båda ett antal positiva aspekter, bl.a. storleken, exponeringstiden och
ambitionen att göra en noggrann analys av patologin. För de flesta resultatmått som studerades för
möss och råttor i den amerikanska NTP-studien sågs inte några signifikanta samband med exponering
för radiofrekventa fält. Ett undantag var schwannom i hjärtat hos hanråttor. Detta observerades också i
den italienska studien, som enbart studerade råttor. Resultaten överensstämmer emellertid inte mellan
de två studierna när det gäller vid vilka exponeringsnivåer ökad tumörförekomst har observerats. Det
viktigaste undersökningsresultatet, schwannom i hjärtat, är en mycket ovanlig tumör hos människor
och därför är betydelsen ur folkhälsosynpunkt tveksam. Dessutom är det en tumör som aldrig tidigare
har förekommit i någon experimentell cancerstudie med radiofrekventa fält. Det är anmärkningsvärt
att den nu dyker upp i två studier som publicerats samtidigt och att tumören hittas bara hos hanråttor
och inte hos möss. Det är slående att hanråttor uppvisade en större ökning av kroppstemperaturen än
honråttor och möss och att en diskussion om uppvärmningseffekter från den höga exponeringsnivån
för hanråttor saknas. Sammantaget kan dessa studier inte anses ge några klara indikationer på att
radiofrekventa fält skulle vara cancerframkallande hos människor.
Elva studier av godtagbar kvalitet har identifierats som har undersökt beteendemässiga och kognitiva
effekter respektive effekter på ämnen (neurotransmittorer) som förmedlar nervsignaler på kemisk väg
från en nervcell till en annan vid exponering för radiofrekventa fält. I de flesta studierna observerades
någon typ av effekt, men det är svårt att urskilja någon klar och sammanhängande bild. Det är
anmärkningsvärt att effekter på minnesfunktioner observerades både i studier med relativt låga
exponeringsnivåer (genomsnittlig helkropps-SAR på 14-179 mW/kg) och höga nivåer (hjärn-SAR 7
W/kg) medan några effekter inte observerades i studier med helkropps-SAR på 0,2-3,3 W/kg.
Oro/ångest ökade i två av tre studier. Flera studier fann effekter på neurotransmittorer/signalvägar i
cortex eller hippocampus, men det fanns ingen tydlig koppling till exponeringsnivå. I en studie som
använde transgena möss i en djurmodell anpassad för Alzheimer hos människa försvann de
beteendemässiga effekterna vid exponering för radiofrekventa fält.
I åtta av de nio granskade studierna av apoptos och oxidativ stress observerades en effekt som
indikerar ökad oxidativ stress. Den enda studien på blod hjärn-barriären fann läckage endast vid den
mycket höga lokala exponeringsnivån 13 W/kg, vilket kan ha varit en effekt av uppvärmning.
Slutligen observerades förändringar i Purkinje-cellerna (en speciell typ av nervceller) i lillhjärnan vid
en nivå av helkropps-SAR på 0,01 W/kg. I motsats till tidigare studier så tyder nyare studier på
möjliga effekter på oxidativ stress vid relativt låga exponeringsnivåer. Resultaten är emellertid inte
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säkerställda och ytterligare studier är nödvändiga för att bekräfta sambandet hos försöksdjur och för att
fastställa om, och i så fall i vilken utsträckning, detta även gäller för människor.

Cellstudier
Även under denna rapporteringsperiod har ett stort antal studier publicerats rörande påverkan på
cellkulturer från exponering för radiofrekventa fält, antingen som enda exponering eller i kombination
med kemiskt eller fysikaliskt verksamma faktorer. Ungefär 50 procent av studierna har dock inte
beaktats i rapporten beroende på dålig kvalitet på forskningen. De flesta studier som inkluderats tyder
inte på några effekter från exponering för radiofrekventa fält. Däremot bekräftar de att exponering för
radiofrekventa fält kan modifiera, antingen förstärka eller försvaga, en effekt som inducerats av
kemiskt eller fysikaliskt verksamma faktorer.
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Preamble
In this preamble we explain the principles and methods that the Council uses to achieve its goals.
Relevant research for electromagnetic fields (EMF) health risk assessment can be divided into broad
sectors such as epidemiologic studies, experimental studies in humans and in animals, and in vitro
studies. Studies on biophysical mechanisms, dosimetry, and exposure assessment are also considered
as integrated parts in these broad sectors. A health risk assessment evaluates the evidence within each
of these sectors and then weighs together the evidence across the sectors to provide a combined
assessment. This combined assessment should address the question of whether or not a hazard exists,
i.e. if a causal relation exists between exposure and some adverse health effect. The answer to this
question is not necessarily a definitive yes or no, but may express the likelihood for the existence of a
hazard. If such a hazard is judged to be present, the risk assessment should also address the magnitude
of the effect and the shape of the exposure response function, i.e. the magnitude of the risk for various
exposure levels and exposure patterns.
As a general rule, only articles that are published in English language peer-reviewed scientific
journals3 since the previous report are considered by the Council. A main task is to evaluate and assess
these articles and the scientific weight that is to be given to each of them. However, some of the
studies are not included in the Council report either because the scope is not relevant, or because their
scientific quality is insufficient. For example, poorly described exposures and missing unexposed
(sham) controls are reasons for exclusion. Such studies are normally not commented upon in the
annual Council reports (and not included in the reference list of the report)4. Systematic reviews and
meta-analyses are mentioned and evaluated, whereas narrative and opinion reviews are generally not
considered.
The Council considers it to be of importance to evaluate both positive and negative studies, i.e. studies
indicating that exposure to electromagnetic fields has an effect and studies indicating a lack of an
effect. In the case of positive studies the evaluation focuses on alternative factors that may explain the
positive result. For instance, in epidemiological studies it is assessed with what degree of certainty it
can be ruled out that an observed positive result is the result of bias, e.g. confounding or selection bias,
or chance. In the case of negative studies it is assessed whether the lack of an observed effect might be
the result of (masking) bias, e.g. because of too small exposure contrasts or too crude exposure
measurements. It also has to be evaluated whether the lack of an observed effect is the result of
chance, a possibility that is a particular problem in small studies with low statistical power. Obviously,
the presence or absence of statistical significance is only one of many factors in this evaluation.
Indeed, the evaluation considers a number of characteristics of the study. Some of these characteristics
are rather general, such as study size, assessment of participation rate, level of exposure, and quality of
exposure assessment. Particularly important aspects are the observed strength of the association and
the internal consistency of the results including aspects such as exposure-response relation. Other
characteristics are specific to the study in question and may involve aspects such as dosimetry, method
for assessment of biological or health endpoint and the relevance of any experimental biological model
used.5
It should be noted that the result of this process is not an assessment that a specific study is
unequivocally negative or positive or whether it is accepted or rejected. Rather, the assessment will
result in a weight that is given to the findings of a study. The evaluation of the individual studies
within a sector of research is followed by the assessment of the overall strength of evidence from that
sector with respect to a given outcome. This implies integrating the results from all relevant individual
studies into a total assessment taking into account the observed magnitude of the effect and the quality
of the studies.
3

Articles are primarily identified through searches in relevant scientific literature data bases; however, the searches will never give a complete list
of published articles. Neither will the list of articles that do not fulfil quality criteria be complete.
4
Articles not taken into account due to insufficient scientific quality are listed in an appendix and reasons for not being taken into account are
indicated.
5
For a further discussion of aspects of study quality, see for example the Preamble of the IARC (International Agency for Research on Cancer)
Monograph Series (IARC, 2002).
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In the final overall evaluation phase, the available evidence is integrated over the various sectors of
research. This involves combining the existing relevant evidence on a particular endpoint from studies
in humans, from animal models, from in vitro studies, and from other relevant areas. In this final
integrative stage of evaluation the plausibility of the observed or hypothetical mechanism(s) of action
and the evidence for that mechanism(s) have to be considered. The overall result of the integrative
phase of evaluation, combining the degree of evidence from across epidemiology, human and animal
experimental studies, in vitro and other data depends on how much weight is given on each line of
evidence from different categories. Human epidemiology is, by definition, an essential and primordial
source of evidence since it deals with real-life exposures under realistic conditions in the species of
interest. The epidemiological data are, therefore, given the greatest weight in the overall evaluation
stage. However, epidemiological data has to be supported by experimental studies to establish a causal
link between exposure and health.
An example demonstrating some of the difficulties in making an overall assessment is the evaluation
of ELF magnetic fields and their possible causal association with childhood leukaemia. It is widely
agreed that epidemiology consistently demonstrates an association between ELF magnetic fields and
an increased occurrence of childhood leukaemia. However, there is lack of support for a causal
relation from observations in experimental models and a plausible biophysical mechanism of action is
missing. This had led IARC to the overall evaluation of ELF magnetic fields as “possibly carcinogenic
to humans” (Group 2B).
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1. Static fields
1.1. Epidemiological studies
Previous SSM reports concluded that epidemiological studies confirmed associations between
magnetic resonance imaging (MRI) work and experiencing acute symptoms, but little could be
concluded in terms of potential long-term health effects. Traffic accidents while commuting had been
suggested to be the consequences of workers’ long term MRI exposure. No indication was observed
for an increased risk of stillbirth for mothers with an MRI scan during pregnancy.
Petri et al. (2017) systematically reviewed studies evaluating effects of static electric fields on human
(and vertebrates’) health. One observational study (and several experimental studies, summarised
under “Human Studies”) published in 1984 was found. The study reported no adverse health effects in
high voltage line workers.
In a Dutch survey among 381 female radiographers registered with their national association it was
evaluated whether MRI work with intrauterine devices (IUDs) is related to abnormal uterine bleeding
(menometrorrhagia) (Huss et al. (2018b)). A total of 68 women reported using IUDs. They were more
likely to experience menometrorrhagia (OR=2.1 (95% confidence interval: 0.9–4.9) compared to
unexposed women not using IUDs by considering age, self-reported physical, emotional, and general
work stress in the analysis. Associations were stronger for women reporting being present during
image acquisition (OR: 3.4, 95% CI 1.3–9.3).
This study indicates that stray fields from MRI scanners may cause abnormal uterine bleeding in
radiographers using IUDs as suggested by previous case reports. Limitations of the study include the
relatively small sample size and the modest participation rate (ca. 30%), which may have produced
selection bias if affected and exposed persons were more likely to respond to the survey. The fact that
both work practices and outcome are self-reported might also have introduced some bias.
In the same survey, Huss et al. (2017) investigated a potential association between occupational
exposure to MRI and an increased risk of accidents in 490 male and female radiographers. After
adjusting for a range of potential confounders (sex, age, work-related stress, work-related physical and
emotional strain, sleeping problems, night shifts, caffeine and alcohol consumption) MRI workers had
an increased risk for an accident or a “near-accident” event while commuting (OR 2.13, 95% CI
1.23−3.69). Risks were higher in persons who worked with MRI more often (OR 2.32, 95% CI 1.25–
4.31) compared to persons who worked sometimes with MRI (OR 1.91, 95% CI 0.98−3.72), and
higher in those who had likely experienced higher peak exposures to static and time-varying magnetic
fields (OR 2.18, 95% CI 1.06–4.48). The effect was seen for commutes both to and from work and
elsewhere.
This study broadly confirms the result of a previous Dutch study discussed in the SSM report 2017
(Bongers et al. (2016)). The mechanism how occupational MRI exposure may increase accident risk is
not yet understood but might be the delayed consequences of established acute effects from MRI work
such as dizziness, vertigo, effects on balance and disturbed visual perception and hand-eye
coordination. The main limitation of the study is the low participation rate (29%) and cross sectional
design with self-reported exposure and outcome. In particular, definition of near-accident events is not
sharp and involves subjective judgment, which may be differential according to work type.
The association between hypertension and long-term exposure to static magnetic fields was
investigated in an occupational cohort of 538 male workers from an MRI-manufacturing facility in the
Netherlands (Bongers et al. (2018)). Exposure was assessed by linking individual job histories from
the facility's personnel records with a facility-specific historical job exposure matrix. Hypertension
was defined as systolic pressure of above 140 mm Hg and/or a diastolic blood pressure above 90 mm
Hg in the last available blood pressure measurements from the facility's medical surveillance scheme.
High cumulative exposure to SMF (≥7.4 kilotesla minutes) was positively associated with
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development of hypertension (OR=2.32, 95% CI: 1.27 – 4.25) adjusted for age, body mass index and
blood pressure at time of first blood pressure measurement. No indication for confounding from
alcohol use and smoking was found in an analysis within a subsample with the corresponding
information.
This is one of the first studies that suggest long term risks for MRI workers. The longitudinal design is
an asset of this study. Systematic exposure and outcome assessment is expected to minimize bias in
this study. However, residual confounding cannot be excluded. For instance, no data on occupational
noise exposure of these workers was available, which might be a relevant confounder for this analysis.
A small pilot study on 12 MRI-exposed, and 12 MRI-unexposed hospital employees from the National
Cancer Institute in Naples, Italy, was published by Sannino et al. (2017a). Static magnetic field
exposure was measured over 2 weeks, and time-varying electric fields were simulated for exposed
employees. The hospital used a 1.5 T whole-body scanner; the observed day-to-day exposure
variability was reported to be high. Blood samples were taken to assess spontaneous and mitomycin Cinduced chromosomal fragility in human peripheral blood lymphocytes, using a cytokinesis-block
micronucleus assay. Only small and statistically non-significant differences were observed.
It is somewhat unclear why not commercially available measurement devices were used to measure
static fields and dB/dT, and why time-varying fields had to be simulated. It is also unclear when blood
samples were taken in respect to the exposure. All in all, this study is too small to draw clear
conclusions as to exposure levels depending on work practices, or regarding any health effects from
the exposure.

1.1.1. Conclusions on static field epidemiological studies
New studies on MRI-exposed workers suggest increased risks of menometrorrhagia in women using
intrauterine devices, accidents during commuting and high blood pressure. Underlying mechanisms
are unclear. Future studies should explore if these associations are true or if alternative explanations
such as residual confounding, i.e. other factors related to MRI work and the outcomes under
investigations, underlie the observed associations.

1.2. Human studies
Like last year, there is no new experimental human study in the current reporting period to be
discussed here. One experimental study, which investigated effects on the electrocardiogram prior to
and following an MRI assessment (Derkacz et al. (2018) did not meet the quality criteria (see
Appendix).
Petri et al. (2017) performed a systematic literature review on biological effects of exposure to static
electric fields. Eight human studies were identified, half of them investigated field perception and the
other 50% investigated health/biological effects (three experimental studies and one epidemiological
study). Field perception among others varies individually, with posture (higher sensitivity while sitting
as compared to standing), co-exposure to air ions (increase of sensitivity with high concentrations of
air ions) and co-exposure with AC fields (lower perception thresholds in the combined exposure).
Thresholds to detect static electromagnetic fields are lower for whole-body exposure as compared to
limb exposure only. Since this effect was confirmed by independent investigators, it can be considered
as replicated. Results observed in three experimental studies on physiological/health effects are
heterogeneous with regard to endpoints and effects. For skin symptoms (in combination with high dust
concentration), effects were observed in one study and no effects in another. Furthermore, no effects
on psychomotor and physiological functions were observed in a group of pilots. None of the results
has yet been replicated.

17

1.2.1. Conclusions on static field human studies
Overall, there is no new information concerning effects of static field exposure from human
experimental studies.

1.3. Animal studies
In contrast to the previous report, only a few studies on static field effects were found. One study
addressed effects on spermatogenesis, another addressed the effect of 4 mT static magnetic fields
(SMF) on diabetically induced osteoporosis. Two systematic review papers were identified.

1.3.1. Development and reproduction
Wu et al. (2017) exposed 10 male 4-week old ICR mice to a static EF of 56 kV/m for 49 days. 10
further males were sham-exposed. Spermatogenesis and parameters of testicular function were
addressed. After 49 days there were no obvious differences between static EF- and sham-exposed mice
for the endpoints relative organ weights of testes and epididymis, serum testosterone, sperm motility,
sperm morphology, and testicular histology. However, transmission electron microscopy demonstrated
some losses of mitochondria cristae in spermatogenic cells which did not affect sperm motility.
Exposure to static EF of 56 kV/m thus has very limited effects, if any, on the reproductive system in
male mice.

1.3.2. Physiology and pathophysiology
Zhang et al. (2018) tested bone growth and regeneration capacity in diabetic and non-diabetic male
Sprague-Dawley rats following whole-body exposure to 4 mT SMF 2h/d for 16 consecutive days.
Three groups with n=8 males each were used: 1) control, 2) diabetic (D), and 3) D+SMF. Controls and
diabetic rats were sham-exposed. Prior to exposure of groups 2 and 3, type 1 diabetes (T1D) was
induced in these rats by a single dose 50 mg/kg streptozocin (STZ). It resulted in blood glucose level
≥16.7 mmol/L and served as an inclusion criterion for these groups. After 16 weeks of exposure, blood
samples and bilateral femoral bone samples were taken. Serum biochemical, bone histomorphometric,
and skeletal gene expression data (via RT-PCR) were obtained. Body weight in rats of the D group (2)
was significantly lower than in control and D+SMF. As shown by µCT analysis of the right femur, 4
mT SMF inhibited the architectural deterioration of bone. Accordingly demonstrated by biomechanical
3-point bending findings, mechanical strength reduction was inhibited by SMF; values were similar
between control and D+SMF group. In diabetic rats SMF exposure led to higher serum osteocalcin,
increased mineral apposition rate and osteoblast number of trabecular bone, higher skeletal
osteocalcin, and higher gene expression of BMP2 (bone morphogenetic protein 2) and RUNX2 (runt
related transcription factor 2). However, SMF did not significantly alter serum CTX (serum type I
collagen), skeletal osteoclast number, or osteoclastogenesis-related RANKL-RANK (receptor
activator of NF-κB (ligand)) signaling gene expression in diabetic rats (D+SMF). “Moderate SMF” (4
mT) thus inhibited the reduction of bone formation in diabetic rats. Therefore, SMF may biophysically
antagonize T1D-related osteopenia/osteoporosis.

1.3.3. Systematic reviews
Petri et al. (2017) performed a systematic review entitled “Biological effects of exposure to static
electric fields in humans and vertebrates: a systematic review”. 48 articles fulfilled their eligibility
criteria and showed “good evidence that humans and animals are able to perceive the presence of static
EF at sufficiently high levels. […] A large number of studies reported responses of animals (e.g.
altered metabolic, immunologic or developmental parameters) to a broad range of static EF strengths
as well, but these responses are likely secondary physiological responses to sensory stimulation.
Furthermore, the quality of many of the studies reporting physiological responses is poor, which raises
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concerns about confounding.” Overall, “the studies did not indicate that static EF have adverse
biological effects in humans or animals. […] Physical considerations also preclude any direct effect of
static EF on internal physiology, and reports that some physiological processes are affected in minor
ways may be explained by other factors.”
In a second paper the same group published a “systematic review of biological effects of exposure to
static electric fields. Part II: Invertebrates and plants” (Schmiedchen et al. (2018)). Based on 33 studies
(14 invertebrate and 19 plant studies) the authors concluded that field levels < 35 kV/m “provide
reliable evidence that static EF can trigger behavioural responses in invertebrates” but do not result in
adverse effects of other biological functions. “At far higher field levels (>35 kV/m), adverse effects on
physiology and morphology, presumably caused by corona-action, appear to be more likely.”

1.3.4. Summary and conclusions on static magnetic field animal studies
The two studies mentioned above did not show adverse biological effects on spermatogenesis or
diabetes. The rat study on diabetically induced osteoporosis exemplarily demonstrated that 4 mT SMF
may biophysically antagonize osteopenia/osteoporosis.
Table 1.3.1. Animal studies on exposure to static magnetic fields
Endpoint in rodents

Reference

Duration

Effect

Wu et al. (2017)

Exposure
SEF, SMF
56.3 ± 1.4 kV/m

Development &
Reproduction

49d (all day?)

Zhang et al. (2018)

4mT

2h/d, 16d

Some losses of mitochondria cristae in
spermatogenic cells
Stimulation of bone
growth & regeneration
in diabetic rats

Physiology &
Pathophysiology

1.4. Cell studies
Four papers are described in this section, dealing with the effect of static magnetic field (SMF)
exposure, given alone or in combination with chemical agents. Eleven more studies have been
recognized but are not presented since five of them lack sham-exposed controls and six of them deal
with biomedical applications of SMF.
Verdom and co-workers (2018) exposed a human breast adenocarcinoma cell line (MCF-7) and
human foreskin fibroblast cells (HFF) to a SMF in the range 0.5 – 90 mT for 24 and 48 hours in
presence and in absence of several concentrations of Doxorubicin (DOXO), a well-known
chemotherapeutic drug. Several parameters were evaluated, such as: cell proliferation, viability,
intracellular reactive oxygen species (ROS), intracellular iron and glutathione. Cell viability was tested
following 24 and 48 hours exposure to 5, 10, 15 and 20 mT field intensity and was significantly
reduced in both cell lines compared to sham exposed cultures, for all the conditions tested (p<0.001;
three independent experiments), although the effect was stronger on MCF-7 cancer cells. Proliferation
rate was also affected in both cell lines for all the field intensities and DOXO concentrations tested.
Also in this case cancer cells resulted more susceptible than fibroblasts.
Mammalian cells need iron as an essential factor for crucial metabolic functions. In addition, iron
increases ROS generation. Therefore, iron is potentially cytotoxic and can induce oxidative stress and
DNA damage. In MCF-7 cells, iron concentration decreased after 24 and 48 hours magnetic field
exposure or DOXO treatment; such a decrease was potentiated by combined treatments (p<0.001).
The same results were achieved in the case of HFF cells, except for a transient higher iron content in
DOXO-treated cultures at 24 hours (p<0.01). The authors also measured intracellular ROS formation
and glutathione content in exposed and co-exposed cells. An increased ROS formation was found
following either single treatments (SMF or DOXO) or combined at both 24 and 48 hours. Again, the
effect was more pronounced in cancer cells.
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Human leukaemia U937 cells were employed by Wojcik-Piotrowicz et al. (2017) to investigate cell
viability, expression of Calmodulin (CaM), the most important protein binding calcium, and heat
shock protein 70 (Hsp-70) following exposure to homogenous 6 mT static magnetic field (DCMF)
combined with perpendicularly oriented sinusoidal component ACMF (35 Hz, 6.5 rms mT) or to (45 ±
5) mT, 50 Hz pulsed electromagnetic field (PEMF), with or without puromycin (PMC), an apoptotic
inducer. No alteration in cell viability was detected after exposure to the different types of magnetic
fields with respect to sham-exposed cultures, while PMC reduced the number of viable cells, as
expected. When combined treatments were considered, cell viability was decreased in type of MFdependent manner. AC-DCMF enhanced PMC-induced cytotoxicity, while PEMF exerted a protective
role against PMC- induced cell death (p<0.05). CaM expression was not altered by MF exposure
alone, but in cultures co-exposed it was increased or decreased in dependence on the type of applied
MF compared to treatments with PMC alone. Hsp-70 expression was not affected by MF exposures
alone, but treatments potentiated the effect of PMC (p<0.05).
Zhang and co-workers (Zhang et al., 2017e) exposed human nasopharyngeal carcinoma CNE-2Z cells
and retinal pigment epithelium RPE-1 cells to a 27 T ultra-high static magnetic field to evaluate the
effect on cytotoxicity, microtubules and chromosomes and on mitotic spindle orientation. To this
purpose, a customized cell incubation system was realized using two sample holders that could fit
inside a 32 mm bore ultra-high field magnets. The comparison between exposed and sham-exposed
cultures indicated that cytotoxicity, evaluated as cell number, cell cycle progression and apoptosis,
was not affected after 4 h exposure in CNE-2Z cells, although cell number decreased after 3 days postexposure (three independent experiments). Mitotic spindle orientation, usually parallel to the tissue
culture plate (lateral) was changed by the exposure: in four experiments it was reduced in exposed vs.
sham-exposed cells with an increase in favour of non-lateral position (p<0.01). Such an effect was not
detected after 4 hours exposure at 1 and 9 T and three days post-exposure at 0.05 or 1 T SMF. At
variance, a slight but statistically significant decrease in lateral spindle orientation was detected three
days post-exposure at 9 T (p<0.05). The authors also evaluated the role of chromosomes and
microtubules in the spindle sensitivity to 27 T SMF on CNE-2Z and RPE-1 cells. They found a
different orientation of the spindle in prometaphases cells with respect to metaphases cells (two
different stages of chromatin condensation), indicating that the phenomenon is due to chromosomes
more than microtubules and is not cell type-specific.
In a study carried out by Mao and co-workers, rat insulinoma INS-1 cells were exposed to a 400 mT
SMF up to 72 hours to measure cell viability, proliferation and insulin secretion. In three independent
experiments, the authors found no effects on cell viability and proliferation, but a MF-induced
promotion of insulin secretion following 12 and 24 h exposure (p<0.05 and p<0.01, respectively). No
effects were detected for shorter (6 hours) or longer (up to 72 hours) exposure duration. Such a
promotion was induced by activating the transcription of the insulin gene and up-regulating the
expression of vesicle-secreted proteins (Mao et al., 2017).

