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Abstract
¢ Tumor-promoting effects of RF-EMF exposed mice have been reported
in 2010. Introduction
*  We have replicated the study with higher numbers of mice per group. Section snippets

*  We could fully confirm the previous results, thus the effects are
. References (21)
reproducible.
« Apparently, no clear dose-response relationship is evident.
* We hypothesize that metabolic changes are responsible for the effects

observed.

Abstract

The vast majority of invitro and invivo studies did not find cancerogenic effects of exposure
to electromagnetic fields (RF-EMF), i.e. emitted by mobile phones and base stations.
Previously published results from a pilot study with carcinogen-treated mice, however,
suggested tumor-promoting effects of RF-EMF (Tillmann etal., 2010). We have performed a
replication study using higher numbers of animals per group and including two additional
exposure levels (0 (sham), 0.04, 0.4 and 2W/kg SAR). We could confirm and extend the
originally reported findings. Numbers of tumors of the lungs and livers in exposed animals
were significantly higher than in sham-exposed controls. In addition, lymphomas were also
found to be significantly elevated by exposure. A clear dose-response effect is absent. We
hypothesize that these tumor-promoting effects may be caused by metabolic changes due
to exposure. Since many of the tumor-promoting effects in our study were seen at low to
moderate exposure levels (0.04 and 0.4W/kg SAR), thus well below exposure limits for the
users of mobile phones, further studies are warranted to investigate the underlying
mechanisms. Our findings may help to understand the repeatedly reported increased
incidences of brain tumors in heavy users of mobile phones.
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Introduction

The increased use of mobile phones during the last two decades was accompanied with
fears that their emission of radiofrequency electromagnetic fields (RF-EMF), sometimes
also called “radiation”, may have adverse health effects. So far, no biophysical mechanism
has been identified which would speak in favor of such effects since the quantum energy in
the frequency range used for mobile communication is far too low to break chemical bonds.
The only accepted mechanism by which RF-EMF could be harmful is heating which is
prevented at the current exposure limits for the general population (specific absorption
rate (SAR) 0.08 W/kg whole body; 2W/kg local exposure) [1]. Some epidemiological studies,
however, have found increased incidences of brain tumors in heavy users of mobile phones
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In 2010, a study was published [4] showing tumor-promoting effects of life-long exposure
to RF-EMF (Universal Mobile Telecommunication System, UMTS) at moderate exposure
levels in mice treated with a carcinogen (ethylnitrosourea, ENU) in utero. Those results
were potentially influenced by an unexpected infection with Helicobacter hepaticus (which
may have had an influence on the pathological findings in the liver, as suggested by the
authors). Nevertheless the data showed clear effects of RF-EMF exposure on the incidences
of lung and liver tumors. We have replicated this study with higher numbers of animals per
group, but otherwise under similar conditions, in order to clarify whether the previously
reported results could be confirmed. In addition, two additional SAR levels of exposure
(low and high) were included in order to investigate possible dose-response relationships.
Furthermore, we ensured that we did not have any infection with Helicobacter species in
our animals.
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Experimental design

The experiment was performed according to the German Animal Welfare Act and approved
by the local authorities (city state of Bremen). Special care was taken to repeat the study by
Tillmann etal. [4] as accurately as possible. Male C3H/HeNCrl (n=43) and female C57BI/6N
(n=290) mice were purchased in a staggered design from Charles River Germany, Sulzfeld,
Germany, at an age of 8-9 weeks. After acclimatization, at the age of 12 weeks (females),
the males and 128 females were mated for one ...

Results

Our study confirms and extends the previously published observations of tumor-promoting
effects of life-long RF-EMF exposure. The numbers of both adenomas and carcinomas were
significantly increased in the lungs, and carcinomas were significantly elevated in the livers
of RF-EMF exposed animals (Fig.1, Table1). As compared to the sham-exposed control mice,
numbers of animals with bronchiolo-alveolar adenomas (lungs) were doubled at low and
moderate SAR levels, and hepatocellular carcinomas ...

