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Abstract— 1 discuss several aspects of non-thermal effects of
electromagnetic fields while showing results of experiments
demonstrating how EMFs influence growth of corn seedlings
and growing of cress seeds. Not only EMFs of selected fre-
quencies but also broadband electromagnetic noise affects
living organisms Hypersensitivity to EMFs should be a matter
of special concern.
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1. INTRODUCTION

Research on bioelectromagnetism and its applications in
medicine have long history [1], much longer than physical
theory of electromagnetism and its technical applications.
Galvani’s first research papers on ‘animal electricity’ were
published in 1791 while Maxwell’s theory of electromag-
netic fields were published only in 1865 [2].

Research on effects of electromagnetic fields on living
organism were intensified after Il World War, in particular
after wide introduction of cellular phones. Because human
eye can perceive only a very small range of electromagnetic
spectrum we often remain largely unaware of the powerful
influence EMFs have on our health.

There is a huge amount of information about influence of
EMFs that one may find on the web and in print (cf. [3]), so
even for a specialist it is not easy to separate ‘the wheat
from the chaff’. Moreover, many very interesting research
have remained hidden in library magazines or have never
been made available in English like for example [4]. Also
interesting research from ‘pre-internet era’ remain unknown
because they are not found by web browsers.

1. NoN-THERMAL EFrecTs oF EMFs aAnND CHAOS

One is aware of the influence of EMF while perceiving
thermal effects caused by EM radiation. Electrothermic
effect is widely used in medicine, for example in diathermy.
Thermal interactions are well characterized by Specific
Absorption Rate (SAR). But weak, non-thermal interactions
that I call information interactions [5] might be even more
important. Low-level microwave radiation also causes non-
thermal effects [6].
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Information interactions cause non-thermal effects [3]
without increasing temperature of the living tissue. Energy
is supplied locally from biochemical reactions. Analogical-
ly, energy for a radio set or a TV set is supplied from elec-
tric socket or a battery while electromagnetic waves bring
either encoded useful information (voice, music, image)
that needs resonance decoding or just an information
noise (crackles, snow on the screen). While there are still
ambiguities if EMFs interactions with living organisms are
of resonant nature it is obvious that even broadband elec-
tromagnetic noise may disturb living processes since per-
petual transport of charged particles - electrons, protons,
ions - is an inherent characteristics of life.

Living organisms operate far from thermodynamic equi-
librium and are ‘spaghetti-like’. Like pulling a single long
thin string of spaghetti influence practically all other strings
on the plate, so a change in one part of the organism influ-
ence other parts, changing one process in the organism
influence other processes. Living organism is chaotic. That
is why fractal methods of biosignal analysis are very useful
(71, [8].

As it was stated in a report by European Parliament
STOA Panel in 2001 [9]: ‘Future research sponsored by the
EC, should incorporate the following recommendations:
(...) That systematic investigation be made of the influence
of different kinds of pulsing (of real phones) on the human
EEG, and ideally on the MEG, and of whether any observed
changes in power spectra are correlated with changes in the
level of deterministic chaos’. This level may be assessed by
analyzing biosignals generated by living organisms using
appropriate mathematical methods such as Higuchi fractal
dimension instead of linear methods (cf. [7]).

For example, assessment of changes of chaos in the brain
(of EEG-signal complexity measured by Higuchi’s fractal
dimension) that are due to influence of EMFs produced by
cellular phones may be applied for [7]:

- comparative assessment (homologation, certification) of
cell phone apparata of different brands and ‘gadgets’ such
as different neutralizing protective devices;

- screening of individual users on their sensitivity to EMFs.

In consequence of non-linear, non-equilibrium nature of
living organisms even the slightest differences in the physi-
ological state assume singular importance. That is why
difficulties are actually to be expected in attempts to inde-
pendently replicate certain non-thermal effects of an infor-
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mational nature of EMFs, both frequency-specific and
noise-induced effects. So, each medical treatment with
EMFs has to be carefully personalized since all living or-
ganisms and humans in particular can be adversely affected
by electromagnetic fields in a way that is not entertained or
addressed in most of existing safety guidelines - through
non-thermal influences of an informational nature [9]. Elec-
tromagnetic hypersensitivity (EHS) is similar to allergy to
some drugs [10], [11].

