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Abstract

On the occasion of medical examinations of sick residents living near mobile phone base stations
changes in nearby trees (crown, leaves, trunk, branches, growth) were observed simultaneously with
clinical symptoms in humans since 2005. Both deciduous and coniferous trees as well as shrub
species were affected. The assessment of tree diseases is neither impeded by psychological impacts
nor by change of location.

Impacts of radiofrequency electromagnetic fields (RF-EMF) from radar, radio and TV on plant life
have been scientifically demonstrated over the past 80 years. Since 2005, the impact of modulated
RF-EMF - such as is present in mobile phone telephony - have been investigated in lab
experiments. Several research groups have reported about the impacts on germination, growth and
cell metabolism. Only a few scientific papers have been published to date on research concerning
the health conditions of trees in the vicinity of mobile phone base stations. These papers have
indicated harmful impacts.

For this reason, between 2007 and 2013, the conditions of tree around 620 mobile phone base
stations were documented. In the radio shadow of buildings or that of other trees, the trees remained
healthy. However, within the field of radiation, damage was observed on exposed trees. Unilateral
crown damage, beginning on the side facing the antenna, strongly indicates a further causal
relationship with RF-EMF. In the following, examples of crown damages and of untimely colouring
of leaves are presented. The authors believe, that scientific study is urgently needed to examine
these observations.

Keywords: Mobile phone base station, radiofrequency electromagnetic fields (RF-EMF), tree
damage

Introduction

Since 2005, on the occasion of medical examinations of sick residents living near mobile phone
base stations it was often striking, that simultaneously with humans trees fell ill in the same
surroundings (WALDMANN-SELSAM 2007).

During a workshop of the German Federal Office for Radiation Protection (BfS) on “Health effects
of electromagnetic fields from mobile phone telephony - medical reports” on 2 August 2006 not
only six physicians presented exemplary diseases of people exposed to RF-EMF, but also the
physicist and electrical engineer Dr.-Ing. V. Schorpp showed facts which indicated a causal
relationship between tree damage and chronic RF-EMF exposure (BFS 2006, SCHORPP 2006;
most recent summary of his findings: 2011).

Municipal gardeners in the Netherlands found, from 2004 on, rapidly increasing, new and
unexplainable patterns of damage. A contribution by RF-EMF was discussed
(BOOMAANTASTINGEN 2013). As it became evident that tree damage, especially after the start
of UMTS, increased with high speed at all visited mobile phone base stations, damages to trees
have been documented then also.

In November 2007 the BfS refused scientific investigations: “About potential effects of RF-EMF on
plants there are up to now no clear indications from scientists. That's why I do not attach priority to
this question either.” (DEHOS 2007).

The reference book “Dendrology and Tree care” (“Baumkunde und Baumpflege”; in German) of
Dipl. hort. Dr. phil. nat. Aloys Bernatzky from 1994 and further publications of eight decades verify
however, that the statement of the BfS cannot be based on the actual state of scientific
documentation (BERNATZKY 1994, WALDMANN-SELSAM 2010).



Material and Methods

There are 55 mobile phone sites in Bamberg with a total of 445 sector antennas and 6 round
antennas (as of March 2011). On the EMF database of German Federal Network Agency current
information about the mobile phone sites can be found (Bundesnetzagentur 2013). The site
certificate (“Standortbescheinigung”) provides information on mounting height of the antennas, the
number and main beam direction of the sector antennas, number of omnidirectional antennas (ND),
number of other transmitters, as well as the horizontal and vertical safety distances (see Tab. 1).
The issue date of the current certificate gives only the latest state of development of a site, but not
its temporal upgrading in the past. The date of the initial start of the mobile phone base station must
be obtained from municipal authorities or the residents.