Discussion

The fact that both studies found basically the same tumor-promoting effects at levels below
the accepted (and in most countries legally defined) exposure limits for humans is
worrying. Although animal experiments are generally not easily transferable to the
situation in humans, the findings are a very clear indication that - in principal - tumor-
promoting effects of life-long RF-EMF exposure may occur at levels supposedly too low to
cause thermal effects. The basis for defining safety ...

Acknowledgments

We thank Tatjana Simon and Thomas Strohlein for expert technical assistance and Prof. Dr.
R.-P. Henke, Institute of Pathology, Oldenburg, Germany, for his kind help in verifying our
histopathological diagnoses. This study was supported by a grant from the Federal Office
for Radiation Protection (BfS), Salzgitter, Germany. The funding agency defined the
principal study design which was further developed with the corresponding author. The
authors declare no conflicts of interest. ...

References (21)

A. Ahlbom et al.

ICNIRP guidelines for limiting exposure to time-varying electric, magnetic, and
electromagnetic fields (up to 300 GHz)

Health Phys. (1998)

G. Coureau et al.

Section snippets

References (21)



Mobile phone use and brain tumours in the CERENAT case-control study
Occup. Environ. Med. (2014)

Interphone Study Group

Brain tumour risk in relation to mobile telephone use: results of the
INTERPHONE international case-control study

Int. ). Epidemiol. (2010)

T.Tillmann et al.

Indication of cocarcinogenic potential of chronic UMTS-modulated
radiofrequency exposure in an ethylnitrosourea mouse model

Int. ). Radiat. Biol. (2010)

T. Reinhardt et al.
Exposure set-ups for invivo experiments using radial waveguides
Radiat. Prot. Dosim. (2007)

World Health Organisation/International Agency for Research on Cancer (WHO/IARC)
International classification of rodent tumors

The Core Team

R: a Language and Environment for Statistical computing., R Foundation for
Statistical Computing

(2012)

P. Dixon
Why scientists value p values
Psychon. B. Rev. (1998)

T.Johansson
Hail the impossible: p-values, evidence, and likelihood
Scand. ). Psychol. (2011)

R. Nickerson

Null-hypothesis significance testing: misconceptions

There are more references available in the full text version of this article.

1 Present address: Medical Physics in Radiology, German Cancer Research Center (DKFZ), Heidelberg,

Germany.

Recommended articles

Based on reading popularity

Review article
Towards 5G communication systems: Are there health implications?
Agostino Di Ciaula

International Journal of Hygiene and Environmental Health « Volume 221, Issue 3 » 2018 « Pages 367-375

Research article

Effects of pre- and postnatal exposure to 1880-1900MHz DECT base radiation on
development in the rat

M. Stasinopoulou, ..., L.H. Margaritis

Reproductive Toxicology « Volume 65 - 2016 « Pages 248-262

Research article

Low-level arsenic in drinking water and risk of incident myocardial infarction: A cohort
study

Maria Monrad, ..., Ole Raaschou-Nielsen

Environmental Research « Volume 154 « 2017 « Pages 318-324

Research article
Electromagnetic hypersensitivity (EHS, microwave syndrome) - Review of mechanisms
Yael Stein, Iris G. Udasin

Environmental Research « Volume 186 « 2020 « Article 109445

Discussion ® Open access
Planetary electromagnetic pollution: it is time to assess its impact
Priyanka Bandara, David O Carpenter

The Lancet Planetary Health « Volume 2, Issue 12 - 2018 - Pages e512-e514

Research article
5 G wireless telecommunications expansion: Public health and environmental implications

Cindv L. Russell



Environmental Research « Volume 165 « 2018 « Pages 484-495

Metrics

Citations

Citation Indexes 92
Policy Citations 62
Captures

Mendeley Readers 107
Mentions

Blog Mentions 5
News Mentions 15
References 1
Social Media

Shares, Likes & Comments 110

©PLUMX

View details 7



