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INTRODUCTION

I. INTRODUCTION: SCOPE AND METHODOLOGY
Literature
•
•
•

Identification of recent (> 2000), scientific, peer-reviewed research studies and reviews
Scope of the studies
• restricted to wildlife (no human health, only limited number on domestic animals)
• EMR range: only artificial / anthropogenic radiations (light excluded)
Out of 147 identified publications, 97 were used for the analyses

Multidisciplinary Steering Group
Biological/ecological experts (4)
• Plants
• Invertebrates
• Vertebrates

Technical experts (2)
•

Identification of 15 categories of radiations types
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Analytical grid (1)

For all the publications, the
experts identified and analysed:
•

taxonomic group(s)

•

Vertebrates

•

Invertebrates

•

Plants

•

EMR range/types

→→→

•

conditions (lab / field / both)
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Analytical grid (2)
•

Quality assessment of the studies in terms of:
technical aspects

•

&

biological/ecological aspects

•

0 - bad/insufficient quality

•

1 - minimum quality

•

2 – normal/medium quality

•

3 - excellent quality

Extraction of main findings and knowledge gaps
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Several points are remarkable with plants :
•

They are immobile organisms that can’t escape environmental cues. Consequently, they
must perceive and adapt their metabolism and development accordingly.

•

Their scheme of development places a high proportion of cell at the direct interface of the
environment : the surface to volume ratio is very high.

•

Plants have no conscience and constitute outstanding reporters of environmental events.
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It is important to distinguish the conditions of the studies :
•

Laboratory studies, where a precise control of exposure condition can be achieved

•

Field studies, where plants are subjected to a wide variety of environmental stresses
(wind, UV, pathogens, etc.)

And also the parameters that are considered :
•

Elementary events, mostly molecular : metabolic changes, gene expression, pigments…

•

Integrated responses, mostly at the scale of the whole organism : growth responses,
plant aspects…
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Different devices can be used to expose plants to electromagnetic fields :
•
Transverse Electromagnetic (TEM and G-TEM) cells : economic and easy to set-up,
allows the generation of high amplitude polarized EMF.

Vian et al., 2016

•
Communication devices (cell phones, DECT phones…) that should be avoided because
of automatisms that prevent control over exposure conditions.
•
MSRC (Mode Stirred Reverberation Chamber) : expensive and complex facilities that
allows the generation of homogeneous and isotropic EMF.

L A B O R AT O R Y S T U D I E S

I. LABORATORY STUDIES
Several studies demonstrated that exposing plants to EMF evokes changes in metabolic
activity.
ROS metabolism (Tkalec et al., 2005;
study on Lemna minor)

900 MHz, 2h.

L A B O R AT O R Y S T U D I E S

Chandel et al. (2017) on onions:
•
•
•

2100 MHz
Exposures 1 → 4h
SAR : 2.8 10-1 W.Kg-1

Lipid peroxidation, hydrogen peroxyde and superoxide
anion increased after the exposure.
The activity of Superoxide dismutase and catalase
increased after exposure :

L A B O R AT O R Y S T U D I E S

Energy-related metabolism: ATP and Adenylate Energy Charge

Work on tomato
(Roux et al., 2008)

Exposure in MSRC
(5 V.m-1, 10 min)

L A B O R AT O R Y S T U D I E S

Changes also occurred in gene expression.
Studies on tomato:
Roux et al. 2006-2008

Exposure in MSRC (5 V.m-1, 10 min)

L A B O R AT O R Y S T U D I E S

Some also show changes in plant development:
Halgamuge et al. (2015) exposed soybean seedlings to 5.7 and 41 V.m-1, corresponding to
(peak) power flux densities of 86 and 4400 mW m², and then measured the plants :

L A B O R AT O R Y S T U D I E S

Halgamuge et al. (2015)

Elongation of hypocotyl, epicotyl and roots was generally reduced after exposure to either
5.7 and 41 V.m-1

L A B O R AT O R Y S T U D I E S

Tkalec et al., 2005. Study on Lemna
minor.
At 900 MHz, 23 V.m-1 induces a
strong reduction of plant growth,
especially if the signal is modulated.
A higher amplitude increases the
growth inhibition.

The differences remain visible 14 days
after the end of exposure.

L A B O R AT O R Y S T U D I E S

Grémiaux et al., 2016.
Study on Rosa hybrida.
At 900 MHz, a 5 V.m-1 exposure on
plant did not cause any change on the
growth and development scheme of
the plant.
In contrast, the same treatment
performed on cuttings (before the
formation of the shoots) show that :
+ No change of growth occurred on
ALREADY FORMED axis (present into
the buds)
+ a marked reduction of axis whom
formation occurred AFTER the
exposure.

FIELD EXPERIMENTS

II. FIELD EXPERIMENTS
Field experiments (i.e. studying the effects of HF-EMF in the real environment) are far less
common.

The main difficulty here is to associate phenotypic traits to EMF effects since other
environmental cues may produce similar symptoms. The knowledge of metabolic pathways
that may be affected by EMF exposure could be here of great value.
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Haggerty (2010): study on trembling aspen (Populus tremuloides) cultivated in a shielded,
mock-shielded or not shielded area.
EMF field intensity ranged from −117 dBm
to −87 dBm at frequencies from 1
to 1,000 MHz. Mean field intensity was
−109 dBm (measured on June 6, 2009).

The biological observations seem to show
differences but present a tremendously
high level of variation.
The shielding effectiveness was 40-73 Db.
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Waldmann-Selsam et al. (2016). Field study in Bamberg, Germany.
02 Crown transparency (sparse leaves or needles):
the number of leaves or needles is reduced. The
crown transparency increases from year to year.

03 Brown leaves (start at leaf margins): the leaves
begin to turn brown in June. The browning starts at
the leaf margins. It looks similar to effects by salt.
08 Irregular growth. The growth of deciduous and
coniferous trees can be disturbed in different
manners. One observation is that trees bend to a
side.
10 Colour change of needles. Needles can change
their colour to yellow, red or brown.
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These authors showed :
+ the occurrence of unilateral damages and point it as an important argument for a causal
relationship between exposure to EMF and damages.
+ a high variety of damages (abnormal development, brown leaves...)
+ a high-level damage in trees within the vicinity of phone masts.
+ trees with unilateral damage in the radiation field of phone masts, always in visual contact to
phone masts.
+ statistical analysis showed that the most affected sides of damaged trees constitute a
different group

CONCLUSIONS

CONCLUSIONS

Some responses were reported after exposing plants to HF-EMF :
•

Metabolic changes

•

Gene expression modifications

•

Alteration of plant development, in laboratory studies and open environment

But for now, some aspects remain unanswered (not even really addressed in the literature):
•

Cellular components that firstly interfere with the HF-EMF ?

•

How do plant cope with long-term exposure such as those encountered in the urban
environment ?

CONCLUSIONS

KNOWLEDGE GAPS
•

Improve the quality of the exposure system: stop the use of telecom devices and prefer
TEM/G-TEM cells and other well defined devices.

•

Use reliable markers (enzymatic and/or gene expression) which are both inexpensive and
allow to report changes in the behaviour of plants. These markers also bring valuable
information of molecular events that occur shortly after exposure. They also allow a better
link with the exposure than growth studies that may integrate environmental signals other
than EMR, leading to misinterpretations.

•

Ideally, this biochemical/molecular studies should be completed by growth studies to assess
changes at the scale of the whole plant. Field experiments should this way relate symptoms
observed to biological/molecular changes.