1.4.1. Summary and conclusions for cell studies
As stated in the previous reports, a large number of papers have been published on the effect of SMF
on cell cultures but in most of them no sham-controls have been assessed. Therefore, such papers have
not been included in the analysis. The studies considered confirm that static magnetic fields are able to
modify (by increasing or decreasing) the effect induced by chemical agents.
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Table 1.4.1. In vitro studies on exposure to static magnetic fields
Cell type

Endpoint

Exposure conditions

human breast
Proliferation, viability, 0.5 - 90 mT
adenocarcinoma oxidative stress
24 and 48 h
cells (MCF-7)
Co-exposure with DOXO
human foreskin
fibroblasts (HFF)

Effect

References

Decreased cell viability and proliferation; Verdom et al.
Increased ROS formation; reduced iron (2018)
content following SMF exposure alone
and co-exposure. SMF enhances
DOXO-induced cytotoxicity.
Effects more pronounced in MCF-7
cells.

No effects in cell viability, CaM and Hsp- Wojcik70 expression following MF alone. PMC- Piotrowicz et al
DCMF+ACMF (35 Hz, 6.5 induced cytotoxicity and CaM
(2017)
mT rms);
expression enhanced by DCMF+ACMF
50 Hz PEMF, 45 ± 5 mT
and reduced by PEMF.
PMC-induced Hsp-70 expression
Co-exposure with PMC
increase resulted enhanced by coexposures
No effect on cell proliferation and
Rat insulinoma
Viability,
400 mT
Mao et al (2017)
viability.
proliferation, insulin
INS-1 cells
Up to 72 h
Increased insulin secretion and
secretion
activation of insulin gene transcription
after 12 and 24 h exposure.
Cell number, cell cycle progression and Zhang et al.
Human
Cytotoxicity, mitotic
0.05 – 27 T
apoptosis not affected after 4 h
nasopharyngeal spindle orientation
(2017)
4h
exposure to 27 T in CNE-2Z cells;
carcinoma cells
decrease in cell number three days
CNE-2Z
post-exposure.
Human retinal
Alteration in mitotic spindle orientation
pigment
only at 27 T in CNE-2Z cells.
epithelium cells
Slight effect on orientation three days
(RPE-1)
post-exposure.
In both cell lines the effect on orientation
was due to chromosomes more than
microtubules.
Abbreviations: ACMF: perpendicularly oriented sinusoidal component; CaM: calmodulin; DCMF: homogeneous static magnetic
field; DOXO: doxorubicin; GSH: glutathione; PEMF: pulsed electromagnetic field; PMC: puromycin; ROS: Reactive oxygen species;
Human leukemia Viability; expression
cells (U937)
of CaM and Hsp-70

DCMF 6 mT;
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2. Extremely low frequency (ELF) fields
2.1. Epidemiological studies
In the previous Council reports it was concluded that little progress had been made to resolve whether
the consistently observed association between ELF magnetic field (ELF-MF) exposure and childhood
leukaemia in epidemiology is causal or not. In the previous SSM report (2017) there were also two
studies reporting a trend of decreasing risks in more recent data, although the reason for this decrease
is not known.
Another open question is related to occupational ELF-MF exposure and/or electric shocks as a risk
factor for amyotrophic lateral sclerosis (ALS). Although associations are often reported, there is no
consistent pattern that suggests either ELF-MF or electric shock as the cause. Studies evaluating
occupational ELF-MF exposure and risk of Alzheimer disease (AD) have reported heterogeneous
results.

2.1.1. Childhood cancer
Kheifets et al. (2017) performed a case-control study including all childhood leukaemia cases of
children aged younger than 16 years and living in California at the time point of their diagnosis. Cases
diagnosed between 1988 and 2008 were included. Cases were linked to the birth registry and matched
based on age (6 months) and sex. 87 % of cases could be matched to a birth certificate, and addresses
of 89 % of all subsequently included cases and controls could be geocoded (assigned a coordinate).
Exposure was modelled for all power lines above 100 kV (60 kV for two electricity providers) for the
address at birth. Conditional and unconditional logistic regression was used for the analysis, adjusting
for age, sex and several potential confounders such as maternal education, socio-economic position or
race.
5 788 cases and a similar number of controls were included in the final analysis. 17 cases and 11
controls were exposed to levels above 0.4 microtesla, which translated to an OR of 1.5 (95%CI 0.73.3), compared to children exposed to levels below 0.1 microtesla. Several sensitivity analyses
provided very similar results, although slightly higher OR were found among children who had had a
site visit (OR 2.0, 95%CI 0.9-4.8).
In an additional analysis on the same data set, Amoon et al. (2018) evaluated the effect of changing
place of residence on risk estimates. Addresses were available for birth and diagnosis address for cases
only. Sensitivity analyses were performed using different stratifications depending on whether cases
had moved in between birth and diagnosis. Overall, this was the case for 61 % of cases. Given the low
exposure prevalence (0.3 % of cases exposed to levels >0.4 microtesla), this caused only few cases to
change their exposure group, as most were in the referent group at <0.1 microtesla. Overall, there was
a tendency for very slightly higher OR in exposed children who had not moved compared to exposed
children who had moved.
The strength of this study is that it is a large registry based study, thus decreasing the possibility for
selection bias. Exposure misclassification may have occurred due to analysing only birth address in
the Kheifets et al. analysis, and for controls in the Amoon et al. publication. All in all, the results of
these two publications, although not significant, are in line with previous analyses showing an
increased risk in children exposed to levels >0.4 microtesla and risk of childhood leukaemia.

2.1.2. Adult cancer
In the INTEROCC study, Turner et al. (2017) re-analysed the previously detected association between
recent (1-4 years prior to diagnosis) occupational ELF-MF exposure and brain tumours. In this
analysis, the authors looked at a possible interaction between ELF-MF exposure and chemicals, so the
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question whether ELF-MF exposure results in different risk estimates if workers were also exposed to
other compounds. Cases of meningioma (n=1 822) and glioma (n=1 939) and controls (n=5 404)
matched on sex and age, originally recruited for the INTERPHONE study from Australia, Canada,
France, Germany, Israel, NZ and UK were included. Using conditional logistic regression, they found
no clear evidence for an interaction for either glioma or meningioma with chemical exposures and
ELF-MF. However, they did see significant positive interaction between metal and ELF-MF, but this
was attributable to a reduced OR in the group with low ELF and ever metal exposure.
This could result from chance, bias or exposure misclassification. A limitation of the study is that
exposure misclassification from the job exposure matrix (JEM) may have attenuated risk estimates. At
the same time, the large number of performed analyses increased the risk of chance findings. In
addition, the numbers of exposed cases in several of the sub analyses were very low.
Carlberg et al. (2017) investigated lifetime occupational exposure to ELF-EMF and risk for glioma
and meningioma (reported separately and discussed below) in their Swedish case-control studies on
use of mobile phones. Adult cases (n=1 346) were recruited from oncology departments during 19972003 and 2007-2009. Randomly selected controls (n=3 485) were provided by the Swedish Population
Registry. Reported participation rate for both groups was 86%. Exposure was assessed by means of a
questionnaire and the same JEM used as in the INTEROCC study (Turner et al., 2014). Data were
analysed using logistic regression with adjustment for sex, age and year of diagnosis, and
socioeconomic position (self-employed, white- or blue collar). They investigated three categorical
exposure metrics, each with cut points at the 25, 50, 75 and 90 percentiles: Cumulative exposure (Cut
points: 2.33, 3.79, 5.55, 8.52 µT-years), average exposure (0.11, 0.13, 0.16, 0.24, 0.60 µT) and
maximum exposed job (0.13, 0.16, 0.25, 0.60 µT). For cumulative exposure the exposure distribution
was similar to the previously published INTEROCC study and this metric did not show an association
with glioma risk. Contrary to the INTEROCC study, exposure in the time window 1-4 years before
diagnosis was not associated with an increased risk of glioma. For astrocytoma grade IV (n=687)
exposure above the first quartile (>0.27 µT-years) in the strata 5-9 and 15-19 years prior to diagnosis
was associated with a statistically significant elevated OR. The highest exposure level in both time
windows were associated with the highest OR (1.9 and 1.7), the OR across the three intermediate
exposure levels were almost constant (≈1.4) with no evidence of exposure-response relationships. The
authors conclude that the study showed an increased risk in late stage (promotion/progression) of
astrocytoma grade IV for occupational ELF-MF exposure.
All in all, the evidence on occupational ELF-MF exposure and glioma is heterogeneous, with some
studies reporting increased risks and others do not (Kheifets et al., 2008, Baldi et al., 2011, Turner et
al., 2014, Sorahan, 2014). Studies published over the past few years indicate that it may be informative
to further investigate time windows of exposure, or brain tumour subtypes although multiple testing
will increase the likelihood for chance findings. Problematic factors in all analyses likely include that
the exposure time windows prior to diagnosis will show some correlation with calendar time, which
may relate to changes in exposure or in cancer diagnoses.
In the same study Carlberg et al. (2018) assessed occupational ELF-MF exposure and risk of
meningioma using the same control population as above. They identified 1 592 meningioma cases and
3 485 controls that had provided at least one job code in the questionnaire on occupational histories.
They found no association between meningioma and cumulative, average or maximum exposure to
ELF-EMF. Regardless of exposure metric, they found no evidence of increased risk.
Exposure misclassification inherent to JEMs is likely to be non-differential, and could hence mask an
effect by reducing exposure contrast.
Huss et al. (2018c) investigated occupational exposure to ELF-MF from JEMs and mortality from
hematolymphopoietic cancer in the Swiss national cohort from 1990 to 2008. The exposure of the 3.1
million workers in the cohort was classified as ever high (≈52 µT), only low (≈11 µT), only medium
(≈19µT)) based on job titles from censuses in year 1990 and 2000. Using Cox-models accounting for
age, sex, nationality, educational level, civil status and language region they did not find clear
exposure response relationships with either level or duration of exposure. In men ever holding high
exposed jobs the HR for myeloid leukaemia was 1.31 (95% CI: 1.02-1.67) and for acute
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myeologenous leukemia (AML) it was 1.26 (95% CI: 0.93-1.70). For both outcomes the risk estimates
increased when restricting to men high exposed at both censuses (2.24, 95% CI 0.91–5.53 and 2.75,
95% CI 1.11–6.83, respectively). This was however based on very small numbers. In a meta-analysis,
the authors combined their study and pre-existing studies and found a combined risk estimate of 1.21
(95% CI: 1.08-1.37). The authors concluded from this that any association of occupational ELF-MF is
likely small and restricted to certain subtypes.
The study had potential exposure misclassification as exposure was only assessed at two points in time
and based on a JEM, which did not allow for temporal variation in exposure levels. Also, there was
evidence of residual confounding from lifestyle confounders such as smoking where they observed a
similar sized risk increase for lung cancer among workers with high ELF-MF exposure.

2.1.3. Neurodegenerative diseases
Amyotrophic lateral sclerosis (ALS) is a rare, usually fatal neurodegenerative disease. The causes of
ALS are largely unknown. Epidemiological studies found partially elevated risks for ALS in
occupational groups with high exposure to ELF-MF, yet the results are contradictory. It has also been
considered that electric shocks, rather than chronic ELF-MF exposure, could be a cause of ALS.
(Huss et al., 2018a) conducted a meta-analysis to examine the association between occupational ELFMF exposure and ALS. The pooled estimate from 20 eligible studies included in the meta-analysis was
slightly elevated in those exposed to higher levels of ELF-MF compared to lower levels (RR=1.14
(95% CI: 1.00–1.30) and for workers in electrical occupations (RR: 1.41, CI 1.05–1.92), but with large
heterogeneity between studies. In studies that considered the full occupational ELF-MF history, higher
risks were found than in studies considering only few points in time, with no heterogeneity between
studies. Thus, the authors concluded that study results depend on the quality of the exposure
assessment.
Increased risk for workers in electrical occupations could also be due to electric shocks but this was
not explicitly analysed in this meta-analysis.
A systematic review on occupational exposure to ELF-MF and Alzheimer’s disease was published by
Jalilian et al. (2017). 20 articles were included in a meta-analysis, and random-effects meta-analysis
resulted in a summary risk estimate of 1.63 (95% CI 1.08-1.87). Heterogeneity was substantial
(I2=61%). Funnel plot asymmetry indicated some small study effects which may be the consequence
of publication bias. Several sensitivity analyses did not provide evidence for differences in effects
across sex, exposure levels, study design or if outcomes were assessed from death certificates or
medical records.
All in all, this meta-analysis is in line with previous reports that there may be an association between
high workers’ ELF-MF exposure and an increased risk of Alzheimer’s disease, although the high
between study heterogeneity is of concern and may suggest other relevant factors influencing the study
results.
Pedersen et al. (2017) published an update of a Danish utility worker cohort. The cohort consists of
employees of all 99 Danish public utility companies that supplied Denmark with electricity between
1900 and 1993. Employees were identified via employment as well as pension fund records, including
a total of 45 188 persons. Excluding persons who had died before entering the cohort, who had
emigrated or who had had a pre-existing disease of interest (e.g. Parkinson, ALS, dementia), about
40 000 persons remained, of which 32 006 men were included in the current analysis. Exposure to
ELF-MF was assigned to job titles using a job exposure matrix. Individuals hospitalized with a central
nervous system disease were identified using the Danish National Patient Register. Entry into the
cohort was defined as January 1982 and lasted until December 2010. Both internal (low exposed
utility workers as referent group) and external (persons who had never worked in a utility company as
referent group) comparison groups were used. Exposed workers had non-significantly increased risks
for motor neuron disease (IRR 1.78, 95% CI 0.93-3.34 for external and 2.65, 95% CI 0.98-7.13 for
internal comparison groups). Highly exposed utility workers were also at higher risk for dementia
compared to non-utility workers but not compared to internal controls. Risk estimates for Parkinson’s
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disease were below unity for workers in the medium and high exposure category.
This is a well performed study with near-complete registration of workers and occurring cases. The
external comparison group was assigned to the unexposed group although this group will have likely
included some occupationally high ELF-MF exposed workers. All in all, the results are in line with
previous meta-analyses indicating no associations of ELF-MF exposure with Parkinson’s disease, a
possible association with ALS/motor neuron disease, and also possibly slightly increased risks of
dementia.
Within the prospective Netherlands Cohort Study (NLCS) Koeman et al. (2017) investigated the
association between ALS and various occupational exposures including solvents, pesticides, metals,
ELF-MF and electrical shocks. The cohort consists of 58 279 men and 62 573 women aged 55–69
years at enrolment in 1986, who were followed up for 17.3 years on ALS mortality. Out of this cohort,
a random sub cohort (2 092 men and 2 074 women) and all ALS deaths (76 men and 60 women) were
used for the present analysis. Occupational exposures were estimated by means of job exposure
matrices. In gender stratified analyses adjusting for age and educational level and mutually adjusted
for all occupational exposures, males ever occupationally exposed to ELF-MF were found to be at
increased risk for ALS (HR: 2.19, 95% CI: 1.02 to 4.73) with approximately linearly increasing risk in
terms of cumulative work exposure (p=0.02). No associations were observed for electrical shocks and
the other occupational exposures under analyses.
This study supports an association between ELF-MF exposure and ALS but could not replicate earlier
associations with other occupational exposures. The study is of high quality with detailed and
systematic exposure assessment and a prospective design. ALS is a rare disease and thus number of
exposed cases is relative low in this study. Meta-analyses allow enhancing the statistical precisions of
risk estimates from various similar good quality studies.
Vinceti et al. (2017) investigated the ALS risk in Italy in relation to residential ELF-MF exposure
from high voltage power lines with a voltage of 132 kV or higher. They identified all ALS cases
diagnosed between 1998 and 2011 in Northern Italy (Emilia Romagna) and Sicily (Catania) as well as
comparable healthy controls. The mean ELF-MF exposure in 2001 of all study participants was
modelled. A total of 703 patients and 2 737 control subjects were included in the study. Only six
patients and 35 controls had an ELF-MF of 0.1 μT or higher at their place of residence. There was thus
no increased risk (relative risk: 0.65 with a confidence interval of 0.27-1.55).
Limitations of the study include that the selection of the controls is not described, ELF-MF exposure
at the workplace was not taken into account and the number of exposed persons is very small. On the
other hand, this is the first study on ALS and ELF-MF exposure at the place of residence carrying out
exposure modelling. The previous four studies from Switzerland, Denmark, the Netherlands and
Brazil only considered distance to power lines as a measure of exposure. None of these five studies
found any indication that ELF-MF from power lines might cause ALS, but all studies suffered from
very low numbers of higher exposed cases, or cases living close to high-voltage power lines. This
suggests that ELF-MF of high voltage power lines is rather not a risk factor for ALS.

2.1.4. Other outcomes
Sudan et al. (2017) investigated residential ELF-MF exposure from overhead power lines as a risk
factor for childhood asthma. They used the Danish National Birth Cohort (n=92 675) containing
around 30% of all children born in Denmark from pregnancies during the years 1996 to 2002 (Olsen et
al., 2001). Magnetic field exposure was established from information on the geographical location of
all power lines >132kV (132 kV lines are described both as included and not included). Based on
historical power loads, line configuration, phasing and direction of current flow the utility companies
provided estimated corridors around each line beyond which the field strength from the power line
would not exceed 0.2, 0.1 and 0 µT (i.e. no contribution to ELF-MF exposure from the power lines).
Using geocoded address histories each child was then assigned exposure based on the highest
exposure corridor of any of their addresses. This was estimated for the pregnancy period and for the
period from conception until end of follow-up. Cases were identified from the maternal report in the 7-
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year questionnaire, and from national registers on prescriptions and hospitalizations. The two primary
outcome definitions required a child to be in all three sources (n=2 082, “definite case”) or to be in at
least one (n=20 097, “probable case”). Data where analysed with the Cox proportional hazard model
with adjustment for child’s sex, environmental tobacco smoke in the home, birth order, breastfeeding,
early life respiratory infections, other early life infections, vaccinations, maternal age, family
socioeconomic status, exposure to animals outside home or during pregnancy and parental asthma
histories. Only 38 “probable” case children had any exposure and 13 cases were exposed to levels of at
least 0.2 µT. Among “probable” cases, the adjusted hazard ratio was 0.59 (95% CI 0.08-4.20) among
those exposed to >0.2 µT and 1.98 (95% CI 0.64-6.15) among those exposed to 0.1-0.2 µT when
compared to those with <0.1 µT at any time until end of follow-up. When including “definite” cases
the corresponding hazard ratios were 0.69 (95% CI 0.36-1.34) and 0.93 (95% CI 0.55-1.58),
respectively. Analyses stratified by the source of outcome information (questionnaire, patient or
medication registry) did not provide materially different results. Due to the low number of exposed
cases, results for higher exposure levels were not presented.
This is a large study with several strengths, including the prospective design, the possibility to access
health data from registries and the modelling of the exposures. A weakness of the study is the low
number of exposed cases, which limits the power to detect a potential effect, should one exist. One of
the stated aims of the authors was to overcome limitations of an earlier report on ELF-MF and asthma
in children (Li et al., 2011) pertaining to the definition of asthma. Interestingly, in the analysis by
Sudan et al, the overlap of identified cases across the three data sources was low, indicating that
maybe these different data sources capture different information, which may be relevant for future
investigations. It remains unclear if limitations regarding the definition of asthma were mitigated with
the applied strategy.
Overall, the study does not support the hypothesis that residential exposure to ELF-MF is associated
with asthma risk in 7-year old children.
Sadeghi et al. (2017) performed a case-control study in Babol, North Iran. 155 mothers with
spontaneous preterm birth as registered in a local hospital were recruited into the study. 20 mothers
were excluded due to inaccurate addresses. Control mothers were selected with random digit dialling,
but the response rate was not reported. For all addresses, it was determined whether the closest
overhead power line was within 600 m or not. After adjustment for e.g. parity and educational status,
women living within 600 m of a power line had an Odds Ratio of 3.28 (95% CI 1.52-16.78) to have
had spontaneous preterm birth.
This report lacks detail for many relevant aspects. Response rate was not reported, random digit
dialling may have only reached a specific subpopulation (not everybody is enlisted in a telephone
book any more), voltage levels of the power lines were not described. Patients and controls may have
originated from different catchment areas. Usually, magnetic field levels fall to background levels
within about 200 m distance from a power line, so it is unclear why a distance of 600 m was evaluated
here or what it means for exposure levels. This study does not contribute to the understanding of
presence or absence of a possible effect of magnetic field exposures on spontaneous preterm birth.
Migault et al. (2018) evaluated pregnancy outcomes in the French prospective ELFE cohort. In 2011,
mothers giving birth to a child born after at least 33 weeks of gestation were enrolled from 320
maternity wards throughout France. Multiple birth (3 or more), mothers younger than 18 years, or who
planned to move abroad within 3 years were excluded. 18 040 families participated, corresponding to
a response rate of 51 %. During enrolment at the maternity ward, mothers were interviewed and
among other data, also occupational information and job status was collected. Occupations were
assigned ISCO-88 (International Standard Classification of Occupations, version 1988) codes and
magnetic field exposure levels were assigned to these job codes. Exposures were expressed as
cumulative microtesla-days and categorized in quartiles and the 90th percentile. Anthropometric data
and health data of the children was retrieved from medical files. The authors evaluated moderate
prematurity (33-37 weeks of gestation) and being small for gestational age (SGA); analyses were
adjusted for a range of potential confounders. Overall, 734 (4 %) children were born moderately
preterm, and 1 284 (8 %) were SGA. Analyses using exposure in categories or as a continuous
variable did not provide evidence for an effect of occupational magnetic field exposure on moderately
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preterm birth or SGA, with all risk estimates very close to unity.
Some exposure misclassification may have been introduced by using a job exposure matrix that was
developed primarily using measurements in men, but that was subsequently applied to women.
Women may be exposed slightly differently within similar occupations compared to men, due to the
use of different equipment or other tasks (Forssen et al., 2004). Nevertheless, this is a large, well
performed and well reported study that does not indicate that occupational exposure to magnetic fields
increases the risk of moderately preterm birth or SGA, although the proportion of highly exposed
mothers (≥41µT-days corresponds to a mean of 0.15 µT during pregnancy) was small (6.8%).
Li et al repeated an earlier study (Li et al., 2002) on ELF-MF exposure and miscarriage. Pregnant
patients of the Kaiser Permanente Northern California hospital were invited to participate in the study
if their pregnancy had not yet completed 10 weeks of gestational age. 1 054 women agreed to
participate, corresponding to a 65 % response rate. Women were asked to perform a 24 hr
measurement and to fill in a diary of activities during the measurement day. In total, 138 measurement
files had to be excluded either because of non-compliance or because less than 90 % of the 24 hr
measurement period was covered. The 99 % percentile of the exposure distribution was used for the
evaluation, and results were stratified by whether women had experienced a “typical” or “non-typical”
day. The upper 75% of exposure was compared to the lower 25%. Miscarriage before 20 completed
weeks of pregnancy was determined using the electronic medical records of the hospital. Associations
with miscarriage were evaluated using Cox regression, adjusting for potential confounders. Results
indicated an increased HR among the exposed women with a HR of 1.48 (95% CI 1.03-2.14), which
increased to 2.72 (95% CI 1.42-5.19) among women who had experienced a typical day. Risks among
women who had had a non-typical day were not elevated. No exposure-response relationship was
observed and the highest HR was observed in the second lowest exposure group.
A strong aspect of this study is its prospective design, where women performed an ELF-MF
measurement before they had a miscarriage. The study base is not clearly defined with respect to the
previous paper and it is thus not clear whether there is an overlap of cases included in both analyses.
The measurement period of just 24 hours may be on the short side to actually capture all potentially
relevant exposures. In a previous study with a similar design, maximum exposure levels cut into
tertiles were evaluated and it would have been informative to see the same analysis reported here,
which was unfortunately not the case. Strikingly, in all papers from this replication study, and the
publications of the previous cohort addressing various outcomes, different exposure cut-offs are used
but no explanation is given for this. Thus, a data driven analysis is of concern. The absence of an
exposure-response relationship raises the question if there are other factors that determine the lower
risk of miscarriage in the low exposed group. For example, work status (having a job or not) could be
associated with magnetic field levels as well as with the risk of miscarriage, but was not taken into
account. The literature on ELF-MF as a potential risk factor for miscarriage is highly heterogeneous,
but only very few studies have actually performed measurements among pregnant women
prospectively.