Because of huge interpersonal genetical and physiologi-
cal differences one should not average results obtained
while examining a group of persons since it leads to false
conclusions. Only comparison of the results obtained for the
same person ‘before’ and ‘after’ some stimulus or ‘without’
and ‘with’ some device may lead to valid conclusions about
this person e.g. that this person is hypersensitive (cf. [7]).

That is why experiments on animals and even on plants
make sense since it is possible to choose groups genetically
homogenous and to keep a control group. Here we present
results on influence of EMFs on growth of genetically ho-
mogenous corn (maize) seedlings - EMFs of given fre-
quencies but the same constant intensity (Fig. 1) and
broadband EMFs of given intensities (Fig. 2) [4].
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Fig. 1 Accelerated / slowed down growth of corn seedlings
compared to control, 100, due to EMFs of given frequencies
(60 to 60 000 Hz), same constant intensity (90 V/m);
two strains of corn, each genetically homogenous
(KLG-22.10 — white columns, Smolimag — shaded columns);
two experiments D1, D2; 15 repeats of each experiment in Faraday cage
(average values with standard deviations; from [4])

One can observe (Fig. 1) how EMFs influence differently
two strains of corn. Frequencies 60, 600, and 6000 Hz do
accelerate growth of the seedlings while frequency 60 000
Hz (60 kHz) decelerates (reduces) the rate of growth. No-
body could predict such an outcome.
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Fig. 2 Accelerated growth of corn seedlings compared to control, 100,
due to broadband EMFs (1 Hz - 30 MHz) of given intensities [ V/m]
two strains of corn, each genetically homogenous
(KLG-22.10 — white columns, Smolimag — shaded columns);

a. two experiments D1, D2, 14 repeats of each; background ~2.5 V/m
b. two or three experiments, 15 repeats of each; in Faraday cage

(average values with standard deviations; from [4])

Even more interesting is to observe (Fig. 2) how broad-
band EMFs (electromagnetic noise) influence this two
strains of corn and how it may differ even between experi-
ments with the field of the same intensity as seen especially
for the field of 55 V/m.

Also nobody could predict that the field of intensity
75 V/m has negligible influence on the growth of the seed-
lings while the fields of smaller and larger intensities have
much greater influence.
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1. WIFI INFLUENCE ON GROWING SEEDS

Recently a very simple experiment made by the 9™ grade
Danish students attracted international attention. The girls
took cress seeds and place them into 12 trays, 400 seeds in
each tray. Six trays of seeds were put into a room next to
two Wi-Fi routers, and six trays were put into another room
without routers. All trays were kept at the same tempera-
ture and obtained the same amount of water and sun over 12
days. Over those 12 days the students observed, measured,
took weight and pictures of the trays. And the result was
clear: cress seeds placed next to the routers did not grow,
and some of them were even mutated or dead ([13], cf.
Fig. 3b.). If EMFs emitted by Wi-Fi routers influence

growing cress seeds why to allege that these EMFs do not
influence human cells?

Fig. 3 The ‘healthy’ cress without the influence of the routers (a)
and the ‘sick’ cress exposed to the Wi-Fi routers (b) [13]
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Such experiments as that made by high-school Danish
students [13] are usually disputed by scientists as being
‘non-scientific’. Even experiments like those presented in
Figs. 1 and 2 are said to be questionable — it is often said
that the methodology is doubtful as maybe not standardized
enough and the non-thermal effects are debatable. But it is
not possible to make ‘really scientific’ experiments on in-
fluence of EMFs on humans, and even if it had been possi-
ble the interpersonal genetic differences would have caused
huge variation of the results.