Standortbescheinigungs-Nr.: 671501 Datum der Erteilung: 09.07.2010
Montagehohe auptstrahlrichtung Sicherheitsabstand fartikale'r

Sendeantenne iiber Grund (m) (HSR) in ° in HSR (m) (Srlnc)herheltsabstand
Mobilfunk | 18.4 H 10,000 H 5.00 H 0.84 |
Mobilfunk | 18.4 H 10,000 H 5.13 H 1.45 |
Mobilfunk | 18.4 H 130,000 H 5.00 H 0.84 |
Mobilfunk | 18.4 H 130,000 H 5.13 H 1.45 |
Mobilfunk | 18.4 H 250,000 H 5.00 H 0.84 |
Mobilfunk 18.4 H 250,000 H 5.13 H 1.45 |
Mobilfunk | 18.4 | 100,000 | 5.08 | 0.96 |
Mobilfunk 18.4 H 100,000 H 5.08 | 0.96 |
Mobilfunk 18.4 H 190,000 H 4.52 H 0.70 |
Mobilfunk 18.4 H 190,000 H 5.23 H 1.51 |
Mobilfunk 18.4 H 270,000 H 5.23 H 1.51 |
Mobilfunk | 18.4 H 270,000 H 4.52 H 0.70 |

Tab. 1: Example: Mobile phone site Schranne 3, Landesvermessungsamt, in Bamberg: On this base
station are currently twelve sector antennas installed (Bundesnetzagentur 2013).

The sites of all the mobile phone base stations and the main beam directions of the sector antennas
were marked in the map of Bamberg (Fig. 1).

From 2006 on the state of individual, striking trees was recorded photographically (first digital
camera Olympus FE-100). Since 2007 the conditions of the trees have been documented at most
base stations in Bamberg in time series. These pictures were taken with the digital camera
Panasonic DMC-FZ50.

At some base stations the radiofrequency electromagnetic fields (RF-EMF) were measured. The
measurements were carried out with the EMF-broadband analyzer HF 59B (27 MHz — 3.300 MHz),
UBB27_G3, from Gigahertz Solutions (measurement of the sum, peak values of power flux
density).

The emission of sector antennas takes place in main and side beams, bundled vertically and
horizontally. In general, a sector antenna covers a sector of 120 °. The RF-EMF are reflected by
buildings (Fig. 2) and hills, diffracted on edges. Both buildings and trees absorb the radiation. This
leads to an inhomogeneous electromagnetic field.




Fig.1: Detail from Bamberg city map with Domberg, Michelsberg, Concert Hall, Center, Schranne
(S), Wilhelmsplatz and a part of the Haingebiet. The sites of the mobile phone base stations
(yellow) and the main beam directions of the sector antennas (black) were added (base of the map:
City map Bamberg, 23. edition, Stidte-Verlag E. v. Wagner & J. Mitterhuber).

Bild 4: Funkausbreitungswege

4

1) Kaum Abstrahlung nach unten in das Gebiaude.
2) Seitenmaxima sind schwachar als Hauptstrahl,
3) Verlust durch Reflexion, Démpfung bai Emdringen in Gebiuds > 70 %
4) Hauptstran] trifft erst nach ca, 200 m auf Boden
{je nach Neigungswinke])
S5) Abschattung, evil, Funkloch, _
6) Aussendungen in die Feme kiinnen andare Funkzellen stéren.

Fig. 2: Paths of distribution of RF-EMF. The graph shows under 5) that buildings shield radiation
(from Bavarian State Ministry for the Environment and Health, StMUGYV 2007, Figure 4)

1) Only little radiation downwards into the building.

2) Side beams are weaker than main beam.

3) Loss through reflection, attenuation at penetrating buildings > 70%.

4) Main beam hits the ground after about 200 m (depending on inclination angle).

5) Attenuation, eventually dead spot.

6) Long-distance radiation can interfere with other radio cells.



Examples
A. Documentation of tree damage in time series

Spruce and birch trees, Bamberg, Zollnerstral3e
Since 2008 tree damages were observed in the three main beam directions of the mobile phone base
station at Zollnerstra3e. Two spruce trees and a birch tree are growing in a front garden in the
radiation field of two 215 °- sector antennas. In May 2010, the spruce tree, which was closer to the
station, lost many needles in the upper part. The birch tree did not grow upwards (Fig. 3a). Within
the next three years the loss of needles increased (Fig. 3 b).