2.1.5. Conclusions on ELF epidemiological studies
Three new studies on ALS suggest an association with occupational ELF-MF exposure. One study did
not identify increased risks of ALS with respect to residential exposure, but the study included only
very few exposed cases. One of the studies also evaluated occupational risk of electric shocks but did
not observe associations with ALS risk. Overall, whether it is exposure to electric shocks or ELF-MF
(or another factor) that is involved in increased risks for workers still remains unclear. A meta-analysis
on this topic indicates that the chance to observe an association with ELF-MF exposure depends on the
quality of the exposure assessment, with higher quality exposure assessment studies more likely to
observe increased risks, which speaks for a possible association. Another meta-analysis on
Alzheimer’s disease found an overall increased risk but with substantial heterogeneity between
studies, which could not be explained by study characteristics. Two other original studies addressed
adult cancer risk in relation to occupational ELF-MF exposure. Overall the results of occupational
studies on adult cancer are inconsistent and no firm conclusions can be made on this subject. A large
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French study did not find a link between maternal ELF-MF exposure during pregnancy and various
pregnancy outcomes, not supporting the hypothesis that ELF-MF exposure during pregnancy is a
health risk for the foetus. One study evaluating residential ELF-MF exposure and leukaemia risk of
children observed slightly elevated risks, in line with previous reports. An analysis stratified over the
two decades of observation period did not indicate strongly differing risks by time period, thus not
confirming two earlier reports that had observed strongly decreasing risks over time.

2.2. Human studies
As in the previous reporting period only one human experimental study investigating effects of
extremely low frequency (ELF) fields was published in the current reporting period. While the
investigated endpoint in the study considered for the last report was short-term memory, the present
study, Davarpanah Jazi et al. (2017), investigated ELF-MF effects on tremor and the EEG activity in
the mu-rhythm frequency range in a small sample of 10 young subjects (5 females, age: mean ± SD:
23.8 ± 4 years). EEG was recorded with a MRI-compatible EEG-cap (64 EEG-channels). The authors
focussed on EEG effects at electrodes covering the left primary motor cortex: M1 (C1, C3, and C5)
and the left primary somatosensory cortex: S1 (CP1, CP3, and CP5). Five validated tremor
characteristics (amplitude, drift, dominant frequency, median frequency and power in the 8-12 Hz
frequency range) were recorded with a Class II laser diode from the tip of the right index finger. 60 Hz
MF exposure varied between 0 and 50 mTrms delivered in 5 mTrms increments resulting in 11 exposure
levels. Each condition was repeated 5 times resulting in 55 exposure periods, each lasted for 5 s with a
5 s exposure free interval between periods. The order of delivery for the 55 repetitions of exposure
conditions was randomized. A head exposure system designed and built by Lawson Health Research
Institute was used. No significant main exposure effect was observed for the tremor outcome variables
except for two of the six EEG my-rhythm (8-12Hz) power spectra values related the somatosensory
cortex (CP3 and CP5). This, however, was not confirmed by Bonferroni corrected pairwise
comparisons.
Due to the small sample size results are difficult to interpret. The postulated subtle effects on the brain
region involved in tactile perception certainly need to be investigated in a sound study with a sample
size derived on the basis of a thorough consideration of expected effects, as well as predefined
significance and power level.

2.2.1. Conclusions on human studies
Since human experimental studies are very scarce, the only conclusion that can be drawn is that there
is no substantial new information on effects of extremely low frequency (ELF) magnetic fields in
humans.

2.3. Animal studies
During this reporting period, again studies on brain, behaviour and physiology were identified. A third
paper of the mega-experiments, compare 12th report (Soffritti et al., 2016, Sokolovic et al., 2015),
addressing the endpoint cancer was presented by researchers of the Ramazzini Institute (Italy), now
presenting some tumour data of the ELF-MF mono-exposures. Finally, two studies in nonmammalians are presented.

2.3.1. Brain, behaviour and analgesia
Jadidi et al. (2017) tested the ELF-MF influence (30 min/day; 50 Hz, 1, 50, and 100 µT or 0.5, 6, 12,
and 30 Hz at 100 µT) on rats after daily injection of morphine (10 mg/kg sc) over a period of 8 days.
Sham controls received daily sc saline injections. Groups of n= 8 male Wistar rats were used.
Antinociceptive responses were determined by the hot-plate test (day 1, 4 and 8). Experiment 1
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assessed the effects of exposure to ELF-MF (50 Hz, 1, 50, and 100 µT) before morphine injection,
experiment 2 shortly after, and experiment 3 thirty min after morphine injection. Experiment 4 should
give information if exposure to 100 µT MF at different frequencies (0.5, 6, 12, and 30 Hz) before
morphine injection could prevent morphine tolerance. Over the 8-day period of morphine injection
analgesic tolerance without ELF-MF exposure was confirmed. Exposure of saline controls to ELF-MF
did not significantly increase response latencies on the hot-plate. Compared to control, 50 Hz, 1 µT
and 30 Hz, 100 µT before, as well as 50 Hz, 100 µT ELF-MF shortly after morphine injection
“prevented” development of morphine tolerance. However, ELF-MF exposure (50 Hz, 1, 50, and 100
µT) 30 min after injection (experiment 3) of morphine did not maintain morphine analgesia. A clear
dependency on frequency and/or field strength of the applied ELF-MF on the morphine tolerance was
not demonstrated.
Therefore, the authors’ conclusion that exposure to ELF-MF “may be a possible method for treating
the development of tolerance to the analgesic effect of morphine” is somehow speculative.
Ozdemir et al. (2017) exposed 78 saline and morphine tolerant male Wistar rats to 50 Hz - 0 (sham), 1,
5, 10 mT ELF-MF for in total 2 h/d (4x 30 min on, 4 x 15 min off) over 15 days. Groups of 6 males
were allocated to following treatments: Saline, morphine tolerance + sham, ELF-MF (1, 5, 10 mT),
and morphine tolerance +ELF-MF (1, 5, 10 mT). Morphine tolerance was induced by a 3-day
cumulative dosing regimen of up to 120 mg/kg twice on day 3. On day 4 tolerance was assessed by
using the tail-flick (TF) and hot-plate (HP) tests as measures for baseline latencies. Post-drug latency
for each rat 30 min after the challenge dose (5 mg/kg) of morphine were evaluated by other TF and HP
tests. On days 1, 4, 7, 11, and 15 TF and HP tests were performed. TF and HP latencies were obtained
at 30-min intervals (0, 30, 60, 90, 120 min). Analgesic effects of ELF-MF were seen on days 4, 7, 11,
and 15 in all ELF-MF-exposed rats with a maximum on day 7, especially after 5 mT and at the 90 min
timepoint. Compared to the other groups the additional ELF-MF exposures in morphine-tolerant rats
led to significantly higher maximal antinociceptive effects with a maximum at 60 min after
termination of ELF-MF exposures.
Unfortunately, the study lacks suffers from some incomplete and inconsistent descriptions. For
instance, doses for the induction of morphine tolerance were stated as 50 mg/kg [para. abstract] vs.
acumulative dosing of up to 2x 120 mg/kg [para. methods].
Mastrodonato et al. (2018) exposed groups of 6-10 male, 4-5 weeks old C57BL/6 mice to 50 Hz, 1 mT
ELF-MF for 3.5 h/d over 12 days. Corresponding controls were sham-exposed. Thirty days after
termination of exposure, a complex setting for the behavioural tests and molecular biology analysis
demonstrated that ELF-MF increased olfactory short and long-term memory and neurogenesis in the
subventricular zone (SVZ) possibly via enhanced WNT/β-catenin signaling in the SVZ.
The authors interpreted ELF-MF “as a promising tool for enhancing SVZ neurogenesis and olfactory
function.”
Zhang et al. (2017a) exposed 3-week old male ICR mice to 50 Hz, 8 mT ELF-MF, 4 h/d for 28 days
and analysed effects on calcium ion signalling in the hippocampus. In continuation to previous studies
of the research group, subgroups (n=10) of mice were administered daily (0.2 mL i.g.) at doses of 30,
60, and 90 mg Lotus seedpod procyanidins (LSPCs) for 15 days. At the beginning of ELF-MF
exposure this daily gavage-treatment (ig) was continued for 4 weeks. The experiment consisted of 5
groups: 1) Saline ig + sham-exposure, 2) Saline ig + ELF-MF exposure, 3) LSPC30 + ELF-MF, 4)
LSPC60 + ELF-MF, 5) LSPC90 + ELF-MF. At termination of exposure, mice were killed by
decapitation under ether anaesthesia. The hippocampus was quickly dissected from the brain and deepfrozen until analysis. The relative density of brain derived neurotrophic factor (BNDF) decreased after
8 mT ELF-MF exposure but increased dose-dependently when LSPCs was given in parallel (groups 35); BDNF density in the group LSPC90 +ELF-MF (5) was close to control levels. ELF-MF exposure
only (group 2) led to increased levels of (Ca²+mediating) Gi protein, IP3 (inositol-triphosphate, which
is the dominant 2nd messenger molecule for release of intracellular Ca²+), DAG (diacylglycerol), PKA
(proteinkinase) and PKC beta, calcium and calmodulin-dependent protein phosphatase calcineurin
(PP2B), and intracellular Ca²+, whereas Calcium/calmodulin-dependent proteinkinase II (CaMK II)
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and PKC alpha were decreased. Again, concurrent gavage of LSPCs (especially 90 mg/kg)
significantly changed these values to the range of control levels.
Despite the protective or recovery effects of high-dosed LSPCs, consequences of the described
molecular changes are not obvious. Furthermore, some impreciseness in experimental description
should be mentioned; e.g., 23±2g body weight of 3-weeks old ICR mice is doubtful, further the
animals’ age at the beginning of LSPCs gavage as well as at starting of ELF-MF exposures is missing.

2.3.2. Oxidative stress
Kuzay et al. (2017) tested oxidative stress and antioxidant capacity of testis tissue in diabetic and nondiabetic Wistar rats following a 20 min/d, 5 d/week, 1 month-exposure to 50 Hz, 8.2 mT ELF-MF or
to 2100 MHz GSM-modulated RF (0.23 W/kg SARwb). Ten groups consisted of n= 6 male rats each:
1) Healthy Control (C), 2) Healthy Sham (S), 3) RF Healthy (RF), 4) ELF Healthy (ELF), 5) RF +
ELF Healthy (RF+ELF), 6) Diabetic Control (DC), 7) Diabetic Sham (DS), 8) Diabetic RF (D-RF), 9)
Diabetic ELF (D-ELF), 10) Diabetic RF+ ELF (D-RF+ELF). Diabetes (blood glucose level ≥250
mg/dL) was induced by a single intraperitoneal (ip) dose of streptozotocin (STZ) of 65 mg/kg bw.
After humanely killing, testicular tissues were frozen until biochemical determination of MDA
(malondialdehyde), NOx, and GSH (glutathione) levels. Compared to (non-exposed) healthy rats,
diabetics showed slightly higher MDA and NOx levels and a lower GSH level. In both, healthy and
diabetic rats, ELF-MF and RF radiation caused significant increases in MDA and NOx levels and a
decrease in GSH levels of testicular tissue. The most significant effect was observed in group 10 that
was both, diabetic and exposed to ELF-MF and RF.
Summarizing, both non-ionizing radiations increased oxidative stress in testicular tissue while causing
a decrease in antioxidant (GSH) level which was more distinctive in diabetic rats. The authors
conclude “that diabetic subjects are more adversely affected by radiation when compared to healthy
subjects.”

2.3.3. Cancer
In addition to the papers of Soffritti et al. (2016a,b), already commented in the previous (12th) report,
Bua et al. (2018) published the overall cancer results of the ELF-MF exposure alone. Sprague-Dawley
rats were exposed from day 12 post-conception (pc) until death, 19 h/d to sinusoidal 50 Hz MF.
Groups of approximately 500 females and males each were continously exposed to 0, 2, 20, and 100
µT. Further 250-270 female and male rats each were either exposed to continous or intermittent (30
min on / 30 min off) 50 Hz MF. The observation period over the entire rats’ life span of up to three
years did not result in significant differences of specific (adenocarcinomas of the mammary gland,
malignant Schwannomas of the heart, thyroid C-cell carcinomas, hemolymphoreticular neoplasias)
and total malignant tumor incidences between the groups.
Unfortunately, the complete tumor tabulation is missing also in this publication. As already stated in
the 12th SSM report, only selective reporting of tumor data limit the interpretation of the results.

2.3.4. Physiology
Erdem et al. (2018) determined the effects of 50 Hz, 1.5 mT ELF-MF on trace element (Cu, Mg, Zn,
Ca) levels in guinea pigs. Four groups of n= 6 adult male guinea pigs were either 4h continuously or
intermittently (2 h on – 2 h off – 2 h on – 18 h off) exposed for 4 or 7 days. The fifth group (n=5),
“kept under the same conditions”, served as control. Overall, after both ELF-MF exposure regimens,
Cu and Mg levels increased in blood serum, femur, liver, and kidneys but not in brain tissue. Zn and
Ca levels were mostly not significantly affected. Other endpoints than the trace elements mentioned
above were not investigated.
It remains unclear if a real sham control was used. The authors’ statement “exposure to EMF may
cause disturbances in homeostasis of bioelements” is reflecting the high variability of the few
parameters studied.
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Sato et al. (2017) investigated potential effects of (high frequency) continuous pulsed magnetic
stimulation (pMS) in female Sprague-Dawley rats. The experiment consisted of 3 treatment groups:
1) magnetic stimulation (pMS), n= 2x7; 2) sham, n= 2x5; 3) cage control, n= 2x5. MS rats received
magnetic stimulation at max. output level (560 mT peak) at 10 Hz for sessions of 25 min once daily,
5d/wk. Seven rats were exposed for 12 consecutive days, further n= 7 for 36 days. Sham rats (n= 5
each) were not stimulated but exposed to sounds of stimulation. After 12 and 36 days lasting pMS
sessions no changes were seen in clinical health status, body and organ weights among the 3 groups.
Also histopathology did not demonstrate adverse effects on the main organ and tissues examined.
Finally, no significant intragroup changes were detected between the three groups for blood cell
counts, adrenocorticotropic hormone (ACTH), estrogen (E2) and progesterone levels.
In summary, no adverse effects were observed in female rats, which were (according to the authors)
pMS-treated in sessions three times longer than used for a clinical study in humans.

2.3.5. Other endpoints
Li et al. (2017) exposed male (5-6 weeks old) BALB/c mice to pulsed EMF (field strength, 35 kV/m;
rise-time, 120.0 ps; pulse-width, 1.02 ns; repetitive rate, 50 Hz) for 2 weeks before mating. Fifty males
were daily exposed to 10 000 pulses for 2 weeks. Another 50 males were sham-exposed. After two
weeks of daily pEMF (pulsed electromagnetic field) exposure, males were randomly subdivided into
five groups each (0 d, 7 d, 14 d, 21 d and 28 d after pEMF exposure). Animals were mated (1 male
with 2 females) at 7 PM on the 0 d, 7 d, 14 d, 21 d and 28 d after termination of pEMF exposure,
below referred to as D0, D7, D14, D21, and D28. After 7-day mating, male mice were humanely
killed for determination of male reproductive endpoints (sperm count and abnormalities,
histopathology of the testes, serum levels of sex hormones). On gestation day 20 all females were
euthanized, embryos were collected, counted and cryopreserved. Numbers of pregnant females, total
embryos and absorbed embryos were recorded; pregnancy ratio, average embryo number and
absorption were calculated. Since male embryos show both Sry and GAPDH gene, while the female
embryos show the absence of Sry gene, sex ratio of embryos was precisely determined by PCR and
agarose gel electrophoresis. Compared to sham-exposed group the pregnancy rate of D14 pEMF was
significantly higher whereas the pregnancy rate of D21 pEMF-exposed group was significantly
decreased. No differences were found in average numbers of embryos and fetal absorption rates. The
fetal sex ratio [no. of / (no. of ♂ + no. of ♀) × 100%] of D0, D21 and D28 pEMF-exposed groups
increased significantly. In males body weight, testes relative weight, and sperm count was not
affected. Sperm anomalies were observed in D0, D7 and D14 males, decreased in diameter of
seminiferous tubules in D21 and D28 paternal mice. Serum testosterone increased significantly in D0,
D14, D21, and D28 exposed compared to sham males. GnRH (gonadotropin-releasing hormone) was
increased in the D28 exposed mice wheras serum levels of LH (luteinizing hormone) in D14 and D28
pEMF males were decreased. No statistically significant differences were found between the pEMFand sham-exposed groups regarding the level of FSH (follicle-stimulating hormone).
The authors’ discussion “paternal pEMF exposure might affect the offspring sex ratio” in conjunction
with “paralleled” increased testerone (T) levels is of some interest. Nevertheless, such effect (affected
sex ratio concurrent to lowered T levels) should have occurred at all mating time-points.
Yang et al. (2018) stimulated osteoarthritis (OA) knees of rats with pulsed EMF (pEMF). Nontraumatic OA was induced by a single dose of 0.2 mg monosodium iodoacetate (MIA) injected
through the infrapatellar ligament of the right knee of 3-months old SD male rats. Physiologic saline
was used for sham injections. pEMF waves (duty ratio, 10 %; pulse width, 1.33 ms; pulse-off duration,
12 ms) were repeated at 75 Hz, and peak MF within the Helmholtz coils was 1.6 mT. pEMF and sham
exposure was applied for 2 h/day for 4 weeks. Three groups of male rats (n= 24 per group) were
assigned to the follwing treatments: 1) OA, 2) OA+pEMF, 3) control (shamOA + sham-exposure).
After 4 weeks µCT demonstrated a reduction in trabecular number, trabecular area, and trabecular
connectivity in tibia and femur of OA rats compared to control, whereas pEMF “partially preserved
subchondral trabecular bone microarchitecture.” In the right tibia of OA+pEMF rats subchondral gene
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expression of WNT3a, β-catenin, and OPG (osteoprotegerin) was increased, but mRNA levels of
LRP5 (Low-density lipoprotein receptor-related protein 5) and RANKL (receptor activator of NF-κB
ligand) were not (significantly) altered compared to the OA group. (Wnt proteins prevent apoptosis of
both uncommitted osteoblast progenitors and differentiated osteoblasts by β-Catenin-dependent and independent signaling cascades). Immunohistochemistry revealed similar results for WNT3a, βcatenin, OPG, LRP5, and RANKL protein expressions.
Summarizing, pEMF “preserved the structural integrity of subchondral bone in knee OA rats by
promoting the activation of Wnt/β-catenin signaling and OPG/RANKL/RANK signaling.”

2.3.6. Studies in non-mammalians
Khoshroo et al. (2018) exposed common carp fingerlings once for 2 h to 50 Hz, 0 (sham), 0.1, 0.5, 1
and 2 mT ELF-MF. Three replicates of 8 fish each were used per sham and exposure groups, i.e.
n= 24/group. After 15 and 60 days a significant mostly MF-dependent increase in serum enzyme
levels of alanine (ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP) was
described. Also compared to sham-exposed controls the levels of complement factors C3 & C4 and
serum lysozyme activity were significantly lowered indicating some immunosuppression. After 60
days lysozyme levels only decreased in a MF-dependent manner.
Taken as a whole, an impact of acute (2 h) ELF-MF exposure on immunophysiology of young fish
was detected above 0.1 mT.
Valadez-Lira et al. (2017) exposed Trichoplusia ni (cabbage looper) larvae to 60 Hz, 0 (sham) or 2 mT
ELF-MF for 24 or 72 h. Life cycle and fertility in exposed organisms were not different to shams after
24-h exposure. After 72-h exposure of third-instar larvae hemolymph was collected when larvae
reached the fourth instar. Hemolymph total protein and hemocyte cells were decreased (48 h). After
72-h exposure, apoptotic-like cells and cellular immune response, granulocyte number and oenocytes
were increased. Finally, four antimicrobial peptides were downregulated whereas two peptides (attacin
and defensin) were upregulated.
The authors discussed their findings in the context of potential future use of ELF-MF on pest species
but did not describe any specific application.
Remark: The above mentioned 48-h exposure is described in the para. abstract only, but not in the
main text or in the figures.

2.3.7. Summary and conclusions on ELF animal studies
For this reporting period fewer animal studies were identified, but similar to the previous Council
reports, several studies used one exposure level only and often in the 1 mT range at 50 or 60 Hz. Four
brain and behavioural studies did not provide insight on potential ELF-MF mechanism(s). The very
same holds true for the single studies addressing oxidative stress, (immune) physiology and fertility.
In addition to the two large Italian co-carcinogenicity studies reported in the previous 12th Council
report, the group reported now the corresponding cancer study after ELF-MF mono-exposures,
however, again, on single tumour types only, including hemolymphoreticular neoplasias (HLRN).
Various magnetic field strengths did not result in significant differences of specific (adenocarcinomas
of the mammary gland, malignant Schwannomas of the heart, thyroid C-cell carcinomas,
hemolymphoreticular neoplasias) and total malignant tumor incidences. Includig this cancer study
none of the animal studies directly addressed childhood leukaemia which is still of relevance in view
of the results of epidemiological studies.
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Table 2.3.1. Animal studies on exposure to ELF magnetic fields
Endpoint

Reference

Rodents studies (mostly)
Brain, behaviour and
Mastrodonato et al.
analgesia
(2018)
Jadidi et al. (2017)

Ozdemir et al. (2017)

Exposure
ELF - MF

Duration

Effect

50 Hz, 1mT

3.5 h/d, 12d

50 Hz, 1, 50, 100 µT
+ 10 mg/kg morphine

30min/d, 8d
before, simultaneously, after ELFMF

Increased olfactory
memory and SVZ
neurogenesis
Overall inconclusive
results regarding the
ELF effect(s) on
morphine tolerance (in
rats)

0.5, 6, 12, 30 Hz,
100µT
+ 10 mg/kg morphine

30min/d, 8d

50 Hz, 1, 5, 10 mT

2h/d, 15d

after ELF-MF

+ 5 mg morphine/kg
bw
Zhang et al. (2017)

Oxidative stress

Kuzay et al. (2017)

50Hz, 8 mT

4h/d, 28 d

+ 30, 60, 90 mg
LSPCs /kg ig

Daily, 15d before +
concurrenct to ELFMF

50 Hz, 8.2 mT

20min/d, 5d/wk
1 mo

2100 MHz GSM

20min/d, 5d/wk
1 mo

Cancer

Bua et al. (2018)

50 Hz, 0, 20, 100,
1000 µT

19h/d, d12 pc -(up to 3 years)

Physiology

Erdem et al. (2017)

50 Hz, 1.5 mT

4h/d continuous or
4h/d intermittent,
4d & 7d

Sato et al. (2017)

pMS (10 Hz, max 560
mT peak, 300 µs pulse
width);

25 min/d, 5d/wk
a) 12x, b) 36x

Immunology

Koshroo et al. (2018)

Other endpoint:
Fetal Sex ratio

Li et al. (2017)

Other endpoint:
Knee OA rats

Yang et al. (2016)

Studies in non-mammalians
Immunophysiology in
Koshroo et al. (2018)
common carp
fingerlings
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sham
cc
50 Hz,
10 µT

2h once
15d, 60d post
exposure observation
dates

All ELF-MFs show
analgetic effects; max.
antinociceptive effects
in morphine tolerant +
ELF-MF exposed rats
BDNF↓, Ca2+↑ & of
Ca2+ related gene
expression in
hippocampus ⥮
BDNF, Ca2+ & Ca2+
related gene express.
dose-dep. changed to
control level
Increased oxidative
stress (MDA↑, NOx↑)
& decreased antioxidant capacity
(GSH↓) in testicular
tissue of healthy and
diabetic rats (for both
exposures)
No different
incidences in HLRN,
mammary carcinomas,
malignant (heart)
Schwannomas and
total malignant tumors
Cu & Mg levels in
serum, femur, kidneys
liver increased; not in
brain
No adverse effect on
health, bw, organ w,
hematology, ACTH,
E2, progesterone, and
organ (histo)pathology
1wk only: Leukocytes
(neutrophils, CD8+
lymphocytes)
increased dose-dep.,
ACTH & POMC
Fetal sex ratio ↑

50 Hz pEMF: 35 kV/m,
120ps rise-time,
1.02ns pulse-width

104pulses/d, 2wk
(parental mice only)

75 Hz, 1.6 mT
pEMF

2h/d, 4wk

Structural integrity
preserved by Wnt/βcatenin signaling

50 Hz,
0.1, 0.5, 1, 2 mT

2h once
(15d, 60d post
exposure observation
dates)

MF-dependent
increase in serum
AST, ALT, ALP;
Decrease in C3, C4,
serum lysozyme

(on 3/5 (D0, 21, 28); postexposure mating days)

Fertility and Immunity
in Trichoplusi ni

Valadez-Lira et al.
(2017)

60 Hz, 2 mT

24h
48h
72h

Life cycle & fertility not
affected
Hemocytes &-lymph ↓
Apoptotic-like cells &
immune response ↑

Abbreviations: ↑=increase(d); ↓=decrease(d); 5-HIAA: 5-hydroxindolacetic acid; ACTH: adrenocorticotropic hormone; AD:
Alzheimer disease; ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BDNF: brainderived neurotrophic factor; bw: body weight; C3, C$: complemant factors 3 & 4; E2: 17β-estradiol; ELF-MF: extremely low
frequency magnetic field; EF: electric field; GSH: glutathione; HLRN: hemolymphoreticular neoplasisia(s); ig: intra gastric (oral
gavage); iv: intravenously; MDA: malondialdehyde; OVX: ovarectomized; pc: post conception; RBC: red blood cell count; ROS:
Reactive oxygen species; SMF: static magnetic field; SVZ: subventricular zone; w: weight.