1v. CONCLUSIONS

Maxwell’s theory of electromagnetism [2] works per-
fectly for EMFs in vacuum or in homogenous media. Living
organisms are very inhomogeneous and also encompass
many dynamical processes. So, there exist no general theory
of EMFs in living systems since there are multiple mecha-
nisms of interactions of EMFs with organisms, on all levels
of organization - from submolecular to supraorganismal.

For example, in vitro studies suggest that low levels of
EMFs may modify cancer cell growth, and this was the base
for therapeutic use of so called tumor-specific frequencies;
1524 such frequencies ranging from 0.1 Hz to 114 kHz
were identified; each of these frequencies appear to be spe-
cific for a single type of tumor [12].

On the other hand, meta analysis of scientific literature
supports the hypothesis that long-term (over 10 years) use
of mobile phones increases the risk of intracranial tumors
[14]. So, sensitivity to non-thermal effects of EMFs may
come into the picture only after quite long exposure. Quite
recent Canadian report lists more than 200 scientific studies
and 6 reviews that demonstrate potential harm at non-
thermal levels of radiofrequency/microwave radiation [15].

In the user instruction to so-called ‘magnetic mattress’
that may be bought on-line I have read that ‘it owes its ther-
apeutic effectiveness to scientifically selected time course of
electromagnetic pulses it generates’, so to the very specific
combination of frequencies and phases of simple pulses. On
the other hand I remember to read a scientific paper in early
1990s (‘pre-internet era’) in which the authors claimed that
in their research they had used pulses of very different
shapes but all having had in their Fourier spectra the identi-
cal constant component and just because of that they all had
caused the same effect; unfortunately I have lost the appro-
priate reference and I cannot find on the web neither this
paper nor information about any similar research. And as it
was demonstrated above (cf. Fig. 2) not only chosen EM
frequencies but also electromagnetic noise affects living
organisms; moreover, the effects depend on the field
strength. Probably different mechanisms act simultaneously.
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Methods used and interpretation of the experimental re-
sults depend a lot on who is financing the given research.
That is why independent basic research financed by public
money are extremely important. We did show (cf. [7]) that
non-linear fractal methods of biosignal analysis demonstrate
non-thermal effects of EMFs that remain unnoticed or mis-
interpreted when linear methods of analysis are used.

Question ‘Do EMFs pose a health risk?’ is wrongly
posed. The questions that should always be asked are ‘Does
EMF of given characteristics (like distribution of spectral
intensities, polarization, temporal repetitiveness, time of
exposition) pose a health risk for this person?’. There are
conflicting estimates on what percent of the population
suffers from electro-hypersensitivity, with some suggesting
that between 5 and 10% of people have the syndrome, and
that the incidence is increasing with time [10]. The same
conditions that seems to have no influence on one individu-
al may be dangerous for health of another person. Negative
effects of non-thermal EMFs may be not less dangerous
than adverse effects of some drugs. Do we still need more
independent research, not influenced by lobbying of indus-
trial or communication companies, on impact of EMFs on
living organisms? And the answer is: “¥€$, of course’.

It is no longer possible to deny non-thermal effects of
EMFs — existence of such effects is now obvious even for
high-school students.

ACKNOWLEDGMENTS

This work was supported by the Nalecz IBBE PAS
statutory activities and is also partially attributable to EU
COST Action BM1309 "EMF-MED".

CONFLICT OF INTEREST

The author declares that he has no conflict of interest.

REFERENCES

1. Malmivuo J, Plonsey R (1995) Bioelectromagnetism . Principles
and Applications of Bioelectric and Biomagnetic Fields. Oxford
University Press.

2. Maxwell J (1865): A dynamical theory of the electromagnetic
field. Phil. Trans. R. Soc. (Lond.) 155: 459-512.

3. Pall ML (2016) Thermal vs Non-Thermal Effects. List of 97
Reviews on Non-thermal Effects of Microwave/Lower Fre-
quency EMFs.
http://www.wirelesseducationaction.org/thermal-vs-non-
thermal-effects/

6.

10.

11.

12.