27.05.10

Fig. 3a: 27 May 2010: Two spruce trees and a birch tree in the radiation field of the mobile phone
base station Zollnerstraf3e in Bamberg in May 2010. The spruce tree facing the transmitter has lost
many needles in the upper part. The birch tree does not grow upwards (Photo: C. Waldmann-
Selsam).

28.06.13

Fig. 3b: 28 June 2013: Over a period of three years the needle loss of the spruce tree to the right has
increased (Photo: C. Waldmann-Selsam).



Maple tree, Bamberg, Hauptsmoorstrafie

In June 2008 it was striking that a maple tree in a front garden in Hauptsmoorstraf3e in Bamberg
showed its left side heavily damaged and already trimmed (Fig. 4a). The right side was normal.
Visual contact was given from the maple to the mobile phone base station Hauptsmoorstr. 26 a with
its 18 sector antennas (Fig. 4c¢). The distance is 280 m. In the following time the damage increased.
In June 2010 leaves on the left and at the top showed brown leaf margins. Due to the asymmetrical
shape of the crown, road safety was no longer guaranteed. In winter 2010/2011 the tree was felt
(Fig. 4b).

08.07.08 03.06.11

280 m

Fig. 4a: 8 July 2008: Unilaterally damaged and already trimmed maple tree with line of sight to the
base station Hauptsmoorstr. 26 a in Bamberg (Photo: C. Waldmann-Selsam).

Fig. 4b: 3 June 2011: As the damage increased, the maple tree was felt in winter 2010/2011 (Photo:
C. Waldmann-Selsam).

08.06.08

Fig. 4c: 8 June 2008: View from the crossing Hauptsmoorstrale/ Seehofstrale on damaged maple
tree to the right, mobile phone base station Hauptsmoorstr. 26 a and two conifer trees with growth
disturbance on the top (Photo. C. Waldmann-Selsam).



Around this base station numerous tree damages in gardens beginning on the side, which was facing
the antennas, were observed and documented since 2008. All existing trees were affected: pear,
cherry, walnut, birch, lime, beech, oak, hornbeam, field maple, arborvitae, yew, sugarloaf spruce
and various conifers. Only in the radio shadow of buildings one could see healthy trees.

The spruce, birch and maple trees stand as examples for hundreds of documented, inhomogeneous
damaged treetops in the town and the district of Bamberg. Hundreds of trees had to be felt in
Bamberg in the last five years. At all tree species such damage had occurred. Soil compaction, soil
sealing, salt, pests, drought or climate change could not explain why trees became ill unilaterally,
why trees die in parks and around waters, why leaves become brown in June or why in some places
the Virginia creeper turned red already in July.

It was noted that the damaged trees had visual contact to mobile phone base stations and that trees
in the radio shadow of buildings or other trees did not show such damage.

These observations led to the hypothesis that there is a relationship between the EMF- emissions of
the mobile phone base stations and the unusual damage patterns in trees rapidly increasing in recent
years. To test this hypothesis measurements of the RF-EMF were carried out at damaged trees and
at Virginia creeper..

B. Relation to RF-EMF-Exposure
Maple tree, Bamberg, railway station

Since July 2008 the one-sided damage and browning of a maple tree at the railway station of
Bamberg was documented. The maple grows on a grass verge in the middle of the asphalt-covered
parking lot. To the south and to the west there is line of sight to mobile phone base stations. On 30
May 2012 measurements were carried out on the south and on the northeast side of the tree in a
height of three meters. The power flux density was 970 pW/m? on the damaged and brown south
side, and 130 puW/m? on the healthy and green northeast side (Fig. 5).

12.06.12

970 pW/m>

130 pW/m?

Fig. 5: 26 June 2012: One-sided damaged maple tree on a grass verge at the parking lot of the
railway station in Bamberg. There is line of sight to mobile phone base stations. The measurements
in a height of 3 meters showed considerable differences between the south and the northeast side:
south side: 970 pW/m?, northeast side130 pW/m? (Photo: C. Waldmann-Selsam).