2.4. Cell studies
Eight papers are described in this section, dealing with the effect of ELF-MF exposure, given alone or
in combination with chemical agents. Eleven more studies have been recognized but are not presented
since ten of them lack of sham-exposed controls and one dealt with biomedical applications of ELF
fields.

2.4.1. Epigenetic stability
In two papers, modification of epigenetic stability was investigated in cell cultures. Epigenetic
changes refer to external modifications that do not change the DNA sequence, but may indirectly
influence the expression of the genome.
Manser et al. (2017) examined the potential of 72 hours intermittent (5 min on/10 min off cycles)
exposure to 50 Hz, 1 mT, to induce epigenetic modifications in leukaemic Jurkat cells and in human
CD34+ haematopoietic stem cells undergoing in vitro differentiation into granulocytes. ELF-MF
exposure did not induce alterations in the active and repressive status of histone H3 nor in DNA
methylation, as assessed in three independent experiments carried out in blind conditions. At variance,
treatments with trichostatin A, a well-known epigenetic modulator, induced consistent changes. In
addition, the effect of ELF-MF exposure was also evaluated in terms of proliferation, cell cycle
progression and apoptosis, three parameters that may influence epigenetic modifications. Also in this
case no effects were detected. Similar results were obtained when CD34+ haematopoietic stem cells
were tested, although in this case slight but not statistically significant differences between exposed
and sham-exposed cultures were recorded, depending on the exposure condition adopted. The authors
concluded that the exposure does not affect in a deterministic manner the epigenetic landscapes of the
cells investigated, but it may influence the robustness of histone modification and DNA methylation
during neutrophilic differentiation, without compromising the granulopoiesis efficiency.
A study was conducted by Consales et al. (2017) to evaluate if prolonged exposure (up to 72 hours ) to
50 Hz, 1 mT affects epigenetic modulation in neuronal cells. To this purpose, the expression of
selected microRNA (miRNA; molecules that post-transcriptionally regulate gene expression) was
investigated. The authors selected miR-34b and miR-34c since they mediate cell cycle arrest,
apoptosis and metabolic regulation and act as potential tumour suppressors. In addition, they are
dysregulated in major neurodegenerative diseases, such as Parkinson’s disease and Alzheimer’s
disease. The experiments were carried out on a SH-SY5Y human neuroblastoma cell line as well as on
mouse primary cortical neurons. The results obtained in both cell types (three independent
experiments) showed that the exposure induced a significant decrease in both miRNAs examined.
DNA methylation was involved in the process since it was significantly increased upon ELF-MF
exposure. Although such results have to be validated in animal models, they suggest a role of ELF-MF
exposure in promoting a set of molecular events that may promote a degenerative phenothype in
neuronal cells.
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2.4.2. Cell proliferation
Cell proliferation was investigated in four studies.
Rat adipose tissue-derived mesenchymal stem cells (rADSCs) were employed by Fathi and Farahzadi
(2017) to evaluate the effect of 30 min exposure/day for 21 days to 50 Hz, 20 mT. The experiments
were carried out in presence and in absence of zinc (Zn) as an antioxidant and anti-inflammatory
agent, also known to be involved in the regulation of cell growth and proliferation. In three
independent experiments, cell proliferation was increased in Zn-treated cultures and decreased in
EMF-MF-exposed cultures compared to sham (p<0.05). Cultures co-exposed to EMF-MF and Zn
showed an increase in proliferation compared to EMF-MF-treated samples (p<0.05), indicating that Zn
is able to reduce the effect of EMF-MF on cell proliferation. In a further study, by employing the same
experimental conditions (cell type, exposure conditions and exposure time) the authors analyzed cell
viability, the expression of telomerase reverse transcriptase (TERT) and senescence. Telomeres, the
terminal part of chromosomes, are strictly related to genomic integrity and aging, and TERT is
involved in the synthesis of telomeric DNA. Senescence was evaluated as increase of ß-galactosidase
activity. The results of three experiments indicated that the exposure induced a decrease in the
expression of the TERT gene and an increase in the percentage of senescent cells (p<0.05). Treatments
with Zn significantly increased the TERT gene expression (p<0.01) and decreased the ELF-MFinduced senescence(p<0.05).
In a preliminary study conducted by Koziorowska et al. (2018) the effect of ELF-MFs on the viability
of four human cell lines was investigated. In particular, healthy cells, i.e. skin fibroblasts (BJ) and
embryonic kidney 293 cells (HEK-293), and cancer cells, i.e. glioblastoma (U87_MG) and bone
osteosarcoma cells (143B), were employed. The exposure was carried out in a frequency range from 2
to 60 Hz, at different field-shapes (sinusoid, triangle or square), at different field intensities (from 2 to
6 mT) and for different durations (from 0.5 to 3 h). Three sets of experiments were carried out and
each condition was tested in quintuplicate.
In the first set of experiments cells were exposed for 2 h to 2, 20, 30 40, 50 and 60 Hz at 2, 2.5, 3, 4
and 6 mT. Concerning cancer cells, viability of 143B cells was increased at 2 Hz for all the field
intensities tested, and decreased at 20 Hz up to 60 Hz, except at 20 Hz, where decrease was
statistically significant only at 6 mT (p<0.01). U87_MG cell viability was significantly decreased at 2,
30, 50 and 60 Hz for all the field intensities tested, while at 20 and 40 Hz only 2 mT affected cell
proliferation (p<0.05). Healthy cells always exhibit increase in cell viability, although it did not reach
significance at 2 Hz (BJ and HEK-293 cells), at 20, 40 and 50 Hz (HEK-293 cells).
In a second set of experiments, cells were exposed for 2 h to 50 Hz (2-6 mT) by using sinusoid,
triangle or square waveforms. Increased cell viability was detected in healthy cells, which in most
cases was statistically significant. Instead, in cancer cells it was significantly decreased in the majority
of the experimental conditions adopted.
In a third set of experiments cells were exposed to 50 Hz (2-6 mT) for 0.5, 1, 2 or 3 h. The results
confirmed an increase in cell viability in healthy cells and a decrease in cancer cells.
On the whole, these findings evidenced a different effect of exposure in the cell viability in the cancer
and healthy cells.
Falone et al. (2017) exposed SH-SY5Y human neuroblastoma cells for five or 10 days to 50 Hz, 1 mT,
and evaluated either cell growth and the cell vulnerability to reactive oxygen species (ROS)producing agents. They confirmed the hyperproliferation induced by ELF-MF exposure, as reported in
their previous investigations and detected the same effect following exposure to 0.1 mT flux density.
Moreover, they found statistically significant increased enzymatic antioxidant defense (glutathioneperoxidase, GPX, catalase, CAT, superoxide-dismutase, SOD) and in the protein level of sirtuin 1 and
3, which control the cellular redox environment in exposed cultures compared to sham (p<0.05) at
both exposure durations tested. In addition, a cytoprotective response was also detected in cultures
treated with ELF-MF and hydrogen peroxide or doxorubicin (DOXO, a chemotherapeutic drug). In the
latter case, 0.1 mT flux density was also effective. These results indicate that the adaptation induced
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by ELF-MF exposure may provide a mechanism of resistance to anticancer treatments that acts on a
redox basis.
Biochemical and metabolic changes induced by repetitive magnetic stimulation were investigated by
Hong et al. (2018) in neuronal cells. In six independent experiments, a rat neuroblastoma B50 cell line
was exposed to a continuous stimulation for 10 min to 1 Hz and 10 Hz and the level of selected
metabolites was measured immediately after stimulation by applying metabolomic techniques.
Among 18 reproducible intracellular metabolites identified from the technique, a significant decrease
was observed at 1 Hz in 12 metabolites with respect to sham-exposed cultures, including seven amino
acids (p < 0.05), cholesterol, glycylglutamic acid, inositol, pyroglutamate and succinate (p<0.01). At
10 Hz, significant decreases were observed in a total of nine metabolites, all of which were also
significantly decreased at 1 Hz. Measured as a fold change, the decrease observed at 1 Hz was greater
than at 10 Hz for all 12 significantly different metabolites.
These interesting results suggest the possibility that repetitive magnetic stimulation could modulate
neural tissues. However, due to the absence of organized neural circuits, they cannot be extrapolated to
the human brain.
Su and co-workers (Su et al. (2017)) also employed mammalian nervous cells to investigate the effect
of ELF-MF exposure on DNA damage as well as on several cell functions. Six neurogenic cell types
were investigated, both tumor cell lines (U251, A172, SH-SY5Y) and primary cells from rats
(astrocytes, microglia, cortical neurons). The exposure was carried out at 50 Hz, 2 mT for different
durations on the bases of the biological endpoint investigated. In particular, the frequency of γ-H2AX
(H2A histone family, member X) foci formation (an early marker of DNA double-strand breaks) was
measured immediately after 1, 6 and 24 h exposure in all the cell types. Cell cycle, proliferation and
viability were tested soon after 24 hours exposure and following 24 and 48 hours in neurogenic tumor
cells (U251, A 172 and SH-SY5Y) and in primary rat cortical neurons. Release of cytokines was
measured in astrocytes and microglia cells soon after 24 hour exposure. Furthermore, microglia
phagocytic activity was also evaluated. In addition, primary cortical neurons were exposed 1 hour per
day up to 14 days and neural morphology was evaluated after three days (axon morphology), seven
days (dendrites morphology) and 14 days (synapses density) of exposure. The results obtained in three
to four independent experiments indicated that in all the six different neurogenic cells and for all the
experimental conditions investigated the exposure to a 50 Hz did not affect the endpoints investigated,
as assessed by comparing exposed and sham exposed cultures. For each parameter investigated,
positive controls were provided and worked properly.

2.4.3. Summary and conclusions for cell studies
The ELF in vitro studies evaluated several biological endpoints, including proliferation, viability,
senescence, antioxidant defences and DNA damage. As for the previous report, the results are not
univocal, with increase, decrease or no difference compared to sham controls. Moreover, also in this
case, several studies lack sham-controls and have been excluded because they are thus difficult to
interpret.
Table 2.4.1. In vitro studies on exposure to ELF magnetic fields
Cell type

Endpoint

Exposure conditions

Effect

References

No effect in histone H3 status and DNA
methylation; no effect on proliferation,
cell cycle and apoptosis.

Manser et al.
(2017)

ELF-EMF
Jurkat cells
haematopoietic
stem cells

Epigenetic
modification

50 Hz, 1 mT
72 h
(5’on/10’off cycles)
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Human
neuroblastoma
cells (SH-SY5Y)

Epigenetic
modification

50 Hz, 1 mT

Rat adipose
tissue-derived
mesenchymal
stem cells
(rADSCs)

Proliferation

50 Hz, 20 mT

Rat adipose
tissue-derived
mesenchymal
stem cells
(rADSCs)

Viability, TERT
expression, aging

50 Hz, 20 mT

Human healthy
(BJ and HEK293) and cancer
(U87_MG and
143B) cells

Viability

2, 20, 30, 40, 50, 60 Hz

Human
neuroblastoma
cells (SH-SY5Y)

Proliferation, redox
state

Rat
neuroblastoma
cells (B50)

Selected metabolites 1 and 10 Hz

up to 72 h

Significant decrease in miR-34b and 34c; significant increase in DNA
methylation.

Consales et al.
(2017)

Decrease in cells treated with EMF
alone. Effect of EMF reduced by
treatment with Zn.

Fathi and
Farahzadi
(2017)

mouse primary
cortical neurons

30 min/day for 21 days

30 min/day for 21 days

2, 2.5, 3, 4 and 6 mT

Decreased expression of TERT and
Fathi et al.
increased % of senescent cells. Effect of (2017)
EMF reduced by treatment with Zn.

Viability increased in healthy cells and
Koziorowska et
decreased in cancer cells in the majority al. (2018)
of the conditions investigated.

Sinusoid, triangle and
square wave
0.5, 1, 2 and 3 h

U251, A172, SH- DNA damage,
SY5Y tumor
proliferation and
neurogenic cells neuronal functions
and primary
astrocytes,
microglia cells
and cortical
neurons from
rats

50 Hz, 0.1 and 1 mT
5 and 10 days

10 min
50 Ha, 2 mT
24 h
1 h/day up to 14 days

Increased cell proliferation and
resistance to DOXO; 1 mT: increased
antioxidant defense and increased
resistance to H2O2 and DOXO
Decrease in 12 metabolites at 1 Hz and
9 metabolites at 10 Hz

Falone et al.
(2017)

Hong et al
(2018)

No effects on γ-H2AX foci formation, cell Su et al. (2017)
cycle, proliferation, viability, cytokine
release, phagocytic activity and
morphology

Abbreviations: DOXO: doxorubicin; ; γ-H2AX (H2A histone family, member X); H2O2: hydrogen peroxide; miR: microRNA;
TERT: telomerase reverse transcriptase; Zn: Zinc
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3. Intermediate frequency (IF) fields
Despite increasing use of intermediate frequency magnetic field (IF-MF) emitting sources such as
induction cooking and anti-theft devices used in shops, scientific evaluation of potential health risks is
still scarce. For some of these sources, exposure assessment especially of induced internal (electric)
fields remains challenging.

3.1. Epidemiological studies
Khan et al. (2018) investigated intermediate magnetic field exposures among Finnish cashiers working
near electronic article surveillance (EAS) systems and potential effects on birth outcomes. The authors
set up a cohort of 4 157 women working in stores with (“exposed”) or without (“unexposed”) EAS
between 2008 and 2015. Exposure was assessed in a previous study and indicated little difference in
exposure values at the position of the cashier’s seat. Elevated exposures would only occur when
cashiers pass between gates of the EAS. Surveillance systems were working at a frequency of 8.2
MHz in all stores. Birth outcomes were matched to cashier records from the national health registry. A
total of 536 birth and 38 miscarriages occurred. There were not statistically significant differences
between “exposed” and “unexposed” cashiers in terms of risk if miscarriage, difference in birth
weight, being small for gestational age or gestational age.
This is a relatively small study where it is uncertain if there were any meaningful exposure contrasts
between women classified as exposed or unexposed. No information was available if women worked
close to the EAS gates or how often they would pass them. This study is therefore limited in its ability
to determine presence or absence of potential risks from intermediate field exposure on miscarriage or
other birth outcomes.

3.2. Human studies
No human studies have been identified.

3.3. Animal studies
Within the European GERoNiMo project three animal studies were run by the same Finnish research
group.

3.3.1. Brain, learning and behaviour
Kumari et al. (2017b) exposed two groups of 20 two months old male C57BL/J mice for 5 weeks
(24 h/d) to 7.5 kHz MF at 12 µT or 120 µT. Thirty male mice were sham exposed. Motor functions,
anxiety, aggression, learning and memory were assessed 3 weeks after termination of exposure.
During the fourth week after end of exposure the animals were humanly killed and samples of the
hippocampus were taken for immunohistochemistry and quantitative polymerase chain reaction PCR
analysis. Compared to controls no effects were observed on body weight, spontaneous activity, motor
coordination, level of anxiety or aggression. Mice exposed to 120 µT MF showed moderate
impairment of spatial learning and memory in the Morris swim task and in the passive avoidance task.
Immunohistochemistry of the hippocampus did not indicate astroglial activation or neurogenesis. The
mRNA expression of brain-derived neurotrophic factor (BDNF) was not impaired whereas the
proinflammatory tumor necrosis factor alpha (TNFα) was significantly increased after exposure to 120
µT.
The obtained results fully support the authors conclusion “that exposure to a 7.5 kHz, 120 MHz µT
MF may lead to mild learning and memory impairment possibly through an inflammatory reaction in
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the hippocampus.” In addition, it should be noted that 120 µT exceeded the ICNIRP reference level
(100 µT for frequencies of 3 kHz – 10 MHz) for occupational exposure.

3.3.2. Reproduction and fertility
Using the same exposed male C57BL/6J mice, Kumari et al. (2017a) investigated male fertility
indicators. The Finish researchers obviously obtained epididymidal sperm from the males humanely
killed during week 4 after termination of exposure. They did not observe exposure-related differences
in sperm counts or sperm head abnormalities. Increased sperm motility, detected in the 120 µT group,
may be confirmed in further studies.
Similar to two previous studies of other research groups in rats (Nishimura et al., 2012, Dawson et al.,
1998), no adverse effects on fertility indicators were seen. Together these 3 studies are covering 4
frequencies (7.5, 10, 20, 60 kHz) and flux densities between 12 to 950 µT.
Using the same exposures, Kumari et al. (2018) conducted a third study addressing “behavioural
teratology”. The study aimed on detecting possible effects on the developing nervous system of male
offspring. Starting on gestational day 1 pregnant dams and their male offspring till weaning (postnatal
day [PND] 28) were continuously (24 h/d) exposed to 7.5 kHz MF at 12 µT (n= 22 males) or 120 µT
(n= 20 males) or sham exposed (n= 20 males). Between PND-60 and PND-77 behavioural tests were
performed. On PND-77 histological sampling of hippocampal specimen was done. No exposurerelated differences in body weight development, spontaneous motor activity, anxiety, spatial learning
and memory were seen. Histopathology did not show effects on astroglial reactivity or hippocampal
neurogenesis.
Concluding, 7.5 IF-MF had no effects on spatial learning and memory and histological markers of
brain tissue reaction. The observation of an improved performance in the Rotarod task in the 12 µT
group and the more slowly swimming in the Morris swim navigation task were interpreted (by the
authors) as chance findings, as no consistent dose-dependency was measured.
Unfortunately, several dams of in total 22 females ate their new-born pups. To obtain n= 20 male
offspring per group, dams were rebred three times. This is somehow unusual and should be questioned
in terms of external stress to the dams. Nevertheless the reporting of that problem is quite fair.

3.3.3. Summary and conclusions on IF animal studies
In the 7.5 kHz range the three mouse studies did not result in adverse effects on fertility, reproduction,
learning and behaviour. In this context it should be noted that the upper magnetic field strength (120
µT) is about twice of nowadays cashiers’ work place-exposures.
Table 3.3.1. Animal studies on exposure to intermediate frequency fields
Endpoint in rodents

Reference

Exposure
IF - MF

Duration

Effect

Brain & Behaviour

Kumari et al. (2017b)

7.5kHz,
12,120µT

24h/d, 5wk

No adverse effects at 12 µT.
120µT: learning and memory mildly
impaired, TNFα ↓

Reproductions &
Fertility

Kumari et al. (2017a)

7.5kHz,
12,120µT

24h/d, 5wk

No abnormalities in sperm count and
sperm heads at 12 & 120µT.
120µT: sperm motility ↑

Kumari et al. (2018)

7.5kHz,
12,120µT

d1 pc – D28
(weaning)

No effects on bw, spontaneous motor
activity, anxiety, spatial learning &
memory.

Abbreviations: ↑=increase(d); ↓=decrease(d); BDNF: pc: post conception; bw: body weight; d=D: day; IF: intermediate
frequency, MF: magnetic field; TNFα: tumor necrosis factor alpha
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3.4. Cell studies
No cell studies have been identified.
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4. Radiofrequency (RF) fields
4.1. Epidemiological studies
In the previous Council reports it was concluded that no, or at most small, indications were found for a
brain tumour risk up to approximately 15 years of mobile phone use based on case-control and cohort
studies as well as analyses of incidence time trends. Studies on symptoms and behaviour do not
indicate an association with exposure from fixed-site transmitters but with mobile phone use.
However, associations were not restricted to calling with mobile phones, but also to other aspects of
mobile phone use such as using them for entertainment. This indicates that other factors than RF-EMF
exposure may be relevant in that context. Several studies observed decreased semen quality of mobile
phone users. However, studies are uninformative due to lack of appropriate exposure assessment and
lack of confounding control in most studies.
In the latest SSM report it was also noted that study quality has been quite heterogeneous with a
substantial proportion of low quality and only a few high quality studies.