13.

14.

15.

883

Wlodarski A (1994) Influence of non-ionizing radiation on
growth of ZEA MAYS L seedlings (in Polish, Wplyw
promieniowania niejonizujacego na wzrost siewek ZEA MAYS
L.). Master thesis, Faculty of Biology, Warsaw University
Klonowski W (2010) Informational Interactions and the
Brain - Nonlinear Dynamics Reveals Individual
(Hyper)Sensitivity to EMF, Far East Journal of Dynamical Sys-
tems 13(2):129-137

Hinrikus H, Bachmann M, Karai D, Lass J (2017) Mechanism of
low-level microwave radiation effect on nervous system,
Electromagn Biol Med 36(2):202-212. doi:
10.1080/15368378.2016.1251451

Klonowski W (2007) From Conformons to Human Brains: An
Informal Overview of Nonlinear Dynamics and its Applications
in Biomedicine, Nonlinear Biomedical Physics 1:5

DOI: 10.1186/1753-4631-1-5
https://nonlinearbiomedphys.biomedcentral.com/articles/10.118
6/1753-4631-1-5

Klonowski W (2016) Fractal Analysis of Electroencephalo-
graphic Time Series (EEG Signals), in The Fractal Geometry of
the Brain, Antonio Di leva A (Ed), Springer SciencetBusiness
Media LLC, Springer Series in Computational Neuroscience ,
New York, Chapter 25. 413-429, ISBN 9781493939947, DOI
10.1007/978-1-4939-3995-4

European Parliament STOA Report (2001) The Physiological
and Environmental Effects of Non-Ionising Electromagnetic
Radiation
http://www.europarl.europa.eu/RegData/etudes/etudes/join/200
1/297574/DG-4-JOIN_ET(2001)297574_EN.pdf

Moskowitz JM (2017)  Electromagnetic Hypersensitivity
http://www.saferemr.com/2014/10/electromagnetic-
hypersensitivity 30.html

Belyaev I et al (2016) EUROPAEM EMF Guideline 2016 for
the prevention, diagnosis and treatment of EMF-related health
problems and illnesses, Rev Environ Health 31(3): 363-397
https:/www.degruyter.com/downloadpdf/j/reveh.2016.31.issue-
3/reveh-2016-0011/reveh-2016-0011.pdf

Barbault A et al (2009) Amplitude-modulated electromagnetic
fields for the treatment of cancer: Discovery of tumor-specific
frequencies and assessment of a novel therapeutic approach,
Journal of Experimental & Clinical Cancer Research 28:51
DOI: 10.1186/1756-9966-28-51
http://www.dr.dk/Nyheder/Indland/2013/05/16/131324.htm  (in
Danish)

Bortkiewicz A, Gadzicka E, Szymczak W (2017) Mobile phone
use and risk for intracranial tumors and salivary gland tumors -
A meta-analysis, Int J Occupational Med and Env Health.
30(1):27-43. doi:10.13075/ijjomeh.1896.00802

Canadians for Safe Technology (C4ST) Report (2017) ‘Refer-
ences of over 200 scientific studies and six (6) reviews report-
ing potential harm at non-thermal (not heating) levels of radiof-
requency/microwave radiation that are below Safety Code 6
(2015)’, http://c4st.org/200-scientific-studies-reporting-
potential-harm-non-thermal-levels/

Author: Wlodzimierz KLONOWSKI
Institute: Nalecz Institute of Biocybernetics and Biomedical

Engineering, Polish Academy of Sciences

Street: 4 Ks.Trojdena
City: Warsaw

Country: Poland

Email: wklon@ibib.waw.pl

IFMBE Proceedings Vol. 65




	220
Non-Thermal Effects of Electromagnetic Fields in Biology and Medicine
	Abstract

	Keywords
	I. INTRODUCTION
	II. NON-THERMAL EFFECTS OF EMFS AND CHAOS
	III. WI-FI INFLUENCE ON GROWING SEEDS
	IV. CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	REFERENCES