Four maple trees on a meadow, Bamberg, Gutenbergstralie

On a meadow in the Gutenbergstralle four maple trees are standing side by side. From 2007 on the
considerable difference between the trees was striking. Maple tree 1 had no crown, but shoots from
its trunk. At maple tree 2 and 3, the crown development was disturbed. Maple tree 4 had a round,
leafy crown (Fig. 6). This different development continued in the following four years. From maple
tree 1 one can see the mobile phone base station Gutenbergstr. 20. From maple tree 4 the base
station is invisible because of the diagonal situated building in between.

On 27 November 2010 RF-EMF measurements were carried out. At maple tree 1, the power flux
density was 560 uW/m?, at maple tree 4 50 uW/m?.

After four years, in July 2012, the striking differences between the four maple trees still exist.

29.08.08
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Fig. 6: 29 August 2008: Four maple trees on a meadow along the Gutenbergstralle show consider-
able differences in August 2008. There is visual contact to the base station Gutenbergstr. 20 from
maple tree 1 whereas from maple tree 4 there is no visual contact. Measurements on 27 November
2010: 560 pW/m? at maple tree 1, 50 uW/m? at maple tree 4 (Photo: C. Waldmann-Selsam).

Maple and hornbeam trees, Bamberg, Obere Briicke

On the north side of the bridge Obere Briicke a maple tree and a hornbeam tree are growing on a
narrow islet between the river Regnitz and the canal Alter Kanal. Mid-October 2009 both trees still
had dense foliage (Fig. 7a). In the following period maple and hornbeam tree became more and
more transparent (Fig. 7b, 7¢). The hornbeam tree already coloured yellow in August. Branches
died. In spring 2012, dead branches were removed.

Maple and hornbeam are located in the radiation field of the mobile phone base station Schranne 3
(Vermessungsamt) on the former Franciscan monastery (s. map Fig. 1 and site certificate Tab. 1).
From Obere Briicke one can see southwards the mobile phone base station. The distance is 134 m.
The mobile phone base station started operating in 2005 and was enlarged in the following years. In
2011 there were twelve sector antennas (2x 10 °, 2x 100 °, 130 ° 2x, 2x 190 °, 250 ° 2x, 2x 270 °) in
a mounting height of 18.4 m . The main beams of the two 10 °- antennas run over the bridge. The
upper half of the hornbeam tree, which is located in the RF- field of the base station is transparent.
The lower half, which is shielded by the stone bridge pier against the EMF- emissions, shows
normal foliage. On 24 May 2012 results of the measurements were: around 8000 pW/m? on the
bridge, around 200 pW/m? 30 cm below the railing and 30 pW/m? at the Alter Kanal (Fig. 7d).



13.10.09

Fig. 7a: 13 October 2009: View from the south to maple and hornbeam trees on the Obere Briicke in
Bamberg with dense foliage (Photo: C. Waldmann-Selsam).

04.10.11

Fig. 7b: 4 October 2011: Conspicuous crown transparency and the begin of crown drought (Photo:
C. Waldmann-Selsam).

12.07.12

Fig. 7c: 12 July 2012: After removal of dead branches in spring 2012, the crowns show many gaps
(Photo: C. Waldmann-Selsam).



8000 pW/m>

200 pW/m?

30 pW/m>

Fig. 7d: 24 May 2012: View from the north to the Obere Briicke, the hornbeam tree and a part of the
maple tree. The upper half of the hornbeam tree, which is located in the radiation field of the base
station is transparent. The lower half, which is shielded by the stone bridge pier against the EMF-
emissions, shows normal foliage. On 24 May 2012 results of the measurements: around 8000
uW/m? on the bridge, around 200 uW/m? 30 cm below the railing and 30 pW/m? at the Alter Kanal
(Photo: C. Waldmann-Selsam).

Virginia creeper, Munich, Botanical Institute

The south facade of the Botanical Institute is densely overgrown with Virginia creeper (Fig. 8a).

On the north facade large areas of the Virginia creeper died off at the eastern and western wing

(Fig. 8b). The remaining virginia creeper was coloured red in great parts already on 3 August 2012.
From the north facade the mobile phone base station on the Eichamt is visible with 30 sector
antennas in a distance of 210 m.

The power flux density was 4980 uW/m? on the north side, 10 uW/m? on the south side. Around the
Eichamt there is a large number of damaged trees: for example near the hospital Dritter Orden and
in the EMF-exposed parts of the Botanical Gardens.