4.1.1. Adult cancer
In the last year several meta-analyses on mobile phone use and brain tumours have been published.
In a systematic review and meta-analysis, Bortkiewicz et al. (Bortkiewicz, 2017, Bortkiewicz et al.,
2017) investigated case-control studies on use of mobile phones and intracranial and salivary-gland
tumours, published until March 2014. They investigated a range of potential associations and reported
positive associations for intracranial tumours: a) Regular use of any mobile phone for 10 or more years
(OR:1.46 95% CI: 1.07-1.98 based on 9 studies), b) Ten or more years since first regular use of mobile
phones (OR: 1.25 95% CI: 1.04-1.52 based on 14 studies) and c) Regular ipsilateral mobile phone
usage of any duration (OR: 1.29 95% CI: 1.06-1.57 based on 11 studies). They did not find positive
associations for specific tumour types or for analogue phone usage only.
The authors conclude that the results support the association between long-term mobile phone use and
risk of intracranial tumours but point to the need for further studies.
Prasad et al. (2017) conducted a meta-analysis on use of mobile phones and risk of brain tumours
based on 14 studies published between 1999 and 2014. They found no evidence of increased risk with
ever-use of mobile phones for any brain tumour, or for meningioma, glioma or acoustic neuroma
analysed separately. For more than 10 years of mobile phone use, the OR for any brain tumour risk
was 1.33 (95% CI 1.07-1.66, based on 7 studies). They also assessed the funding source and quality of
all studies to investigate if these factors influenced results. The authors concluded that higher study
quality translated into higher risk estimates.
Wang and Guo (2016) conducted a meta-analysis of 11 studies published between 2001 and 2008 on
use of mobile phones and risk of glioma. They found no overall association whereas more than 5 years
of use was associated with an OR of 1.35 (95% CI: 1.09-1.62).
This is a brief report where it is unclear why only studies until 2008 were taken into account. Large
heterogeneity between studies was not discussed.
Yang et al. (2017) conducted a meta-analysis of mobile phone use and risk of glioma including 11
studies published between 2001 and 2015. They found that more than 10 years of use was associated
with increased risk of glioma. Both ever and long use was associated with low-grade glioma whereas
they did not find an association with ever use, ipsilateral use or for high-grade tumours. They found
considerable heterogeneity between studies, and noted that the current evidence was of low quality.
None of the meta-analyses above have generated new knowledge and share to a great extent the same
challenges. Limitations include: 1) not reconciling the proposed risk increases with lack of such an
increase in the incidence time trend studies, 2) use of so called “quality scores” that do not enable to
identify which underlying factors actually impact observed risk estimates, 3) no discussion of
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encountered heterogeneity and/or influential studies driving risk estimates with respect to their
limitations which includes selection and recall bias. What would be more informative at this stage
were new studies that improve on the design and overcome the shortcomings of existing studies rather
than repetitive (re-) meta-analyses of existing study reports.
In an update of parts of an earlier paper, summarized in a previous SSM report (SSM 2016) Hardell
and Carlberg (2017) compared incidence trends of brain tumours of unknown type (ICD10 D43,
Tumour of unknown type in the brain or CNS) from the Swedish national inpatient register and brain
tumours (ICD7: 193.0, brain tumour including brain, meninges and CNS nerves) from the Swedish
cancer register. As in the previous report, joinpoint regression analysis detected the incidence trend of
D43 to change in year 2007 with an annual incidence increase of more than 4% after that time for
both men and women, the numbers where not standardized by age. In analyses of sex combined by 20year age group, no joinpoint was detected for any age group. The highest average annual increase
(2.71% per year) over the full period was seen in people diagnosed at 20-39 years of age. For any
brain tumours from the Swedish cancer register they observed the age standardized incidence rate in
men to increase 0.49% per year (95% CI: 0.05-0.94); in women the corresponding rate was 0.33 (95%
CI: -0.29-0.93). In neither sex was there any joinpoint identified when looking at all ages. The authors
concluded that there was a clear contrast between the observed results from the two registers.
The data from the two sources, however, differs, as the data from the inpatient register were not agestandardized whereas the data from the cancer register were. Also, data in cancer registries are likely
to have been inspected differently than data from administrative registers. A minor difference is that
the cancer registry includes also tumours of the meninges. Changes in diagnostic practices (such as
changes in autopsy rates) may have caused an increase in tumours classified as “unknown type” D43.
The authors argue that their results suggest underreporting of brain tumours to the Swedish cancer
registry, and that such underreporting might conceal a possible effect of mobile phones. This requires
that the underreporting somehow matched the proposed risk increase relatively closely and that similar
underreporting occurred in other countries where the incidence trends have also been monitored. This
does not appear to be very likely.
Using data from the UK Office of National Statistics, Philips et al. (2018) investigated incidence
trends of brain tumours (ICD10: C71 as well as D43, supratentorial malignant tumours without
histology/morphology) in England. They calculated age and gender-standardised incidence trends and
reported an increasing incidence starting around 1973 until around 2000 after which time only a small
increase was observed. When looking at types of glioma for the years 1995 to 2015, the incidence rate
of glioblastoma multiforme (GBM) increased on average 5.2% (95% CI: 3.7-6.6,%) per year. The rise
in GBM appeared to occur mostly in the frontal and temporal lobes. The apparent increase in GBM
was quite constant over the study period from 1995. During that time incidence for glioma and
astrocytic non-GBM decreased resulting in relatively stable incidence rates for all cases of brain
tumour between 1995 and 2015. The authors suggest that environmental factors may be the cause of
the observed trend for GBM. They list a range of potential risk factors including mobile phones.
Given the opposite time trends for glioma and GBM, changes in diagnostic practise seems the most
plausible explanation for the change in case mix over time. The authors state that “there were no
material classification changes over the analysis period that might explain the findings, though
multidisciplinary team working was strengthened (2005 onwards) and better imaging has resulted in
improved diagnosis along with a more complete registration of brain tumours in the elderly”. The
paper also shows that all type of brain cancer (C.71) mostly increased before 1995 (due to improved
diagnosis with MRI and CT) and stayed rather constant after 1995. But the paper did not show time
trends of GBM incidence before 1995. Thus, it is not clear, whether the increase started in 1995 or
already before that time point. In any case, the observed rather monotonic increase in GBM does not
match the more exponential increase in mobile phone use. In summary, the paper does not provide
plausible arguments how widespread mobile phone use could be related to increasing GBM rates and
decreasing glioma and astrocytic non-GBM rates at the same time.
Satta et al. (2018) investigated environmental RF exposure and risk of lymphoma in an Italian casecontrol study with 322 cases and 444 controls, frequency-matched on sex, age group and geographical
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area. The response rates among all eligible cases and controls can be calculated as 71% and 53%
respectively. Residential history was obtained from questionnaires. The study included four measures
of exposure: 1) self-reported distance (<50 m, 51-100 m and >100 m) to fixed radio-television
transmitters and mobile phone base stations for the three addresses held the longest. 2) The actual
distance from the home to the closest mobile phone base station, calculated from GIS data for subjects
living within 500 m of a base station and classified into <=100 m 101-200, 200-300, 300-500 and
>500 m. 3) RF-EMF-fields around mobile phone base stations as modelled by regional environmental
protection agencies (>1.74V/m, 1.5-1.74V/m,1.24-1.50 m, 0.01-1.23V/m: <0.01V/m). 4) Front door
measurements for a subset of longest-held addresses within 250 m of a base station. Available
confounders were level of education and traffic intensity. No associations were observed with
measured RF-EMF front-door exposure, or with modelled exposure. Also no associations emerged
from the analysis of distance category of the home to the next transmitter, with the exception of selfreported distance of the home address within 50 m of a radio-television transmitter and the risk for any
lymphoma (OR 2.7, 95% CI 1.5-4.6). Similar ORs where seen for subtypes of lymphoma, although
these were based on smaller numbers and not always statistically significant. The study provided
evidence that self-reported distance to mobile phone base stations was biased, as cases were more
likely to underestimate distance to nearest base-station. The authors concluded that their results do not
support an association of mobile-phone base stations and lymphomas.
In general the study suffered from low numbers and had relatively poor exposure assessment, further
augmented by the incomplete address histories and not having included exposure from personal
communication devices such as mobile and cordless phones. These factors by themselves could drive
results towards the null, however as evidenced for base stations the reliance on retrospective selfreported data can lead to overestimation of exposure among cases and introduce possible false
associations.
Gonzalez-Rubio et al. (2017) reported an ecological study of all inhabitants of the Spanish city
Albacete (population= 166 383). They investigated associations between residential RF-EMF
exposure and incidence of lymphoma (n= 65), glioma (n= 12) and meningioma (n= 18) over the period
January 2012 to May 2015, ascertained from the only oncology hospital in the city. For each of the
city’s 110 administrative area units, mean night-time exposure (14 bands: 88 MHz to 6 GHz) was
assessed in early 2015 by means of biking all streets in an area with a mounted exposimeter (Satimo,
EME spy 140). Outdoor measured electric field strength (V/m) levels were subsequently averaged per
area. The authors calculated Spearman correlations between area-level outdoor electric field exposures
and incidence of the different tumour types. Compared with 390 random control addresses, cases
followed a random distribution across city areas (all p-values: >0.31 from Morans I test). They found
low correlations between electric field levels and incidence of tumour types ranging from -0.03
(p=0.04) for lymphoma to 0.28 (p=.003) for any brain tumours. Overall, the authors concluded that
they observed no evidence of associations due to the random distribution of cases across the city.
The study is primarily a methodological demonstration of concept. However, the authors do not
address the question whether outdoor averaged electric field strength taken at ground level (or the
height of the exposimeter on the bike) determines personal exposure levels. Therefore, it remains
uncertain if the suggested study design is able to answer research questions as to potential health
effects from RF-EMF exposure in a meaningful way. As an epidemiological study in its own right, it
has the general limitations of ecological studies and is also limited by the very low number of cases
and the lack of control for confounding. Overall, the study is not informative regarding the association
between RF-EMF exposure and the incidence of brain tumours or lymphoma.
Peleg et al. (2018) revisited a case series of 47 cancer patients that all had occupational or military
exposure to RF-EMF or ELF-MF from power lines and likely chemical exposures (e.g. solvents) in the
period 1987 to 2003 and that self-referred to an Israeli occupational and environmental medicine
clinic. The authors calculated the percentage of total cancers in the dataset that were hematolymphatic
cancers (40 %) which was significantly different from the expected percentage of 23 % for that age
and gender group. They performed similar calculations for three other studies as well, all showing the
proportion of hematolymphatic cancers to be higher than expected. The authors conclude that the data
suggest that there exist a cause-effect relationship between RF-EMF and hematolymphatic cancers in
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military/occupational settings.
The study suffers from several shortcomings, including the weak exposure metric, no incidence data,
small numbers and former military personnel that is likely to differ from the general population in
many aspects, which may bias and confound the results. In addition, even if the percentages of tumour
distribution was different in this group it would still beunclear that it was due to an excess of
hematolymphatic tumours and not a reduced risk of other tumours. It is also unclear why the observed
difference is interpreted as attributable to RF-EMF exposure, given the occurrence of other exposures
reported by the authors. Also, the results are very dependent on equal diagnostic intensity for each
tumour site and type among both exposed and reference populations. All in all the study seems very
weak.

4.1.2. Reproduction
In a retrospective analysis of 468 men attending an infertility clinic from 1993–2007 in Austria, the
associations between mobile phone use including storage fashion, semen quality, serum testosterone,
luteinizing hormone (LH) and follicle stimulating hormone (FSH) were assessed (Schauer and
Mohamad Al-Ali, 2018). Mobile phone storage in trouser pockets was positively correlated with the
percentage of normal sperm morphology and negatively with LH concentration (both p < 0.001). No
covariates were considered in these analyses.
This study is limited as it is a highly selective sample, mobile phone use was assessed retrospectively
by interviews and no confounding factors were considered in the analyses. Thus, it remains unclear
whether observed associations are due to RF-EMF or due to other lifestyle factors related to the
preference to store the own mobile phone in trouser pockets.

4.1.3. Self-reported electromagnetic hypersensitivity (EHS) and symptoms
Wang et al. (2017b) conducted a systematic review and meta-analyses on cross-sectional studies
analysing mobile phone use and headache. In total 7 cross-sectional studies were included in the metaanalysis, which yielded a 38 % (95 % CI 18 %–61 %) increased headache risk in mobile phone users
compared to non-users with some indications for increasing risk with increasing exposure.
All papers included in this meta-analysis were based on self-reported mobile phone use, which is
subject to recall bias. Available studies with operator recorded data would have been more informative
but they were not included in this paper. The meta-analysis did not consider longitudinal studies and
thus the study is not informative in terms of causality.
Martens et al. (2017) studied the interplay between perceived and modelled exposure by mobile phone
base stations, nonspecific symptoms and sleep disturbances in the AMIGO cohort study from the
Netherlands. They modelled the exposure from mobile phone base stations at the home addresses of
the study participants. In addition, perceived exposure to mobile phone base stations, radio and TV,
nonspecific symptoms and sleep disturbances were assessed by questionnaire. Exposure was modelled
for two points in time (2011/2012 and 2013). Ten percent of the study sample were exposed >0.14
V/m and thus were considered to be highly exposed. The subjective appraisal of exposure as well as
the assessment of nonspecific symptoms and sleep disturbances took place at three different points in
time in 2011/2012, 2013 and 2014. Cross-sectional analyses of the 2011/2012 data with
14 829 study participants aged between 31 and 65 years, and longitudinal analyses after one (n=2 228)
and two years (n=1 740) did not show any correlations between modelled RF-EMF exposure and
occurrence of nonspecific symptoms and sleep disturbances. However, the authors found an
association between the participants’ own perception of exposure and the occurrence of health
problems. The observed correlation might indicate a nocebo phenomenon among participants who
were aware of the presence of mobile phone base stations in their vicinity, and assessed their own
exposure as relatively high. The authors’ interpretation of the overall findings is that exposure from
mobile phone base stations at the residential location does not lead to substantial adverse effects on
health.
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This is one of the few longitudinal studies on the topic. The number of study participants is high, and
exposure was modelled using a validated approach. The standardised questionnaire allows good
comparability of the data. Nevertheless, a weakness of the study is that the perceived exposure
included radio and TV, which was not the case regarding modelled exposure, and this may have
contributed to the lack of correlation between these two exposure measures. Furthermore, the
differences in exposure levels were small and RF-EMF exposure by own use of communication
devices was not considered. The latter is usually considerably higher than RF-EMF of fixed site
transmitters. The authors state that they cannot exclude the possibility that total RF-EMF exposure is
associated with symptoms.
A cross-sectional study explored the associations between mobile phone use, RF-EMF exposure at
school and 23 self-reported symptoms of Turkish high school students (Durusoy et al., 2017). A total
of 87 classes were included in the study with 2 240 out of 2 466 students being present in the
classroom during data collection and all of them participating in the study. RF-EMF at school was
measured between November 2009 and April 2011 using a portable Aaronia Spectran HF-4060
device. Multivariate regression analyses were adjusted for gender and school type only. Exposureresponse associations were observed for many symptoms such as fatigue, sleep disturbances,
headache, concentration difficulties, visual disturbances and depressive symptoms in relation to
various mobile phone usage characteristics including number of calls per day, total duration of calls
per day, total number of text messages per day, position and status of mobile phone at night and
making calls while charging. Only very few associations were observed between symptoms and
measured exposure at school.
This cross-sectional survey cannot differentiate between cause and effects. Associations were seen
with mobile usage behaviour only marginally related to EMF exposure (e.g. sending text messages,
position at night), which may indicate that observed associations are due to other reasons than EMF
exposure. Many factors could have affected the analyses since only few confounders were considered
in the analyses. Given that information on potential confounders was available, it is not clear why they
were not considered in the analyses.
The relationship between mobile phone use and mental health was evaluated in a cross-sectional study
of 785 students from two universities in Serbia and Italy between March and May 2016 (Visnjic et al.,
2018). Mobile phone use and various symptoms including depression, anxiety and stress were inquired
by questionnaire. Logistic models for the three main outcomes included various predictors, age,
gender and country. Anxiety was positively correlated with sending text messages (OR = 1.15, 95%
CI: 1.11–1.31), and negatively with browsing the internet (OR = 0.84, 95% CI: 0.73–0.95) and playing
games (OR = 0.79, 95% CI: 0.68-0.92). Stress was positively correlated with time spent on the phone
(OR = 1.28, 95% CI: 1.12–1.56) and negatively correlated with call frequency (OR = 0.79, 95% CI:
0.64–0.97). The strongest predictor of high stress levels was keeping the mobile phone less than 1 m
away during sleeping (OR = 1.48, 95% CI: 1.12–2.08). Depression was positively correlated with
number of text messages per day (OR=1.31, 95% CI: 1.12-1.54) but negatively correlated with number
of calls per day (OR = 0.70, 95% CI: 0.55 0.8) and browsing the internet (OR=0.85, 95% CI: 0.730.99).
In summary, positive and negative correlations between mobile phone use and mental health
symptoms were observed, which suggests other causal factors than RF-EMF exposure. The crosssectional design and the fact that the mobile phone usage variables are expected to be correlated with
each other limits interpretability of this study. Participation rate was high (95%) and thus selection
bias is not of concern whereas generalizability beyond a university student sample is uncertain.
In a survey performed in Taiwan in 2012/2013, Huang et al. (2018) assessed the prevalence of EHS.
Participants were selected stratified from 25 different geographic regions from Taiwan, if they had a
landline telephone. Prevalence rate and odds rations were weighted according to age, sex and
educational level distributions of the respective geographic areas. Overall, 1 251 individuals were
interviewed, corresponding to a response rate of 24%. EHS was identified with the question “While
being near EMF sources such as mobile phone, electrical devices, or computer, do you feel allergic or
sensitive?” Results were compared to a previous survey from Taiwan from 2007, and to previous
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reports in the scientific literature. EHS prevalence was close to 5%, decreasing from 13% in 2007.
Heterogeneity across studies was very high (I2=99%), with prevalence rates across countries varying
between 1 and 13 % (pooled 5 %). There was some indication that EHS prevalence may be decreasing
over time.
Overall, this study confirmed an overall estimation of EHS prevalence below 10 %, in line with many
previous reports. The low participation rate may mean that some selection bias could be at work. In
addition, comparison to previous studies is hampered by the fact that most studies appear to ask with
different kinds of questions.
Karvala et al. (2018) investigated the prevalence of environmental intolerances towards chemicals,
certain buildings, noise and electrical devices in age and gender stratified samples of Swedes and
Finns to participate. The Swedish response rate was 40% with 3 406participants. The corresponding
numbers for Finland were 33.3% and 1 535. Regarding EMF intolerance the question was “Are you
getting symptoms from certain switched-on electrical devices that you believe other people are not
getting symptoms from?”. In both countries slightly more than 21% reported any intolerance.
However, the prevalence of each specific intolerance was significantly different between countries.
The prevalence of EMF-intolerance was the lowest of the investigated intolerances with 2.7 % and 1.6
% in Sweden and Finland respectively. The authors suggest that the constant total prevalence but
differing levels for each factors may result from nocebo effects where people are more likely to
attribute their symptoms to factors featured prominently in the media in their country.
A causal link between exposure to electromagnetic fields and development of symptoms in
electromagnetic hypersensitive (EHS) individuals has not been established so far but previous research
relied on comparison of group means and could not exclude that a few sensitive individuals were
masked by a heterogeneous group of people claiming to be sensitive to electromagnetic field exposure.
In individual case studies, Verrender et al. (2018) tested exposure detection and symptom severity in
three participants aged 44–64 during a series of sham and active exposure trials (2 open-label trials; 12
randomized, double-blind, counterbalanced trials). The RF-EMF exposure had a frequency of 902–928
MHz with an average incident power density of 0.3 W/m2 at the participant. In the double-blind trials,
no significant difference in symptom severity or exposure detection was found for any of the three
participants between the two conditions. However, belief of exposure strongly predicted symptom
severity score for all participants.
This study confirms previous findings from provocation studies with EHS individuals. However,
generalizability is limited given the small number of EHS individuals tested.
Heuser and Heuser (2017b) performed functional MRI (fMRI) brain scans on 10 persons reporting
EHS. Of all 10 cases, a very brief case description was provided. Half of the cases also reported a
history of head injury, and 9 out of ten were reported to have experienced chemical exposure, although
details on the head injuries or the other mentioned chemical exposures were not provided. All brain
scans of the patients were described as abnormal, and the authors describe that they had suggested
their patients to undergo the fMRI exam to document potential abnormalities. In a corrigendum
(Heuser and Heuser, 2017a), the authors explain how they had derived a control fMRI picture in
healthy participants.
The results of this study cannot prove any association of EMF exposure with health problems, simply
because EMF exposure as such was not analysed. In addition, it is unclear how the 10 presented
patients were selected from all patients, which raises questions regarding the generalizability. All in
all, the results of this study cannot be interpreted as presenting a useful diagnostic procedure for EHS
persons.

4.1.4. Other outcomes
A study by Birks et al. (2017) addressed the question whether mobile phone use by women during
pregnancy leads to behavioural problems of their children. The authors based their analysis on cohort
data from five countries (Denmark, The Netherlands, Norway, Spain and South Korea), with a total of
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more than 80 000 participating mother-child pairs. Both maternal mobile phone use and child
behavioural problems were assessed through questionnaires filled in by the mothers. With regard to
mobile phone use, data were collected prospectively in three of the cohorts, thus before the children
were born. For the remaining two cohorts, data on mobile phone use were collected retrospectively at
the same time when assessing potential behavioural problems at the age of five to seven. Children
whose mothers used their mobile phone often during pregnancy (more than 4-6 times or more than one
hour per day) had a 22 % higher risk of having hyperactivity or inattention problems. No increased
risk was found with regard to general behavioural or emotional problems. The analysis took account of
several potential confounders, such as civil status, education, history of psychopathology, smoking and
alcohol consumption during pregnancy, body mass index and height. The results were robust in a
multitude of sensitivity analyses, and independent of whether mobile phone use was assessed
prospectively or retrospectively.
The large database is a strength of the study, but there are also some weaknesses. The questions related
to mobile phone use, behavioural problems and co-factors varied in the different countries, and no
assessment was made about the actual strength of the children’s RF-EMF exposure during pregnancy.
Although the association as such has been established rather consistently, it remains unclear whether
mobile phone use of the mothers during pregnancy was actually the cause of the observed behavioural
problems of the children. Other factors related to maternal mobile phone use could have played a role
as well. It is also quite likely that mothers who frequently used a mobile phone during pregnancy have
continued doing so in the following years, which potentially also had an effect on later mother-child
interaction.
Maternal mobile phone use in pregnancy and child’s language, communication and motor skills at 3
and 5 years was investigated in a Norwegian prospective cohort study consisting of 45 389 motherchild pairs recruited at midpregnancy from 1999 to 2008 (Papadopoulou et al., 2017). Maternal
frequency of cell phone use in early pregnancy was assessed by a questionnaire administered at the
17th week of gestation. Early language development of the children at 3 years was assessed by the Dale
and Bishop Grammar rating, motor skills at 3 years and communication skills at 3 and 5 years were
assessed by the “Ages and Stages” questionnaire. Children of mobile phone using mothers (90% of the
sample) had a 17% (95% CI: -23 to -11%) lower adjusted risk of having low sentence complexity at 3
years, compared to children of non-users. The risk was 13%, 22% and 29% lower by low, medium and
high maternal mobile phone use. Additionally, children of mobile phone users had lower risk of low
motor skills score at 3 years, compared to children of non-users, but this association was not found at 5
years. Communication skills were not related to maternal mobile phone use. The authors speculate that
observed improvements in motor and language skills in relation to prenatal mobile phone use might be
explained by enhanced maternal-child interaction among mobile phone users.
This large study is of high quality. A particular asset is the prospective exposure assessment at the
time of pregnancy, which precludes from differential exposure misclassification. However, the study
does not make any attempt to differentiate between mobile phone use and RF-EMF exposure which
limits the interpretability of the findings. As acknowledged by the authors, residual confounding may
be an explanation for the observed associations, although a number of relevant confounders were
considered in the analysis (e.g parity, maternal age, education, year of delivery, maternal extrovert
personality score).
Choi et al. (2017) evaluated maternal mobile phone use and blood lead levels in the Korean
prospective birth cohort study MOCEH. Starting in 2006, 1 751 women were included at baseline and
filled in a questionnaire that inquired, among other things, about mobile phone use. After excluding
mothers who did not report on their mobile phone use, did not provide information on their child’s
development (Bayley Scales of Infant Development-Revised) or for whom no blood lead levels were
available, 1 198 mother-child pairs were included in the analysis. For a subgroup of 210 participants,
RF-EMF levels were measured with a personal exposimeter, the EME-SPY 100. Bayley tests were
performed when children were aged 6, 12, 24 and 36 months respectively, and the authors evaluated
the Mental as well as Psychomotor Development Index. Analyses were adjusted for a numerous
sociodemographic and co-exposures (e.g. urinary cotinine levels). Maternal mobile phone use was not
associated with the Mental Development Index, but more frequent maternal mobile phone use during
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pregnancy was associated with higher Psychomotor Development Index at ages 12 and 24 months of
the children. Measured RF-EMF levels were not associated with either of the scales, but the authors
noted a potential modifying effect of blood lead levels.
Strength of the study includes the prospective design, where mothers were asked about their mobile
phone use during pregnancy and developmental outcomes were assessed afterwards. However,
residual confounding is a concern for the associations with maternal mobile phone use as this may be a
proxy for many aspects of education and lifestyle, which might affect psychomotor development of
children.
Potential effects of mobile and cordless phone use on cognitive function were investigated in 412
primary school children (10-11 years) from the Australian ExPOSURE cohort study (Bhatt et al.,
2017). Cognitive functions were evaluated with the CogHealth™ test and Stroop Color-Word test, and
data on children’s socio-demographics, use of mobile and cordless phones were collected by
questionnaire at baseline and follow-up one year later. Change in cognitive functions over one year
was compared between children with an increase in call frequency vs. decrease or no change in call
frequency between baseline and follow-up. Analyses were adjusted for age, sex, ethnicity,
socioeconomic position, lag time between baseline and follow-up, handedness, and total weekly
screen time. Out of 26 tests, 4 significant results were observed pointing to decreased (2 tests) and
increased (1) reaction time as well as increased accuracy for children with an increase in exposure. In
conclusion, the study found no evidence that increase in mobile and cordless phone use of primary
school children had a negative impact on cognitive functions.
The longitudinal approach and considerations of confounding factors are assets of this study. The
exposure range was, however, small: On average, study participants made only two mobile and two
cordless phone calls per week. There was quite some discrepancy between mobile phone ownership as
reported by the parents or children themselves. This indicates the presence of exposure
misclassification in this study using self-reported exposure data. Also given the number of test
performed, some chance findings are expected.
Baby et al. (2017) conducted a cross-sectional study on the use of mobile phones and thyroid function
at a medical college in South India. They invited 100 undergraduate students (age 18 to 25 years)
required to be active mobile phone users and free from known thyroid conditions, 83 fulfilled these
criteria and returned a questionnaire on family history of thyroid conditions and their use of mobile
phones. 75 underwent clinical examination of their serum thyroid-stimulating hormone (TSH) levels.
80% of the participants had clinically normal thyroid function and 70% had no family history of
thyroid diseases. 53% of the participants talked around 30 minutes a day while eight students reported
talking on their phones for more than 3 hours a day. Exposure was calculated as daily seconds spent
talking on a phone times the phone specific SAR-value as reported by the manufacturer. A statistically
significant Pearson correlation between this metric and serum TSH level was found (p=0.025) also
when excluding subjects with a family history of thyroid conditions (p=0.038).
This is an insufficiently reported study with problems especially regarding the exposure assessment:
SAR values do not determine actual exposure levels. It is unclear if students held phones to their heads
during calling or used e.g. hands-free equipment, which would greatly reduce exposure received by the
pituitary gland. It is also unclear which time frame the mobile phone use questions pertain to, on
average per day or on the day of testing? This is relevant due to the short half-life of THS of about an
hour. The analysis was not corrected for potential confounders although this information was
collected. Finally, apparently, no effort was done to mask the purpose of the study to the participants,
meaning that possibly students with thyroid problems and high mobile phone use might have been
more interested in participating. All in all, this study is not informative regarding a potential effect of
mobile phone use on TSH.
The cause for most cases of sudden sensorineural hearing loss (SNHL) is unknown and Sagiv et al.
(2018) hypothesized that it might “somehow” be related to use of mobile phones. They identified 160
adult patients from their clinic that had developed unilateral SNHL between 2014 and 2016 and
reporting daily use of a mobile phone. In a case-only analysis, they compared lateral agreement
between the ear with SNHL and the dominant hand or the dominant ear, as proxies for the ear most
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exposed to RF-EMF. Using chi-square and t-test they found no correlation.
The study suffered from low-numbers, statistical methods that did not allow adjustment for potential
confounders and a very crude proxy for exposure which may all have driven estimates towards the
null. In this context, reverse causality is also of concern: hearing loss on the ipsilateral side with
respect to mobile phone use may be detected quicker. The study is uninformative.
Zothansiama et al. (2017) performed a cross-sectional study in 2015 and 2016 Aizawl city, Mizoram,
India. 80 healthy volunteers participated, of which 40 lived within 80 m of a mobile phone base station
(“exposed”), and 40 lived further than 300 m away (“unexposed”). Additional information regarding
age, sex, smoking, alcohol consumption and mobile phone use was collected by means of
questionnaires. A range of blood parameters were measured, such as glutathione, superoxide
dismutase, catalase or lipid peroxidation; which were compared between exposed and unexposed
volunteers. RF-EMF measurements were taken in homes of 23 volunteers and showed clear
differences between exposure groups. Response rate was not reported, also not how the unexposed
group was selected and how homes were selected for measurements. Power density was associated
with all measured blood parameters, also after correction for age, sex, smoking, alcohol consumption
and daily mobile phone use.
Unfortunately, many details of this study are insufficiently described, e.g. when and where (outside of
the home, inside, bedroom?) the measurements were performed and for how long, how measurements
were summarized, how volunteers were recruited, and if volunteers were aware of the study
hypothesis and may have self-selected into the study. Blood parameter values presented between
“high” and “low” measured RF-exposed based on measurements do not indicate strong differences
among volunteers exposed to levels > 4 or ≤ 4mW/m2, but are reported as statistically highly
significant differences. It is unclear if other, unmeasured or unreported, factors could have contributed
to the observed results. Due to the many unreported characteristics, the study results remain difficult to
interpret.
Nanjannawar et al. (2017) evaluated the hypothesis that mobile phone use releases nickel ion and
affects the pH of saliva in patients with fixed orthodontic appliances. To do so, they analyzed saliva
samples of 42 healthy patients aged 12 to 25 years who had fixed orthodontic appliances in their
mouth for a duration of 6 to 9 months. Nickel ion concentration and pH was compared between a
group of mobile phone users (n=21) and a group of non-mobile phone users (n=21). The latter group
mainly included children and women from rural areas, who did not have mobile phones of their own
and/or rarely used a mobile phone. Data were analyzed using unpaired t-tests. No statistically
significant differences between the two groups were found.
Limitations of this study include the small sample size, the low number of samples per person and lack
of confounding adjustment. It seems that the two groups were quite different.

4.1.5. Conclusions on epidemiological studies
Several new meta-analyses on brain tumour risk in relation to mobile phone use were published.
However, these papers do not contribute to a better understanding as essentially the identical
underlying study base was re-analysed several times. Overall, time trends of brain tumour incidence
stay rather constant over time. Increases have been reported for specific subtypes of tumours and
decreases in some others. Most likely changes in coding praxis are responsible for shifting number of
cases between different diagnoses. Thus, future incident studies should carefully report results for all
diagnoses and locations within a disease entity to allow better interpretation of the data.
Two studies on mobile phone use during pregnancy found positive and negative effects and suggested
that other factors than RF-EMF exposure may be at play. In terms of symptoms, several studies
reported associations with self-reported mobile phone use but not for exposure from transmitters.
These studies may indicate that other aspects related to frequent mobile phone use (e.g. distraction or
stress) than RF-EMF exposure may have an impact on health-related quality of life.
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4.2. Human studies
Contrary to other exposure types the number of studies investigating RF-EMF effects in human
experimental studies is relatively constant. While all studies considered in the previous report refer to
effects in healthy subjects, the current reporting period also covers a study in subjects who declared
themselves to be electrohypersensitive (Andrianome et al., 2017). The other two studies investigated
effects of radiofrequency electromagnetic field exposure on the activity of the waking brain in healthy
subjects (Dalecki et al. (2018); Hinrikus et al. (2017)), which was also the main outcome parameter in
the previous report.
Two other studies that did not meet the quality criteria to be included in the Council report are listed in
the Appendix.
Furthermore, two reviews were published. Zhang et al. (2017b) published a review on acute effects of
radiofrequency electromagnetic field emitted by mobile phone on brain function. Since their search
terms always included the word phone or mobile phone they missed other studies investigating effects
of RF exposure on the brain. Based on (selected) 16 studies covering various endpoints they come up
with the conclusion “several inconsistent findings exist, and (that) conclusions regarding adverse
effects of EMF exposure are currently limited”.
There are inconsistent results with regard to “brain function”, which is partly due to the fact, that
different outcomes have been considered together (e.g. results from imaging studies,
electrophysiological studies during wake and sleep, etc.). However, so far there is no evidence of
effects that are harmful to health.
The other review addressed effects of exposure from mobile phone-like signals, on attention in
humans (Curcio, 2018). The author selected laboratory volunteer studies with at least one verum and a
sham exposure condition. Out of the 43 studies, 31 indicated no exposure effect on attention; nine
indicated an improvement of attention, while three showed inconsistent results or a worsening of
performance. Although the author emphasizes that the studies are quite heterogeneous with regard to
methodology, dosimetry and statistical analyses, he concludes that there is a substantial lack of
evidence about a negative effect of non-ionizing radiations on attention.
This conclusion is consistent with the overall picture, which emerged from the Council reports of the
past years.

4.2.1. Brain Activity
Dalecki et al. (2018) investigated effects of a GSM-like exposure (920 MHz, peak spatial SAR values,
averaged over 10 g (psSAR10g) of 1 W/kg and 2 W/kg, and sham) in 36 healthy subjects (18 females,
age range: 18-52 years; mean ± SD: 24.4 ± 6.3 years). The study comprised four study visits separated
by at least one week. The first visit was a calibration session to practise the cognitive tasks. In study
visits two to four exposures were delivered in a double-blind, counterbalanced, cross-over design. The
assessments were performed at an individually fixed time of the day (09:00 or 13:00). The cognitive
task was a visual discrimination task with altogether 360 trials comprising non-targets, easy targets
and difficult targets. The difficulty of the task was individually calibrated on the basis of the
performance in the first session. Each experimental session comprised two blocks. In the first 30 min
block subjects were tested under the condition “RF ON”, followed by 30 min testing under the
condition “RF OFF”. Performance parameters are not reported. The authors analysed amplitudes and
latencies for seven components of a visually evoked potential. Exposure was delivered using the
xXh920 planar exposure system designed and distributed by IT’IS Zurich. All experiments were
performed with the subjects wearing a thermosuit to ensure that the external environment and prior
activity did not interfere with the experiment. There is, however, no information about a possible
interference of the EEG recording device and exposure. The authors controlled carefully for artefacts
due to eye movements. Analyses were performed 1) for amplitudes and latencies comparing sham
exposure to the average of the event-related potentials (ERPs) observed under both exposure
conditions, and 2) for low vs high real exposure. Both analyses were performed separately for easy
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and difficult targets (resulting in 56 tests: (7 amplitudes + 7 latencies)*2 target situations (easy and
difficult) * 2 exposure comparisons (sham vs exposure or-, high vs low exposure, respectively). None
of the comparisons between high and low exposure led to significant results. For the comparison sham
vs exposure two significant results were observed, one amplitude was affected in the easy target
condition and one latency in the difficult target condition. Since the differences were not obvious in
the comparison between real exposures and given the multiple testing situations the results were
considered to be due to chance.
Hinrikus et al. (2017) investigated whether different modulation frequencies (7, 40, and 1000 Hz) of a
450 MHz microwave signal affected EEG activity in 15 healthy volunteers (21-24 years, 7 females).
Modulation frequencies were chosen to reflect lower (7 Hz) and higher (40 Hz) activity of the normal
EEG spectrum. A much higher modulation of 1000 Hz served as a kind of control. The peak spatial
SAR averaged over 1g was calculated to be 0.303 W/kg. EEG was recorded with subjects lying in a
relaxed position with closed eyes. Sessions with randomly assigned different exposures were
scheduled on different days between 9 am and noon. Each recording session lasted for 30 min and
consisted of three experimental series with a constant modulation frequency. Each experimental series
consisted of five 2-min exposure cycles with 1-min exposure on and 1-min exposure off. Two of the
three 10-min sessions were with RF exposure and one without. EEG was recorded from nine
electrodes, covering frontal (Fp1, Fp2), temporal (T3, T4), parietal (P3, P4) and occipital (O1, O2)
brain regions with Cz as reference. For evaluation EEG was averaged over exposure cycles, EEG
channels and subjects. While modulation frequencies of 7 Hz and 1000 Hz did not affect EEG power
under exposure, a 40 Hz modulation resulted in significant increases in the power of EEG in the alpha
and beta frequency ranges. The authors conclude that these results are in good agreement with their
theory of parametric excitation of the brain bioelectric oscillations caused by the periodic alteration
of neurophysiologic parameters and that the data support the proposed mechanism.

4.2.2. Heart rate variability (HRV) and skin conductance
Effects of exposure to various EMF signals (GSM 900, GSM 1800, DECT, and Wi-Fi) on the
autonomic nervous system (ANS) in subjects who declared to be electrohypersensitive (EHS) were
investigated by Andrianome et al. (2017). In a first assessment, which was not related to any exposure,
they investigated differences in heart rate variability parameters, blood pressure, skin conductance, and
skin conductance response in a sample of 30 EHS subjects (18-65 years, mean ± SD: 47 ± 9 years) as
compared to 25 non-EHS subjects, which were matched for age, body mass index, and sex. None of
the parameters differed significantly between EHS and non-EHS subjects. The experiment, which was
related to possible exposure effects was performed in 10 of the 30 EHS subjects from the first
assessment, who agreed to be exposed to different EMF signals in a double-blind cross-over
experiment. Subjects were exposed in two different sessions (sham and real exposure) starting at 10
AM separated by an interval of at least one week. In the real exposure condition, subjects were
exposed consecutively to GSM 900, GSM 1800, DECT and Wi-Fi for a duration of 5 min each with an
exposure-free interval of 10 min between exposures. Symptoms were assessed in these exposure-free
intervals. Information about dosimetry and delivery of exposure is missing. None of the investigated
parameters (respiratory rate, blood pressure, heart rate variability parameters, skin conductance and
skin conductance reactivity) differed significantly between exposure conditions. The authors conclude
that exposure did not have an effect on the ANS parameters they explored. This conclusion is certainly
limited by the small sample size, which is due to the fact that only 10 out of the 30 EHS subjects
agreed to participate in the exposure-related experiment.

4.2.3. Conclusion on human studies
The studies on effects of RF-EMF exposure address endpoints other than the studies covered in the
last reporting period. One study concludes that there is no effect on visually evoked potentials, the
other underlines that a 40 Hz modulation of the RF signal affects EEG power. The conclusion, that RF
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does not affect the autonomous nervous system in subjects who declared themselves to be
electrohypersensitive is certainly limited by the small sample size and the related small power.

4.3. Animal studies
This year, the Council focuses on animal studies on carcinogenesis and on effects on brain and
behaviour.

4.3.1. Carcinogenesis
Recently, results from a major carcinogenesis study conducted by the National Toxicology Program
(NTP) in the USA were published in two reports (NTP, 2018a, 2018b). A Peer Review Panel has made
remarks, which will be used to formally finalize these reports. Therefore, they have not yet been
published in the peer-reviewed scientific literature, but in view of their importance they are discussed
here. Sprague Dawley rats were exposed to 900 MHz GSM- or CDMA-modulated signals at wholebody specific absorption rates (SAR) of 1.5, 3 or 6 W/kg (NTP, 2018a), and B6C3F1/N mice to 1900
MHz GSM- or CDMA-modulated signals at whole-body SARs of 2.5, 5 or 10 W/kg (NTP, 2018b).
Exposure was for 10 minutes on, then 10 minutes off, repeated for a total of 18 hours and 20 minutes
daily. Exposure of rats started in utero (on gestation day 5) and continued after birth for up to 107
weeks. In mice, it started at 5-6 weeks of age and continued for 106 and 108 weeks in males and
females respectively.
For GSM exposures, in male mice, there was “equivocal evidence” of carcinogenicity, based on
incidences of skin fibrosarcoma, sarcoma, or malignant fibrous histiocytoma, alveolar/bronchiolar
adenoma or carcinoma and malignant lymphoma. No evidence of neoplastic lesions was noted in
female mice. In male rats they found “some evidence of carcinogenic activity” based on malignant
schwannoma in the heart. They also concluded that there is “equivocal evidence of carcinogenicity”
based on incidences of tumours (benign, malignant, or complex combined) in the prostate gland, brain,
pituitary gland, adrenal medulla and pancreas. They found no evidence of carcinogenic activity in
female rats.
For CDMA exposures, they concluded that there was “equivocal evidence of carcinogenic activity” in
male and female mice based on incidences of hepatoblastoma and malignant lymphoma, respectively.
In rats they found “some evidence of carcinogenic activity” in males based on malignant schwannoma
in the heart and equivocal evidence based on malignant glioma in the brain, adenoma in the pituitary
gland and adenoma or carcinoma in the liver. In females the evidence was equivocal based on
malignant glioma in the brain and pheochromocytoma in the adrenal medulla.
There is considerable discussion on how to interpret these results. One problem is the lack of tumours
in the controls in the experiment, while there were tumours in the historical control groups. This may
have to do with the fact that the controls in the experiment lived shorter than the historical controls and
then the RF-exposed animals. When the historical controls are used to assess the tumour incidence, no
significantly increased incidence is found, while with the controls from the experiment this is the case
for the highest exposure level (6 W/kg) in the male rats for the cardiac schwannoma. The researchers
showed that at this exposure level the subcutaneous temperature was increased with approximately 0.5
°C (Wyde et al., 2018). However, the core temperature is likely to have increased more, since that is
less dependent on heat loss trough the superficial tissue layers. Possible effects on reproduction and
development of tumours should have been discussed in this context. Altogether there is considerable
uncertainty about how to interpret the results of this study.
(Falcioni et al., 2018) exposed male and female Sprague-Dawley rats prenatally from the 12th day of
gestation until their natural death for 19 h/day to a 1800 MHz GSM far field signal at whole-body
SARs of 0.001, 0.03 or 0.1 W/kg. They reported a significant increased incidence of Schwannomas in
the heart of male rats exposed at the highest SAR (0.1 W/kg), as well as increased incidence of heart
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Schwann cell hyperplasia (in males and females) and malignant glial tumours (in females only), but
these were not statistically significant. The results are not consistent with the results of the NTP study,
where no increased tumour incidences were found with the exposure level of 1.5 W/kg. They also only
reported on tumours in the heart and brain, and not in other tissues. Selective reporting of specific
tumours is not state of the art.

4.3.2. Behaviour and cognition
Obajuluwa et al. (2017) exposed male albino rats in groups of 6 to a 2.5 GHz WiFi signal for 24 h per
day during 4, 6 or 8 weeks at an E field level of 11 V/m [no SAR is provided]. At the end of each
exposure period analysis of behavioural parameters was performed and acetylcholinesterase gene
expression in the brain was assessed. In the Rotarod test (measuring anxiety) a reduction in the latency
of falling was observed in the exposed groups. In the open field test, the exploratory activity decreased
with increasing exposure duration. Acetylcholinesterase activity in the cerebral cortex was reduced
with all exposure durations, but an increased acetylcholinesterase gene expression level was found
only after 6 and 8 weeks of exposure.
Son et al. (2018) explored the effects of long-term exposure on behaviour using the 5xFAD mouse
model, which is transgenic for a rapid development of amyloid β plaques, thus being a model for the
development of Alzheimer’s disease (AD). Female mice (n= 8) were exposed at a whole-body SAR of
5 W/kg to a 1950 MHz RF field for 2 h per day, 5 days per week for 8 months. After the exposures,
sham-exposed animals exhibited increased activity levels in an open field test and had a much-reduced
preference for a novel object in an object recognition test, compared to age-matched, unexposed wildtype female mice. Significant decreased activities were shown by the exposed transgenic animals, and
their behaviour was similar to that of the wild-type animals. Thus long-term exposure appeared to
have attenuated the decline in cognitive ability shown by the transgenic animals at 9.5 months of age.
Zhang et al. (2017c) exposed juvenile C57BL/6 mice (n= 7 or 10) to 1800 MHz at a brain SAR of 2.2
W/kg for 6 h per day during 28 days. No effect on spatial learning or memory as assessed in a Morris
water maze was observed, but exposure increased levels of anxiety. Depression-like behaviour was not
affected. In both the hippocampus and the cortex a decreased level of γ-aminobutyric acid (GABA)
and aspartic acid was observed, but no effect on glutamic acid, glycine and acetylcholinesterase.
In an extension of a study published in 2015, Shahin et al. (2018) exposed 12 week old Swiss albino
mice to a 2.45 GHz CW field for 2 h per day for 15, 30 or 60 days at an average whole body SAR of
0.0146 W/kg. Animals (n= 20) were trained to perform a food-reinforced task in an 8-arm radial maze
to assess spatial learning and memory. With increasing exposure time they made more working and
reference memory errors. They also spent less time in the 4 previously-baited arms of the maze during
a probe trial. This effect was larger with increasing exposure periods. Additional biochemical and
molecular studies identified the classical hippocampal memory formation pathway to be involved in
these changes. The authors suggest that local stress was induced that suppressed signalling
mechanism(s) of hippocampal memory formation.
Van Eeghem et al. (2017) exposed NMRI mice (n=7) to 10 GHz fields amplitude modulated at 2 or 8
Hz. The brain SAR was 0.3 W/kg and the exposure was 24 hours per day during 6 days. Exposure had
no significant effect on motor coordination, spatial working memory, anxiety or depressive-like
behaviour, except for an immediate reduction in spontaneous activity in the open field with 2 Hz
modulation. They found no difference between exposed and sham-exposed animals in the levels of
dopamine, 3,4-dihydroxyphenylacetic acid (a metabolite of dopamine) and glutamate in the brain.
Sharma et al. (2017) exposed 14 day-old Swiss mice (n= 6) to a 10 GHz field for 2 h per day during 15
days. Spatial memory was investigated using a Morris water maze about 2 weeks after exposure.
Significant deficits were reported in learning during acquisition trials and in memory during the probe
trial indicating exposure had a sustained effect on behaviour.

53

Tan et al. (2017) exposed Wistar rats to pulsed 2.856 GHz and/or 1.5 GHz Exposure was for 6 minutes
to each frequency only, or for 6 minutes to one, followed by 6 minutes to the other frequency. Two
exposure levels were employed. With the low level, the whole-body SARs were 1.8 (1.5 GHz) and 1.7
(2.856 GHz) W/kg, with the high levels they were respectively 3.7 and 3.3 W/kg. Temperature,
measured at the rat’s surface increased less than 1 °C (n= 4). Place learning was assessed using the
water maze on days 1, 2, 7, 14 and 28 after exposure. Exposure increased escape latency only at the
higher SAR, irrespective of frequency, on all days.
Bodera et al. (2017) exposed Wistar rats (n=8 per group) to 1800 MHz for 15 minutes per day during 5
days, with a whole-body SAR of 0.024–0.028 W/kg. They found no effect on the expression in the
brain of N-methyl-d-aspartate receptor subunit NR1 (NMDA-R1; a transmembrane protein that, when
activated by binding of glutamate and glycine (or D-serine), allows positively charged ions to flow
through the cell membrane; it is very important for controlling synaptic plasticity and memory
function).
Wang et al. (2017a) exposed male Wistar rats (n=15) for 6 min per day, 5 days per week, during 6
weeks. Brain SARs were 1.75, 3.5 and 7 W/kg. After the 7 W/kg exposures, no effect was found on
NMDAR1; NMDAR2A and p-NMDAR2B were decreased at 1 day after the last exposure, but not at
1, 6, 9 and 12 months; NMDAR2B was decreased at 1 day, 1 and 6 months, but not at the later times.
Place learning was assessed using a water maze. Only exposure at 7 W/kg caused deficits in learning
and memory at 7 days and at 1, 3, and 9 months after exposure. A brain SAR of 7 W/kg could have
resulted in thermal effects. No results were reported for the lower SAR levels.
Gokcek-Sarac et al. (2017) exposed Wistar rats (n=13 per group) to 900 or 2100 MHz EMF for 2 h per
day, 5 days per week, during 1 or 10 weeks. The brain SAR was 0.66 W/kg (900 MHz) or 0.27 W/kg
(2100 MHz). After the exposures, they found increased expression of a number of enzymes in the
hippocampus, including PKA, CaMKIIa, CREB, and p44/42 MAPK, all involved in NMDAR-related
signalling pathways. The effects were stronger after the longer exposure and with 2100 MHz
compared to 900 MHz.
Kim et al. (2017a) exposed C57Bl/6 mice for 5 h per day, 5 days per week during 4 or 12 weeks to
835 MHz at a whole-body SAR of 4 W/kg. In both cases they found a decreased number of synaptic
vesicles in the cortex. They also observed an exposure time-related decrease in synapsin in neurons.
Synapsin is a key regulator of storage and mobilization of synaptic vesicles at synaptic terminals. So
this means that there may be an influence of exposure on neurotransmission.

4.3.3. Apoptosis and oxidative stress
Ertilav et al. (2018a) exposed Wistar rats (n=8 per group) to 900 or 1800 MHz for 1 h per day, 5 days
per week during 1 year at a whole-body SAR of 0.15±0.10 W/kg. After the last exposure they
extracted hippocampal and dorsal root ganglion neurons and investigated the pronociceptive
polymodal receptor sensing transient receptor potential (TRP) vanilloid 1 (TRPV1). They found in
both types of cells with both frequencies an increase in TRPV1 currents, intracellular free calcium
influx, reactive oxygen species production, mitochondrial membrane depolarization, apoptosis and in
caspase 3 and 9 levels. They suggest that this reflects an RF-EMF-induced stress response.
Kerimoglu et al. (2018) exposed male Sprague Dawley rats (n= 8 per group) to 900 MHz fields for 1 h
per day during 38 days at a WBA SAR of 0.0093 W/kg. When assessed after the last exposure, the
levels of malondialdehyde, catalase and superoxide dismutase were increased in the sciatic nerve,
while glutathione was not. There was also marked thickening in the epineurium.
In three papers, Kim and et al. (Kim et al., 2017b; Kim et al., 2018b; Kim et al., 2018a) presented an
experiment in which they exposed C57BL/6 mice for 5 h per day, 5 days per week during 12 weeks to
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835 MHz at a whole-body SAR of 4 W/kg. They assessed in different brain areas the expression of
several genes and proteins related to autophagy. In the first paper, Kim et al. (2017b) found increased
expression in the cortex. They also observed induced hyperactivity as measured in an open field arena.
In the second paper, Kim et al. (2018b) they also found this in the hippocampus, but not in the brain
stem. In the third paper, Kim et al. (2018a) they observed decreased calcium channel expression in the
hippocampus, which they assume to indicate altered intracellular calcium homeostasis. They also
observed accumulation of autolysosomes in hippocampal neurons and increased expression of
autophagy-related genes and proteins. Therefore they suggest that the alterations in calcium
homeostasis are influenced by activation of autophagy and inhibition of apoptotic regulation.
In a study also evaluating behaviour, cognition and neurotransmitters (see previous sections) Bodera et
al. (2017) exposed Wistar rats (n= 8 per group) to 1800 MHz for 15 minutes per day during 5 days,
with a whole-body SAR of 0.024–0.028 W/kg. They found that the oxygen radical absorbance
capacity was decreased by ~2/3 (i.e. the level of radicals was increased). There was no effect on the
activity of endogenous radical trapping.
Lameth et al. (2017) investigated 14-day and 2-months old Wistar rats that were exposed to 1800 MHz
at a local brain SAR of 2.94 W/kg for 2 h. The expression in the cortex of a number of proteins that
are induced by acute neuroinflammation was assessed, including TNFα (tumour necrosis factor alpha),
IL6 (interleukin 6), IL1β, CCL2 (chemokine (C-C motif) ligand 2), NOS2 (inducible NO synthase)
and NOX2 (NOX2-dependent phagocyte NADPH oxidase). Exposure to EMF without
neuroinflammation had no effect on the expression of these enzymes.
Sharma et al. (2017), in a study reported under behaviour, exposed 14 day-old Swiss mice (n= 6) to a
10 GHz field for 2 h per day during 15 days. They found increased lipid peroxidation and catalase, and
reduced glutathione, superoxide dismutase and protein in the brain, both immediately after the
exposure and 6 weeks later.
Tan et al. (2017), in a study reported under behaviour, exposed Wistar rats to pulsed 2.856 GHz and/or
1.5 GHz Exposure was for 6 minutes to each frequency only, or for 6 minutes to one, followed by 6
minutes to the other frequency. Two exposure levels were employed. With the low level, the wholebody SARs were 1.8 (1.5 GHz) and 1.7 (2.856 GHz) W/kg, with the high levels they were respectively
3.7 and 3.3 W/kg. Temperature, measured at the rat’s surface increased less than 1 °C (n= 4).
Exposure at the low level to either single frequency had no effect on oxidative stress parameters in
brain tissue (n= 25). Combined exposure to low-level 2.856 and 1.5 GHz resulted in reduced
expression of acetylcholinesterase and cytochrome C oxidase. After exposure at the high levels, they
observed reduced expression of acetylcholinesterase, cytochrome C oxidase, and superoxide
dismutase. Following combined exposure to both frequencies, reduced expression of
acetylcholinesterase, brain derived neurotrophic factor, cytochrome C oxidase and superoxide
dismutase were found. In EEG recordings, the combined low-level exposure reduced power of α
waves; the single high-level 2.856 GHz exposure reduced the EEG frequency and power of α and β
waves, and increased power of θ wave; the single high-level 1.5 GHz exposure reduced the EEG
frequency and power of α wave; the combined high-level microwave exposures reduced the EEG
frequency and power of α and β waves, and increased power of θ wave. Morphological analyses of the
hippocampus carried out at 7 d after exposure (in 5 brains per group) by means of light microscopy
and transmission electron microscopy showed no changes vs. controls in rats exposed to single lowlevel 2.856 GHz or 1.5 GHz exposures, but some aberrations were found in all the other exposure
groups (the most in the combined high-level group).