03.08.12

Figure 8a: 3 August 2012: South facade of the Botanical Institute of the Ludwig Maximilian

University in Munich with dense cover of Virginia creeper. Result of the measurement: 10 pW/m?
(Photo: C. Waldmann-Selsam).

03.08.12

Figure 8b: 3 August 2012: Western wing of the north facade of the Botanical Institute with partially
dead and prematurely red coloured Virginia creeper. RF-EMF from the mobile phone base station
on the Eichamt in a distance of 210 m hit upon the north facade and are reflected. Result of the
measurement: 4980 uW/m? (Photo: C. Waldmann-Selsam).
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Discussion

Heat, frost, drought, as well as composition, compaction and sealing of the soil, road salts, air and
soil pollutants and pests affect the health of trees. Until now the possibility, that radiofrequency
electromagnetic fields (RF-EMF) have an impact on the health of trees, has not been taken into
account in the differential diagnosis. Commonly considered factors are not sufficient for a plausible
explanation of the tree damages presented here.

The following observations point to a possible link between RF-EMF and tree damage:

1. In the electromagnetic field of all mobile phone base stations visited numerous tree damages
were observed.

2. The damage occurred in temporal relation with the putting into operation of new mobile phone
base stations.

3. Woody plants of all species are affected (deciduous and coniferous trees as well as shrubs).

4. In the radio shadow of buildings or trees however one could find at the same time healthy trees,
often only a few metres away. They should also suffer from air pollutants, ozone pollution or
climate change, if these factors were the cause for the tree damage at this place.

5. Trees growing in open areas as gardens and parks and at lakes and rivers (sectional) are affected.
Soil compaction, soil sealing, pollution, road salts or drought cannot explain these damages at such
sites.

6. Trees in alleys and in rows are often damaged variously. The different exposure by bundled
radiation of sector antennas (beams) can explain this phenomenon.

7. Crown damage often starts inhomogeneous (for example on the side that faces an antenna, or
only in the upper part where visual contact to a mobile phone base station is given).

If no one-sided root injury due to construction or small scale pathogenic soil differences is present,
experts do not have a plausible explanation for this special crown geometry of damaged trees. The
attenuation of the RF-EMF within the treetop offers an explanation. A part of the RF-EMF is
absorbed by leaves or needles, a part is reflected, scattered and diffracted. RF-EMF measurements
on damaged and on healthy crown sides showed great differences, thus confirming the shielding by
leaves or needles.

8. Leaves colour prematurely and fall already in summer. Frequently, browning starts at the leaf
margins. Since this change occurs also in gardens, it cannot be caused by road salt. The
scientifically, repeatedly proven influence on plant metabolism can cause premature colouring and
premature leaf fall (BEAUBOIS et al. 2007, GOLDSWORTHY 2006, ROUX et al. 2006, 2008,
SHARMA et al. 2009, TKALEC et al. 2009, VIAN et al. 2006).

9. At some sites trunks and branches show longitudinal fissures. It may be the result of excessive
growth. Scientific studies showed that certain frequencies and pulse sequences can promote growth
(MURAIJI et al. 1998). In addition, unusual bulbs occurred on trunks of various tree species under
RF-EMF-exposure. Such extraordinary changes on tree stems, observed in Alphen aan de Rjin, led
to studies at the University of Wageningen (VAN LAMMEREN and VAN KUIK 2007).

10. The increased growth of fungi, algae, lichens (symbiosis of fungi and algae) and mosses is
observed not only on trees, but also on fences, benches, roofs and sculptures. That's why the reason
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for the increase cannot lie only in the affected trees. Extensive test series of Bortels reported already
in the 1950ies that the growth of fungi was influenced by natural electromagnetic impulse radiation
of the atmosphere (sferics) (BORTELS 1951). The increase of lichens even near busy roads shows
that there must be other factors promoting the growth of lichens except clean air.

11. The rapidly increasing damage patterns were observed in many countries since 2004. There is a
temporal relationship between the building-up of the UMTS network and the acceleration of tree
damage.