4.3.4. Blood brain barrier
Poulletier de Gannes et al. (2017) exposed groups of 11-16 Wistar-Han rats to GSM 1800 or UMTS
1960 MHz signals at brain-averaged SARs of 0.026, 0.26, 2.6 or 13 W/kg for 2 h or for 2 h/day, 5
days/week for 4 weeks. The animals were restrained and the head was exposed using a loop antenna.
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Neither single nor repeated exposure to low level GSM or UMTS signals had any significant effect on
degeneration in the rat brain, but repeated exposures that caused local hyperthermia resulted in
increased albumin leakage. While fewer degenerating neurons and decreased albumin leakage were
observed at some time points after exposure, only repeated exposures to either signal at 13 W/kg
caused a significant increase in albumin leakage only after 50 days. The exposure at 13 W/kg caused a
temporary increase in the temperature of the cortex of about 0.9 °C.

4.3.5. Brain physiology
Aslan et al. (2017) exposed 21-d old male Sprague Dawley rats (n= 6 per group) to 900 MHz for 1 h
per day during 25 days at a WBA SAR of 0.01 W/kg. After the last exposure the cerebellum was
dissected and the number of Purkinje cells counted. In the exposed group the number was lower than
in the sham-exposed and cage control groups. They also observed alteration of normal Purkinje cell
arrangement and pathological changes including intense staining of neuron cytoplasm in the exposed
animals.

4.3.6. Conclusions
Two studies on carcinogenesis have a number of positive aspects, including their size and the duration
of the exposure and the attempts to provide a comprehensive analysis of the pathology. However, the
results are inconsistent between the studies in terms of the exposure levels where increased tumour
incidences are observed, and the main endpoint, schwannoma of the heart, is only a very rare tumour
in humans and therefore, likely, the public health relevance is not very high. Moreover, it is a tumour
that has never been reported in experimental RF cancer studies, so it is peculiar at the least that it now
appears in two studies that were published at the same time, and that it shows up only in rats and not in
mice. A discussion on the effects of heating at the high exposure level in male rats is missing.
Altogether the Council does not feel that these studies can be considered as clear indications for
carcinogenicity of RF fields in humans.
Eleven studies of sufficient quality were identified that investigated behavioural and cognitive effects
and effects on neurotransmitters of exposure to RF EMF. In most studies some effect was observed,
but it is difficult to find a clear overall picture. It is remarkable that both in studies with relatively low
(WBA SAR 14-179 mW/kg) and high (brain SAR 7 W/kg) exposure levels effects on memory were
observed, while in studies employing WBA SARs of 0.2-3.3 W/kg no effect was found. Anxiety was
found to be increased in two out of three studies. Several studies found effects on neurotransmitter /
signalling pathways in the cortex or hippocampus, but this was also not clearly related to exposure
levels. In one study using animals transgenic for human Alzheimer-related genes, the effects on
behaviour of the genetic alterations was annulled by RF EMF exposure.
In eight of the nine studies on apoptosis or oxidative stress, an effect indicative of increased oxidative
stress was observed. The one study on blood-brain barrier only found leakage with the very high local
brain exposure of 13 W/kg, which might have resulted from heating. Finally, a WBA SAR of 0.01
W/kg was shown to result in changes in Purkinje cells in the cerebellum. In contrast to earlier studies,
newer studies indicate possible effects of relatively low-level RF-EMF exposures on oxidative stress.
The results are however not conclusive and further studies are needed to confirm if the association
occurs in animals and to establish whether and to what extent it may occur in humans.
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Table 4.3.1. Animal studies on exposure to RF fields
Endpoint

Authors

Animals, source

Exposure

Effect

Carcinogenesis

NTP (2018a)

Rat, Sprague Dawley
900 MHz, GSM or
CDMA

WBA SAR 1.5, 3. 6
W/kg
10 min on/10 min off, 18
h 20 min/day, from
gestation day 5 for107
weeks

GSM, males: “some
evidence of
carcinogenic activity”;
females: no evidence
CDMA, males: “some
evidence of
carcinogenic activity”,
females: “equivocal
evidence of
carcinogenic activity”

NTP (2018b)

Mouse: B6C3F1/N
1900 MHz GSM or
CDMA

WBA SAR 2.5, 5, 10
W/kg
10 min on/10 min off, 18
h 20 min/day, from age
5-6 wk for 106 (male) or
108 weeks (female)

GSM, males: “equivocal
evidence” of
carcinogenicity;
females: no evidence
CDMA, males, females:
“equivocal evidence of
carcinogenic activity”

Falcioni et al. (2018)

Rat, Sprague Dawley
1800 MHz, GSM

WBA SAR 0.001, 0.03,
0.1 W/kg
19h/day, prenatal to
death

Males, 0.1 W/kg:
increased heart
Schwannoma.

Obajuluwa et al. (2017)

Rat, albino
2.5 GHz, WiFi

E field 11 V/m
24h/day, 4, 6, 8 weeks

Increased anxiety,
decreasing exploration
with increasing
exposure time.
Reduced
acetylcholinesterase
activity cortex (all
times), increased
acetylcholinesterase
gene expression after 6
and 8 weeks.

Son et al. (2018)

Mice, 5xFAD (AD
transgenic)
1950 MHz

WBA SAR 5 W/kg, 2
h/day, 5 days/week, 8
months

Transgenic sham
exposed: increased
activity, reduced object
recognition. Transgenic
exposed: same
behavior as wild-type
animals

Zhang et al. (2017c)

Mouse: C57/BL

WBA SAR 2.7 W/kg,
Brain SAR 2.2 W/kg
6 h/day, 28 days

No effects spatial
learning, depressionlike behavior;i ncreased
anxiety.
Hippocampus, cortex:
decreased GABA,
aspartic acid, no effect
glutamic acid, glycine,
acetylcholinesterase.

Behaviour, cognition,
neurotransmitters

1800 MHz
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Shahin et al. (2018)

Mouse: Swiss
2450 MHz CW

WBA SAR 14.6 mW/kg
2h/day, 15, 30 or 60
days

Exposure-time
dependent increase in
errors in working and
reference memory.
Involvement classical
hippocampal memory
formation pathway.

Van Eeghem et al.
(2017)

Mouse: NMRI
10 GHz, amplitudemodulated at 2 or 8 Hz

WBA SAR 0.3 W/kg
24 h/day, 6 days

No effect motor
coordination, spatial
working memory,
anxiety or depressivelike behavior, except
reduced activity
immediately after
exposure with 8 Hz .
No effect brain levels of
dopamine, 3,4dihydroxyphenylacetic
acid and glutamate.

Sharma et al. (2017)

Mouse: Swiss
1000 MHz

WBA SAR 0.179 W/kg
2 h/day, 15 days

Deficits in learning and
memory 2 weeks after
exposure.

Tan et al. (2017)

Rat: Wistar
1500 MHz, 2856 MHz
or both sequentially

WBA SAR 1.8/1.7 W/kg Escape latency
or 3.7/3.3 W/kg
increased only at higher
6 min/frequency
SAR (both frequencies).
No increased effect with
sequential exposure.
Acetylcholinesterase
expression: low level,
single frequency: no
effect; low-level,
combined exposure,
high levels: reduced.

Bodera et al. (2017)

Rat: Wistar
1800 MHz

WBA SAR 2.4-2.8
mW/kg
15 min/day, 5 days

No effect on NMDAR1.

Wang et al. (2017a)

Rat: Wistar
2586 MHz, pulsed

Brain SAR 1.7, 3.5 or 7
W/kg
6 min/day, 5 days/week,
6 weeks

Increased escape
latency, impaired
memory at 7 W/kg.
No effect on NMDAR1;
decreased NMDAR2A
and p-NMDAR2B at 1
day, not at 1, 6, 9 and
12 months; NMDAR2B
decreased at 1 day, 1
and 6 months.
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Apoptosis, oxidative
stress

Gökcek-Sarac et al.
(2017)

Rat: Wistar
900, 2100 MHz

Brain SAR 0.66 W/kg
(900 MHz) or 0.27 W/kg
(2100 MHz)
2 h/day, 5 days/week, 1
or 10 weeks

Kim et al. (2017a)

Mouse: C57Bl/6
835 MHz

WBA SAR 4 W/kg
Cortex: decreased
5 h/day, 5 days/week, 4 number of synaptic
or 12 weeks
vesicles, exposure timerelated decrease in
synapsin in neurons.

Ertilav et al. (2018b)

Rat: Wistar
900, 1800 MHz

WBA SAR 0.15±0.10
W/kg
1 h/day, 5 days/week, 1
year

In both types of
neuronswith both
frequencies increase in
apoptosis, caspase 3 &
9 in hippocampal and
dorsal root ganglion
neurons.

Kerimoğlu et al. (2018)

Rat: Sprague Dawley
900 MHz

WBA SAR 9.3 mW/kg
1 h/day, 38 days

Sciatic nerve: increased
malondialdehyde,
catalase, superoxide
dismutase, not
glutathione.

Kim et al., 2017b

Mouse: C57Bl/6
835 MHz

WBA SAR 4 W/kg
5 h/day, 5 days/week,
12 weeks

Cortex: increased
expression several
genes and proteins
related to autophagy.

Kim et al. (2018b)

Mouse: C57Bl/6
835 MHz

WBA SAR 4 W/kg
5 h/day, 5 days/week,
12 weeks

Hippocampus:
increased expression
several genes and
proteins related to
autophagy, not in brain
stem.

Kim et al. (2018a)

Mouse: C57Bl/6
835 MHz

WBA SAR 4 W/kg
5 h/day, 5 days/week,
12 weeks

Hippocampus:
decreased calcium
channel expression.
Hippocampal neurons:
accumulation of
autolysosomes,
increased expression
autophagy-related
genes and proteins.

Bodera et al. (2017)

Rat: Wistar
1800 MHz

WBA SAR 2.4-2.8
mW/kg
15 min/day, 5 days

Decreased oxygen
radical absorbance
capacity, no effect
endogenous radical
trapping.
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Hippocampus:
increased expression
PKA, CaMKIIa, CREB,
and p44/42 MAPK, all
involved in NMDARrelated signalling
pathways. Effects
stronger after the longer
exposure and with 2100
MHz compared to 900
MHz.

Lameth et al. (2017)

Rat: Wistar
1800 MHz

Brain SAR 2.94 W/kg
2h

Cortex: no effect on
TNFα, IL6, IL1β, CCL2,
NOS2, NOX2 in 14-day
and 2-months old rats.

Sharma et al. (2017)

Mouse: Swiss
1000 MHz

WBA SAR 0.179 W/kg
2 h/day, 15 days

Increased brain lipid
peroxidation, catalase,
reduced glutathione,
superoxide dismutase
and protein,
immediately and 6
weeks after exposure.

Tan et al. (2017)

Rat: Wistar
1500 MHz, 2856 MHz
or both sequentially

WBA SAR 1.8/1.7 W/kg Low level, single
or 3.7/3.3 W/kg
frequency: no effect.
6 min/frequency
Low-level, combined
exposure: reduced
acetylcholinesterase
and cytochrome C
oxidase.
High levels: reduced
acetylcholinesterase,
cytochrome C oxidase,
superoxide dismutase.

Blood-brain barrier

Poulletier de Gannes et
al. (2017)

Rat: Wistar-Han
1800 MHz, GSM
1960 MHz, UMTS

Brain local SAR 0.026,
0.26, 2.6 or 13 W/kg
2 h (single) or 2 h/day,
5 days/week for 4
weeks (repeated)

No effects except
repeated exposure to
either signal at 13 W/kg
increased albumin
leakage at 50 days.

Brain morphology

Aslan et al. (2017)

Rat: Sprague Dawley
900 MHz

WBA SAR 0.01 W/kg
1 h/day, 25 days

Purkinje cells
cerebellum: decreased
number, alteration
arrangement,
pathological changes.

4.4. Cell studies
Eleven papers are described in this section, dealing with the effect of RF exposure, given alone or in
combination with chemical or physical agents. Twelve more studies have been recognized but they
were excluded because they did not meet the inclusion criteria.
Several biological parameters have been investigated in a large frequency range, from 400 MHz to 60
GHz.

4.4.1. Adaptive response
The phenomenon of the RF-induced adaptive response is under investigation since a decade and in the
period of interest two papers have been published.
Sannino and co-workers (Sannino et al., 2017b) exposed Chinese Hamster lung fibroblast cell line
(V79) to 1950 MHz, UMTS signal, at four SAR values in the range 0.15 – 1.25 W/Kg for 20 h to
evaluate the induction of chromosomal damage (micronucleus frequency) induced by RF exposure
alone and given before a treatment with mitomycin-C (MMC), a well-known alkylating agent. The
results of four independent experiments indicated that the lower SAR values (0.15 and 0.30 W/Kg)
induced a slight but statistically significant increase in MN frequency (p<0.05) compared to sham
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exposed samples but such an increase was not recorded in cultures exposed to higher SARs (0.6 and
1.25 W/Kg). In addition, cell cultures were also pre-exposed at 0.3 or 1.25 W/kg, and then treated with
MMC and a significant reduction in the frequency of MN was detected in cultures pre-exposed to 1.25
W/kg compared to cultures treated with MMC alone (P<0.05), indicating induction of adaptive
response. Such a decrease was not induced by pre-exposure at 0.3 W/kg SAR. Taken together and
considering the dependency of RF exposure effects on the cell type, the results indicated
that V79 is a sensitive cell model to evidence either adverse or cell-protecting effects of RF exposure,
depending on experimental conditions applied.
He et al. (2017) exposed mouse bone marrow stromal cells to 900 MHz, at a calculated SAR of 0.41
mW/kg 3 h per day for five days. After RF exposure, some cultures were exposed to an acute dose of
1.5 Gy gamma radiation. The authors analysed the amount of DNA damage over the course of two
hours (0, 30, 60, 90, 120 minutes), evaluated by means of the comet assay and the expression and
transcription of poly (ADP-ribose) polymerase 1 (PARP1, a key sensor of DNA damage and regulator
of repair mechanisms). In addition, some cultures were also treated with 3-aminobenzamide (3-AB), a
potent inhibitor of PARP1. Each condition was tested in three independent experiments. No effects
were detected after RF exposure alone in terms of comet, while an increase of PARP1 gene and
protein expression was recorded (p<0.05). At variance, in cultures exposed to RF and gamma radiation
a decrease in DNA damage was detected compared to cultures exposed to gamma radiation alone
(P<0.01), indicating induction of adaptive response. Such a decrease was negated when cells were also
treated with 3-AB.
Although the results are very interesting and consistent, it has to be pointed out that the description of
the RF exposure system and dosimetry does not completely fullfill the good quality criteria.

4.4.2. Genotoxicity
Genotoxicity and co-genotoxicity have also been addressed by three research groups.
In at least three independent experiments, Herrala and co-workers (Herrala et al., 2018) exposed rat
primary astrocytes to 872MHz GSM-modulated or continuous wave (CW) at SAR levels of 0.6 or 6.0
W/kg for 24 h. Cell cultures were also treated for 3 h with Menadione (MQ) and methyl
methanesulfonate (MMS) after RF exposure. In addition, induced genomic instability (IGI) was
evaluated at 36 days after RF exposure, alone (GSM-modulated) or combined with MQ. No genotoxic
effects, evaluated as DNA migration and chromosomal damage, were induced by RF exposure alone.
Combined treatments induced increased DNA damage at 6.0 W/kg (p< 0.05) and decreased DNA
damage at 0.6 W/kg (p< 0.001) when cells were exposed to GSM-modulated RF radiation and MQ,
and increased micronucleus frequency in cells exposed to CW RF exposure at 0.6 W/kg and MMS
(p< 0.01). IGI was not induced for all the experimental conditions considered.
Primary cultured neurogenic cells were employed by Su and co-workers to evaluate the effect of 1, 6
and 24 h exposure (5 min on/10 min off) to 1800 MHz, GSM, 4 W/kg SAR, on DNA damage and key
cellular functions (Su et al., 2018). DNA damage was evaluated in terms of induction of gamma foci
in astrocytes, microglia and cortical neurons; in addition, cytokines detection was evaluated in cultures
of astrocytes and microglia and phagocytosis was assayed in microglia cells. In cortical neurons,
morphological changes were evaluated at day 3 (axon morphology), day 7 (dendrites morphology) and
day 14 (synapses density) through 14 days exposure/sham exposure, carried out 1h per day.
The results of three independent experiments showed that no effects of the RF exposure protocols
were induced in all the cell type investigated, except for phagocytic activity in microglia, which
resulted significantly decreased with respect to sham exposed controls (p< 0.05), and axon branch
length and number in cortical neurons (p< 0.05).
Kohler et al. (2018) examined whether short- and long-term exposure to Terrestrial Trunked Radio
(TETRA; carrier frequency: 395 MHz; pulse frequency: 17.64 Hz; differential quaternary phase-shift
keying -π/4 DQPSK- modulation) could affect the functional activity of neuronal in vitro networks.
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The experiments were performed in cryopreserved primary Sprague Dawley rat cortex neurons (E18);
extracellular recordings were carried out by using a microelectrode array (MEA) system. Neither 15
min (1.17 W/kg, n=18; 2.21 W/kg, n=12), nor 18 days TETRA exposure (1.17 W/kg, n=8) affected the
functionality of the neuronal network, in terms of spike rate, burst rate, burst duration and network
synchrony, compared to sham controls (15 min: n=22; 18 days: n=10).

4.4.3. Oxidative stress
Two studies were carried out by the research group of Marjanovic Cermak to investigate the oxidative
stress induced by exposure to 1800 MHz. In a first paper V79 cells were exposed for 10, 30 and 60
minutes at a calculated SAR of 1.6 W/Kg and impairment in cellular oxidation-reduction balance was
measured immediately after RF exposure (Marjanovic Cermak et al., 2017). In three independent
experiments, by comparing exposed and sham-exposed cultures, an increased level of superoxide
radicals was detected after 60-min exposure together with higher glutathione (GSH) level after 10-min
exposure (P< 0.05) and higher but not significant activity of GSH-Px. Lipid oxidative damage and
alterations of cell viability were not detected.
In the further study (Marjanovic Cermak et al., 2018) human neuroblastoma cells (SH-SY5Y) were
exposed for 10, 30 and 60 minutes in the same experimental conditions to evaluate Reactive Oxygen
species (ROS) formation, lipid and protein oxidative damage, by means of malondialdehyde and
protein carbonyls concentration, and antioxidant activity by means of total GSH content. For each
exposure duration, the ROS level was higher in exposed samples compared to sham-exposed ones (P<
0.05). After 60 min of exposure, a significant lipid and protein damage was also detected (P< 0.05),
and the highest GSH concentration was found after 10 min exposure (P< 0.05). Cell viability was
unaffected.
In both studies the characteristics of the RF signal (continuous wave or modulation) are not reported.

4.4.4. Fertility
Three studies addressed the possible effects of RF exposure on fertility.
Suzuki et al. (2017) investigated the effects of 1950 MHz, WCDMA, on mice spermatozoa and
oocytes exposed/sham-exposed to 2W/Kg for 1 h and evaluated rates of fertilization, embryogenesis
(8-cell embryo, blastocyst), and chromosome aberration. In particular, they exposed spermatozoa and
oocytes separately and fertilization was investigated by considering: a) exposed spermatozoa/not
exposed oocytes; b) exposed oocytes/not exposed spermatozoa; c) exposed spermatozoa and oocytes;
d) not exposed spermatozoa and oocytes. The results, obtained on 5 to 6 batches of cells indicated no
effect of RF exposure for all the parameter investigated and for all the conditions tested.
Lin et al. (2017) exposed mouse Leydig cells to 1950 MHz, GSM-talk, at 3 W/Kg for 24 h and
measured proliferation, cell cycle, apoptosis, ROS formation and testosterone secretion at 0, 1, 2, 3, 4,
and 5 days after exposure. Leydig cells are the interstitial testis cells with a crucial role for supporting
spermatogenesis and male reproductive function, including testosterone secretion. For each endpoint,
the experiments were conducted in triplicate. By comparing exposed and sham-exposed cultures, no
differences were found in terms of ROS formation and apoptosis. On th other hand, a reduction in cell
proliferation at 3, 4 and 5 days after RF exposure (p< 0.01) and an arrest in S phase of the cell cycle at
all time-points after exposure (p< 0.05) was detected. Testosterone content was decreased in the
supernatant (day 1, 2 and 4 after exposure) and in the cell lysate (day 1 and 2) (p< 0.05 vs. sham). In
addition, the mRNA expression level of the steroidogenic acute regulatory protein (StAR) and of the
cholesterol side-chain cleavage enzyme (P450scc) also resulted decreased, although differences
between the exposed and sham-exposed group resulted significant only for P450scc from day 2 to day
5 following exposure (p< 0.05).
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In the study by Zhang et al. (2017d) mouse spermatocyte-derived (GC-1) cells were exposed for 24 h
to 1950 MHz, 3 W/kg SAR, in presence and in absence of 6 Gy X-ray, delivered after RF exposure, to
evaluate apoptosis at day 3 and cell proliferation at days 1, 2, 3 and 4 after treatments. In at least three
independent experiments, no effect was detected after RF exposure alone with respect to shamexposed samples but, compared with the X-ray group, the proliferation level significantly decreased at
days 2 to 4 (p< 0.05) and the apoptotic rate significantly increased (p< 0.01) in the RF+X-ray group.
The authors also showed the involvement of B-cell lymphoma-2 (Bcl-2) and Bcl-2 associated X
protein (Bax) expression in the observed effect (p<0.05).

4.4.5. Other cellular endpoints
In a study carried out by Soubere Mahamoud et al. (2016) the microarray-based approach was used to
analyse modifications of the whole genome and to evaluate the effect on cell metabolism, the ATP
content in human keratinocytes exposed for 3 h at 60.4 GHz MMW at 20 mW/cm2. In addition, they
tested the effect of co-exposures with a glycolysis-inhibitor, 2-deoxyglucose (2dG) for 3 h.
The results from four to six independent experiments indicated that the MMW exposure alone did not
induce modification compared to sham-exposed samples. Co-exposure with 2dG did not alter the ATP
content, but a slight alteration in the transcriptome was detected (P<0.05). In particular, six genes were
identified, involved in the cytokine pathway. The authors stressed the importance of investigating the
impact of MMW-long term or chronic exposure on metabolically stressed cells.

4.4.6. Summary and conclusions for cell studies
Also in this period a large number of papers have been published on the effect of RF on cell cultures,
given alone or in combination with other chemical or physical agents but about 50% of them have not
been included in the analysis due to scanty quality criteria of the research. Most of the studies
considered do not indicate effects of RF exposure. In addition, they confirm that RF is able to modify
(by increasing or decreasing) the effect induced by chemical or physical agents.
Table 4.4.1. In vitro studies on exposure to RF fields
Cell type

Endpoint

Exposure conditions

Effect

Chinese
Hamster lung
fibroblast cell
line (V79)

MN frequency

1950 MHz, UMTS
0.15, 0.3, 0.6, 1.25 W/Kg
20 h
Co-exposure with MMC

Increased MN frequency in cells Sannino et al.
exposed at 0.15 and 0.3 W/Kg;
(2017)
Reduced MMC-induced MN in cells preexposed to 1.25 W/Kg

Mouse bone
marrow stromal
cells

DNA migration,
PARP1 expression

900 MHz
0.41 mW/kg
3 h per day for five days.
Co-exposure with 1.5 Gy
gamma radiation

No effects on DNA migration.
He et al., (2017)
Increased PARP1 gene and protein
expression.
Reduced gamma radiation-induced DNA
migration; such reduction was negated
in cultures treated with 3-AB.

Rat primary
astrocytes

DNA migration, MN
frequency, IGI

872MHz, GSM, CW

No effect of RF alone.

0.6, 6 W/kg
24 h
Co-exposure with MQ or
MMS

astrocytes,
microglia and
cortical neurons

Gamma foci,
cytokines,
phagocytosis,
morphological
changes

1800 MHz, GSM
4 W/kg
1, 6, 24 h; 1h/day for 7
days
(5 min on/10 min off cycles)
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Herrala et al.
Increased DNA damage at 6.0 W/kg and (2017)
decreased DNA damage at 0.6 W/kg in
cells co-exposed to GSM and MQ;
increased MN frequency in cells coexposed to CW at 0.6 W/kg and MMS
No effect on Gamma foci and cytokines. Su et al. (2018)
Reduced phagocytotic activity of
microglia; inhibited axon branch length
and number of cortical neurons.

Primary rat
cortex neurons
from Sprague
Dawley rat
cortex

spike rate, burst rate, 395 MHz, TETRA, carrier
frequency; pulse frequency No effects
burst duration and
17.64 Hz; differential
network synchrony
quaternary phase-shift
keying -π/4 DQPSKmodulation;
1.17 or 2.21 W/kg: 15 min
1.17 W/kg: 18 days

Kohler et al.,
(2018)

Chinese
Hamster lung
fibroblast cell
line (V79)

Oxidative stress, cell 1800 MHz,
1.6 W/Kg
viability
10, 30, 60 min

Increased level of superoxide radicals
and GSH; no effects on lipid oxidative
damage cell viability

Marjanovic
Cermak et al.
(2017)

human
neuroblastoma
cells (SH-SY5Y)

Oxidative stress, cell 1800 MHz,
viability
1.6 W/Kg

Marjanovic
Cermak et al.
(2018)

Mouse
spermatozoa
and oocytes

Fertilization,
embryogenesis and
chromosomal
aberration

1950 MHz, WCDMA

Increased ROS formation and lipid and
protein damage after 60 min exposure;
increased GSH concentration after 10
min exposure).
No effects on cell viability.
No effect

Mouse Leydig
cells

Proliferation, cell
cycle, apoptosis,
ROS formation and
testosterone
secretion measured
0, 1, 2, 3, 4, and 5
days after exposure

1950 MHz, GSM-talk

Proliferation,
apoptosis

1950 MHz, UMTS

No effect of RF alone.

3 W/Kg

Increased X-ray induced apoptosis and
decreased X-ray induced proliferation
rate

mouse
spermatocytederived cells
(GC-1)

10, 30, 60 min

2 W/Kg
1h

3 W/Kg
24 h

24 h
Co-exposure: 6 Gy X-rays

human
keratinocytes

modifications of the
whole genome and
ATP content

Suzuki et al.
(2017)

No effect on ROS formation and
Lin et al. (2017)
apoptosis.
Reduced cell proliferation at 3, 4 and 5
days after RF and arrest in S phase at
all time-points after exposure.
Decreased testosterone content and
mRNA expression of P450scc from day
2 to day 5 after exposure.

60.4 GHz, 20 mW/cm2

No effects of MMW alone;

3h

Co-exposure induces a slight alteration
in the transcriptome; no effect on ATP.

Co-exposure: 2dG

Zhang et al.
(2017)

Soubere
Mahamoud et
al. (2016)

Abbreviations: 2dg: 2-deoxyglucose; 3-AB: 3-aminobenzamide; ATP: ATP: adenosine triphosphate acid; GSH: glutathione;
GSM: Global System for Mobile Communication; IGI: induced genomic instability; MMC: mitomycin-C; MMS: methyl
methanesulfonate; MMW: millimeter waves; MN: micronuclei; MQ: menadione; P450scc: cholesterol side-chain cleavage
enzyme; PARP1: poly(ADP-ribose) polymerase 1; ROS: Reactive oxygen species; TETRA: Terrestrial Trunked Radio; UMTS:
universal mobile telecommunications system; differential quaternary phase-shift keying -π/4 DQPSK- modulation; W-CDMA:
Wideband Code Division Multiple Access
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5. Recent expert reports
This chapter briefly summarizes two expert reports published since the previous Council report. The
summaries are directly edited from the executive summaries of these reports. The Council do not
evaluate or comment any of the reports.

5.1. Power Lines and Health, Part I: childhood cancer.
Health Council of the Netherlands: Power Lines and Health, Part 1: childhood cancer, The Hague, The
Netherlands, 2018, Publication 2018/08.
Indications that the risk of getting childhood leukaemia is higher in children living near high voltage
power lines than in other children exist for some time. It is possible that there is an association with
the magnetic fields generated by the power lines. The Health Council concludes from the currently
available data that a causal relation with magnetic fields has not been proven, but that there are
indications for such relation. It remains therefore necessary to continue the precautionary policy with
high voltage power lines. The council gives the state secretary for Infrastructure and Water
Management into consideration to expand the precautionary policy to underground electricity cables
and other sources of prolonged exposure to magnetic fields from the electricity grid, because magnetic
fields are not blocked by soil and building materials.
Summary
In the Netherlands, on average approximately 135 new cases of childhood leukaemia are diagnosed
each year. There are indications that the risk of getting this disease is twice as high in children living
near overhead power lines than in other children. This means that one case of childhood leukaemia
every two years may be associated with the presence of overhead power lines. Exposure to the
magnetic fields generated by the power lines could be responsible for this, although other (unknown)
factors and chance cannot be excluded. Motivated by a Health Council report published in 2000, the
Netherlands Government recommends local and provincial authorities and electric power transport
companies to apply a precautionary policy. The aim is to prevent as much as possible that new
situations will arise with long-term exposure of children to magnetic fields from overhead highvoltage power lines that exceed an annual average level of 0.4 microtesla.
Childhood leukaemia
Overall, the results indicate an increasing risk of childhood leukaemia with decreasing distance and
increasing magnetic field strength. The risk estimate is higher when the magnetic field strength is
assessed more accurately. The most representative exposure estimate is the assessment of the magnetic
field strength in all residences of a child between birth and diagnosis. Based on these data, the
estimated leukaemia risk seems to be more than two and a half times higher in children that have been
long-term exposed to an average magnetic field strength of 0.3 to 0.4 microtesla or higher compared to
children that are exposed at background level. There is considerable uncertainty in this risk estimate,
but the Committee considers it highly unlikely that in reality there is no increased risk.
These new analyses confirm the earlier conclusions of the Health Council.
Other types of cancer
For other types of cancer in children only data are available on brain tumours and lymphomas. Only
for brain tumours sufficient data are available to carry out analyses. In studies using distance as a
measure of exposure, no indications for a association with brain cancer in children have been found. In
studies using the magnetic field strength as an exposure metric, the risk of brain cancer seems almost
1.5 times higher in children that have been long-term exposed in their homes to magnetic field
strengths averaging 0.4 microtesla or more. There is considerable uncertainty in this risk estimate and

65

the Committee considers it more likely that the increase is a chance finding than in the case of
leukaemia.
Conclusions
The analyses of the Committee provide indications of an association between exposure to magnetic
fields around overhead power lines and the incidence of childhood leukaemia and possibly brain
tumours. When the results are summarized in terms of the framework for assessing causality of the US
Environmental Protection Agency, the Committee concludes that they are ‘suggestive of a causal
relationship’ between magnetic field exposure and both leukaemia and brain tumours. However, the
indications are weaker for brain tumours than for leukaemia. For both cancer types there is insufficient
evidence for the qualification of a ‘likely’ or ‘proven causal relationship’, also because there is no
supporting evidence from animal studies.
Regarding the risk of childhood lymphomas, there is insufficient data to infer on causality.
An influence of other factors that are associated with the presence of overhead power lines cannot be
excluded. However, this has not been shown in research to date. It can also not be excluded that the
observations, in particular those concerning brain tumours, are chance findings.

Recommendations
The current scientific knowledge does not give the Committee reason to recommend the State
Secretary for Infrastructure and Water Management to reconsider the current policy regarding
overhead power lines. Since there are indications for a causal relationship between exposure to
magnetic fields and increased risks of childhood leukaemia and brain tumours, and magnetic fields are
not blocked by soil or construction materials, the Committee suggests the State Secretary from a
public health perspective to consider extending the precautionary policy to underground power cables
and other sources of long-term exposure to magnetic fields from the electricity grid, such as
transformer stations and transformer houses.

5.2.

OPINION of the French Agency for Food, Environmental and
Occupational Health & Safety regarding the expert appraisal on
“electromagnetic hypersensitivity (EHS) or idiopathic
environmental intolerance attributed to electromagnetic fields (IEIEMF)”

ANSES Opinion Request No 2011-SA-0150, 13 March 2018
https://www.anses.fr/en/system/files/AP2011SA0150EN.pdf
ANSES’s conclusions and recommendations
First of all, regarding the exposure of individuals to electromagnetic fields, ANSES reiterates the
recommendation it formulated in its Opinion of October 2013 on the exposure of individuals to
electromagnetic fields: “Considering the current or future deployment of new mobile communication
technologies […], in parallel with the existing services, and the uncertainties concerning the long-term
effects of exposure to radiofrequencies, the Agency emphasises the need for these technological
developments to go hand in hand with limitation of individual exposure, whether exposure is
environmental or related to devices”.
Regarding the need to undertake a collective expertise appraisal on the topic of EHS, ANSES
reiterates that in its Opinion of October 2013 it indicated that: “Considering on the one hand the
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number of recent publications and the expected publication of results from on-going studies, and on
the other, the need to grant particular attention to the issue of hypersensitivity to electromagnetic
waves, ANSES decided to postpone assessment of this issue, to be dealt with in a special report by the
Working Group”.
With regard to this expert appraisal, the Agency endorses the conclusions and recommendations of its
Expert Committee on Physical agents, new technologies and development areas, set out above (see
Section 3).
It reiterates that this expert appraisal was undertaken between 2014 and 2017 by a dedicated
multidisciplinary working group, together with the Expert Committee on "Physical agents, new
technologies and development areas". This expert appraisal work drew on all the available scientific
literature, as well as on numerous hearings with hospital and general practitioners, researchers and
associations, in connection with electrohypersensitive (EHS) individuals. The Agency underlines the
fact that the expert appraisal report was available for public consultation between July and October
2016 and that it takes into account the numerous comments (more than 500) collected. This made it
possible, among other things, to supplement the references and enhance several parts of the report (see
Annex 17 on the review of the consultation and the main changes made to the report, as well as the
table of responses to the comments in the electronic Annex).
The expert appraisal showed the great complexity of the issue of electrohypersensitivity. First of all,
there are currently no validated diagnostic criteria for EHS, and the expert appraisal found that it is
only possible to define EHS on the basis of self-reporting by people. In the end, in the current state of
knowledge, there is no solid experimental evidence enabling a causal relationship to be established
between exposure to electromagnetic fields and the symptoms described by EHS individuals.
However, the Agency emphasises that the complaints (pain, suffering) expressed by EHS individuals
are a reality of life and that they have to adapt their daily lives to cope with it.
The symptoms experienced by EHS individuals, as well as the psycho-social isolation suffered by
some of them, require and justify the provision of suitable care by health and social service
professionals (see the CES's recommendations for health and social service professionals). As such,
the Agency underlines the relevance of asking the French National Authority for Health to investigate
guidelines on the care of EHS individuals intended for health professionals. In particular, the Agency
recommends developing training for health and social service professionals in supporting and
counselling EHS individuals, as well as taking their questions and expectations into account in their
practices, especially in terms of quality of life. In addition, the Agency stresses the need to continue
research work on EHS, in accordance with the following recommendations:
 strengthen interactions between scientists and associations of EHS individuals (see
recommendations for research institutions and organisations);
 support the establishment of research infrastructures suitable for investigating EHS, mainly in order
to conduct long-term follow-up studies, while ensuring that the experimental conditions are controlled
and take into account the circumstances of EHS individuals;
 continue financing research work, in particular fundamental research, on the health effects of
radiofrequencies (see recommendations for the public authorities).
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Appendix: Studies excluded from analysis
Articles were identified in relevant scientific literature data bases such as PubMed as well as in the
specialized database EMF Portal. Reference lists of articles were screened for relevant papers. Several
studies had to be excluded from further analysis as they did not fulfil quality criteria. In this Appendix,
the excluded studies6 are listed and the reasons for exclusion are indicated. The list is divided into
epidemiological studies, human studies, animal studies and cell studies.

Epidemiological studies
In a first step, all articles that were not relevant for this report were discarded, i.e.
A)
Papers that did not study non-ionizing electromagnetic fields (i.e. static, extremely low
frequency, intermediate frequency or radiofrequency EMF), or
B)

did not study any health outcome (including letters, commentaries etc.), or

C)
did not in any way study the association between radiofrequency fields and a health outcome
(e.g. use of text messages for self-management of diabetes).
D)

Studies on using EMF as therapeutic interventions (e.g. diathermy),

E)

Case-reports were also excluded.

F)
Further, studies that did not include humans were excluded, as well as studies of humans with
an experimental design (these studies are included under “human studies”).
G)

Not a peer-reviewed publication, or published in another language than English,

H)

Studies published outside of the time frame of this report (online publication date).

Further, the following exclusion criteria were applied after screening the abstracts:
I) Study base not identified (e.g. self-selection of subjects in cross-sectional or case-control studies,
the population intended for inclusion not described)
J) No comparison group or no exposure considered (either no unexposed group or lacking
denominator for prevalence/incidence calculation in descriptive or incidence study), with the
exception of incidence trend studies from registries applying a systematic data collection.
K)

Narrative reviews

L)
Duplicate reports, unless new additional analyses are presented (including the first original
publication, and information from duplicate reports if new additional results were presented)
M) Addressing exclusively exposure assessment methods which have been proven to be invalid such
as self-estimated distance to mobile phone base stations.

6

The articles are primarily identified through searches in relevant scientific literature data bases. However, the searches will never give a complete
list of published articles. Neither will the list of articles that do not fulfil quality criteria be complete.
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Bilgrami et al. (2017)

A

Brascher et al. (2017)

A

Demoury et al. (2017)

A

Huang et al. (2018)

A

Lu et al. (2017)

A

Ostrom et al. (2018)

A

Sagar et al. (2018a)

A

Sagiv et al. (2018)

A

Satta et al. (2018)

A

Straker et al. (2018)

A

Wiedemann et al. (2017)

A

Xu et al. (2017b)

A

Beghi (2017)

B

Bhatt et al. (2017)

B

Brzozek et al. (2018)

B

Burgi et al. (2017)

B

Chiaramello et al. (2017)

B

Choi et al. (2018b)

B

Choi et al. (2018a)

B

Fernandez-Garcia and Gil (2017)

B

Fischer et al. (2017)

B

Gkonis et al. (2017)

B

Hardell (2018)

B

Heuser and Heuser (2017)

B

Jung et al. (2018)

B

Korpinen and Paakkonen (2018)

B

Mireku et al. (2018)

B
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Mortazavi and Mortazavi (2018)
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Redmayne (2018)
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Reedijk et al. (2018)
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Roozbeh et al. (2018)
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Sagar et al. (2018b)

B

Sage and Hardell (2018)

B

Sato et al. (2018)

B

Schmiedchen et al. (2018)

B

Toledano et al. (2018)

B

Turner et al. (2016)

B

Vermeulen et al. (2017)

B

Altuntas et al. (2018)
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Bhargav et al. (2017)

F

Dalecki et al. (2018)

F

Davarpanah Jazi et al. (2017)
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Henz et al. (2018)
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Misek et al. (2018)

F

Modolo et al. (2017)

F

Nayback-Beebe et al. (2017)

F

Garzillo et al. (2016)

H

Gunnarsson and Bodin (2017)

H

Sato et al. (2017)

H

Gulati et al. (2018)

I

Taheri et al. (2017)

I

Claeson et al. (2018)

J

Jarusevicius et al. (2018)

J

Podolska (2018)

J
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Vuokko et al. (2018)

J

Callahan et al. (2018)

K

Carlberg and Hardell (2017)

K

Curcio (2018)

K

Di Ciaula (2018)

K

Frankel et al. (2018)

K

Hardell (2017)

K

Kocaman et al. (2018)

K

Mattsson et al. (2018)

K

Miah and Kamat (2017)

K

Pall (2018)

K

Russell (2018)

K

Sage and Burgio (2018)

K

Schuz and Erdmann (2016)

K

Sienkiewicz et al. (2017)

K

Wang and Zhang (2017)

K

Yan (2018)

K

Brignardello-Petersen (2017)

L

Das et al. (2017)

M

Kalafatakis et al. (2017)

F

Human studies
Static fields (SF) and Radiofrequency (RF) fields
Reference
Bhargav et al. (2017)

Reason for exclusion
Parallel group design, differences between groups at baseline for
many of the “significant” differences assessed post-exposure are
larger than the changes between pre and post in the real exposure
condition. This reflects the general criticism to the method, i.e. that
measurement results are due to chance and not reproducible. The
method is not validated.
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Derkacz et al. (2018)
Gawit et al. (2017)
Kalafatakis et al. (2017)

No sham exposure condition
Parallel group design, lack of information on exposure, no sham
intervention
Parallel group design

Animal studies
Static fields (SF) and extremely low frequency (ELF) fields
Reference
Adamkova et al. (2017)
Akbarnejad et al. (2017b)
Aslankoc et al. (2018)
de Sousa et al. (2017)
Dogan et al. (2017)
Djordjevic et al. (2017)
Xiaolin et al. (2017)
Kantarcioglu et al. (2018)
Jasmi et al. (2017)

Kazemein Jasemi et al. (2017)

Kilfoyle et al. (2018)
Klimley et al. (2017)

Kouzani et al. (2017)
Landler et al. (2017)
Laszlo et al. (2018)
Lei et al. (2018)
Li et al. (2017a)
Li et al. (2017c)

Li et al. (2017b)
Li et al. (2018)

Reason for exclusion
GMF & directional preference in dogs
No sham exposed AD control, Improper description of exposure,
experimental timing and animal housing
No sham-control, 1 EF level (10 kV/m) only, “resveratrol can
ameliorate the damage caused by EF”
No control, descriptive study using n=5 rats subjected to
anorectal electro stimulation aiming to improve incontinence
Improper description of exposure (8h, 2,48 µT, 80.3 V/m) and
rats’ housing during exposure, no. per group missing
No sham control, 2 x n=5/gr, 1 MF (10mT) + 1 control
Treatment related: EF stimulation (0 ± 0.5mV) of injured spinal
cord of rats
MR imaging (1.5 and 3 T) affects neural tube closure and
growth in chicken embryos
No sham control, improper description of SMF ovaries’and
mice’(?) exposure. Treatment-related: Vitrification process &
1mT SMF
No sham control, improper description of SMF and mice’
exposure. Major study parts are identical to the previous citation
(…2017a)
SMF and ELF-MF effects of undersea electric cables on coral
reef fish
GMF & local MF produced by DC cable and bridges and
influence on seasonal movement patterns of salmonid smolts &
adult green surgeon
Development and testing of a low power deep brain stimulation
device in rats
Ecotoxicological influence of Hg on spontaneous magnetic
alignment of snapping turtle hatchlings
Improper description of p ELF-MF exposure (50Hz, 10µT) of
turkeys. Number of controls (N04x1) questionable.
Treatment-related (osteoporosis, OVX mice), no sham-exposure
group, pEMF
Treatment-related (disuse osteoporosis, rat model), no shamexposure group, pEMF
Treatment-related: Neuropathic pain and spinal cord stimulation
(SCS) in a rat model at 50Hz to 10 kHz and 40 or 200µs pulse
width
Treatment-related (promotion of bone formation in diabetic
db/db mice), no sham-exposure group, pEMF
Treatment-related: Enhanced drug delivery to glioma in rats via
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Luyck et al. (2017)
Madularu et al. (2017)
Myklatun et al. (2018)
Newton and Kajiura (2017)
Naisbett-Jones et al. (2017)
Opitz et al. (2017)
Osanai et al. (2018)

Pinzon-Rodriguez and Muheim
(2017)
Putman et al. (2018)
Samaddar et al. (2017)
Seo et al. (2018)
Shakhparonov and Ogurtsov
(2017)
Soliman et al. (2017)

Vaena et al. (2017)

Voroslakos et al. (2018)
Vuka et al. (2018)
Xu et al. (2017a)
Yamaguchi et al. (2018)
Zhao et al. (2017a)
Zhou et al. (2017)
Zhu et al. (2018)

EMP-induced BBB-disruption
Treatment-related: Deep brain stimulation (DBS) at 100Hz, 40µs
and 300µA or at 130Hz, 220µs
Treatment-related: Intracerebral stimulation during MRI in rats
using a special in situ coil system
GMF, magnetoreception and orientation in zebrafish & medaka
GMF, magnetic field discrimination, memory in yellow stingray
GMF, Magneto-orientation of juvenile European eels
Transcranial electric stimulation (TES) in a NHP (Cebus
monkey) pre- and postmortem
Treatment-related: Micro-coil-induced activation of the mouse
auditory cortex; i.e., new highly focal neuro-stimulation
technique
Magnetoreception: Light-dependent magnetic compass of zebra
finches
GMF and orientation (upward movement) of young Chinook
salmon emerging from nest
Treatment-related: Transspinal direct current stimulation
(tsDCS) affects adult-born spinal (stem) cells in mice
Treatment-related: Technical paper of a microwave signal
generation system for brain stimulation using a mouse.
GMF and orientation (determination of migratory direction) in
marsh frogs
Treatment-related: EF (30 mV/mm) for 10 min enhanced
homing of mesenchymal stem cells in damaged myocardium of
rats. EF exposure not described.
No (sham) control pigs for transcutaneous magnetic fixation
(SMF). Treatment-related: SMFs for treatment of injury and
disease.
Treatment-related: Transcranial electric stimulation on brain
circuits in rats and humans
Treatment-related: El. stimulation of DRG in the context of pain:
a systematic review; in vitro & in vivo studies
GMF & orientation: Magnetic sense for flight orientation in
armyworm moths.
Treatment-related: E2 incorportion by nsPEMF into fertilized
medaka embryos  assessment of mechanistic teratology
Treatment-related: SMF and wound healing in diabetic rats.
SMF applied by gluing a magnetic disk (230mT)
Treatment-related: Effect of PEMF therapy-timing on OVXinduced deterioration in rat bone
Treatment-related: Determination of an optimal duration (1.5h!)
of 50Hz, 1.8mT ELF-MF-exposure per day regarding increase of
peak bone mass in newborn and weaning rats. (In vitro and in
vivo paper.)

Radiofrequency (RF) fields
Reference
Bahreyni Toossi et al. (2018)

Reason for exclusion
Incomplete dosimetry
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Cetkin et al. (2017)

No dosimetry

Gevrek (2018)

Cell phone in talk mode as source, no dosimetry

Ghatei et al. (2017)

No dosimetry

Gohari et al. (2017)

No dosimetry

Hao et al. (2018)

No frequency provided

Hassanshahi et al. (2017)

No dosimetry

Hiscock et al. (2017)

Theoretical study

Hu et al. (2017)

No RF frequency provided, incomplete dosimetry

Ibitayo et al. (2017)

No dosimetry

Kim et al. (2017a)

Incomplete dosimetry

Othman et al. (2017a)

No dosimetry

Othman et al. (2017c)

No dosimetry

Othman et al. (2017b)

No dosimetry

Oyewopo et al. (2017)

No dosimetry

Pandey and Giri (2018)

No sham exposed group

Shahin et al. (2018)

SAR calculation refers to Shahin et al. (2017) where SAR is
incorrectly calculated (for uterus!) assuming mobile phone
transmission at full power

Shahin et al. (2017)

SAR incorrectly calculated assuming mobile phone transmission at
full power

Cell studies
Static fields
Reference
Chen et al. (2018)

Reason for exclusion
No sham-control

Kamalipooya et al. (2017)

No sham-control

Kim et al. (2017d)

No sham-control

Mousavidoust et al. (2017)

No sham-control

Prasad et al. (2017)

No sham-control
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Extremely low frequency (ELF) fields
Reference
Aldahoun et al. (2017)

Reason for exclusion
No sham-control

Akbarnejad et al. (2017a)

No sham-control

Ehnert et al. (2017)

No sham-control

Ehnert et al. (2018)

No sham-control

Kim et al. (2017c)

No sham-control

Kim et al. (2017d)

No sham-control

Lucia et al. (2017)

No sham-control

Errico Provenzano et al. (2018)

No sham-control

Rezaie-Tavirani et al. (2017)

No sham-control

Villarini et al. (2017)

No sham-control

Radiofrequency (RF) fields
Reference
Alcantara et al. (2017)

Reason for exclusion
No sham-control

D'Silva et al. (2017)

No sham control. Inadequate description of the RF exposure
system and dosimetry.
No dosimetry performed. Mobile phone in ‘on’ mode
No dosimetry performed. Mobile phone in ‘on’ mode

Eghlidospour et al. (2017)

No dosimetry performed. Mobile phone in ‘on’ mode

Kayhan et al. (2016)

Inadequate description of the RF exposure system and dosimetry.
No monitoring of sample temperature.

Kim et al. (2017b)

Only Western blot images provided, no protein data reported. No
statistical analysis of protein data. No monitoring of sample
temperature.

Kuzniar et al. (2017)

Inadequate description of the RF exposure system and dosimetry.
No monitoring of sample temperature.

Park et al. (2018)

No sham control.

Ulasov et al. (2017)

No sham control. Inadequate description of the RF exposure
system and dosimetry.

Zhao et al. (2017b)

Inadequate description of the RF exposure system and dosimetry.
No monitoring of sample temperature.

Zilov et al. (2017)

No sham control. Inadequate description of the RF exposure
system and dosimetry.

Asano et al. (2017)
Danese et al. (2017)
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The Swedish Radiation Safety Authority has a
comprehensive responsibility to ensure that
society is safe from the effects of radiation.
The Authority works to achieve radiation safety
in a number of areas: nuclear power, medical care
as well as commercial products and
services. The Authority also works to achieve
protection from natural radiation and to
increase the level of radiation safety
internationally.
The Swedish Radiation Safety Authority works
proactively and preventively to protect people
and the environment from the harmful effects
of radiation, now and in the future. The Authority
issues regulations and supervises compliance,
while also supporting research, providing
training and information, and issuing advice.
Often, activities involving radiation require
licences issued by the Authority. The Swedish
Radiation Safety Authority maintains emergency
preparedness around the clock with the aim of
limiting the aftermath of radiation accidents
and the unintentional spreading of radioactive
substances. The Authority participates in
international co-operation in order to promote
radiation safety and finances projects aiming
to raise the level of radiation safety in certain
Eastern European countries.
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