Scientific studies and observations of communication technicians found impacts on plants from
electromagnetic fields since 80 years (WALDMANN-SELSAM 2010).
Some selected examples are presented below.

Poplars as receiving antennas

The French manual "La T.S.F. Pratique" from 1924 stated that a high poplar tree represents a good
receiving antenna for radio waves. The poplar tree enabled radio reception from the Eiffel tower
300 km away (COUSTET and WEISS 1924).

64 LA T. S. F. PRATIQUE

Arhres anfennes. — Un arbre élevé, un peuplier notam-
__ -~ - ment, peut constituer
une antenne assez effi-
cace. Le poste est alors
relié & un gros clou
planté dans le trone,
vers le tiers de la
hauteur de I’arbre. On
peut réunir plusicurs
arbres en parallele
(fig. 40) et entendre
ainsi la tour Kiffel jus-
compensation qu’a 300 kilométres,
avec un simple appa-
Fig. 40. — Arbres antennes, reil & galéne. La prise
de terre est remplacée,
en pareil cas, par un contrepoids ou compensateur, fil isolé
reposant sur le sol, autour de l'arbre.

Fig. 9: Poplar trees as receiving antennas for radio waves (from: COUSTET and WEISS 1924: 64)

Biological effects of radiowaves

Around 1950 Brauer, Harte and Kiepenheuer examined the biological effects of meter waves
(wavelength 1.5 m) on plants at the Institute for Forest Botany at the University of Freiburg. The
results are of tremendous importance but little known. Investigations of the growth by division in
the Broad Bean (Vicia faba) showed that extremely weak field strength significantly increases the
division frequency whereas higher field strength reduces the division frequency. There was no
temperature increase, so that an athermal cell physiological effect had been found under weakest
field strengths (BRAUER 1950, Kiepenheuer et al. 1949).

Studies on the effect on meiosis in pollen mother cells of the evening primrose (Oenothera) showed
that meter waves at low field strength (1.5 V/m) and a short exposure time (15 min) represent a
strong mutation trigger: "On the whole, in 220 analyzable cells 29 certain chromosomal mutations
were found. (...) The detection of the mutagenic effect of VHF is of special theoretical importance
for the mutation research because this radiation with its low quantum energy has effects which
cannot be explained by strand breaks. The mutagenic effect of VHF is also of considerable
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importance because this radiation occurs in nature temporarily in strengths where induction of
mutations have to be expected. Considering the great expansion of VHF for radio and television
broadcasting the practical relevance of these results is that one has to reckon with severe damage of
plants around transmitters. About the actual occurence there are already observations of so-called
VHF-forest aisles near directional antennas and of dying plants near TV-transmitters." (HARTE
1950; translated from German).

In 1972 Harte published as a professor at the Institute of Developmental Physiology, University of
Cologne, the results of field research in cooperation with the NDR (North German Broadcasting):
Induction of chromosome mutations by radiowaves in PMZ of Oenothera. Inflorescences of
Oenothera with young flower buds were irradiated with radiowaves. One series of experiments was
done with short treatments (1h, 4h, and 12 h) of A=1.50 m; another serie with treatment of the plants
during the whole vegetation period. In pollen-mother-cells in diakinesis a great number of
chromosomal mutants, fragmentations as well as recombinations, were found. The results were in
agreement with earlier experiments on the mutagenic action of short radiowaves. The mutagenic
effects occured upon application of a relatively low field strength (HARTE 1972).

Tree damage by radiofrequency electromagnetic fields

In 1981, severe forest damage arose, especially on mountain ridges and often far away from sources
of pollution affecting fir, spruce, pine and beech trees simultaneously within a short time. Forest
botanists as well as electrical and telecommunications engineers with knowledge about
electrophysiology searched for the cause.

In 1983, Engineer K. Ermer, Bayreuth, fenced damaged, brown-coloured spruce trees with a wire
mesh. Afterwards the spruce trees greened again (BERNATZKY 1994, ERMER 1989,
PLATTHAUS1985).

Dipl.-Ing. H. Hommel, Fraunhofer Institute ICT, Pfinztal, published measurements of field strength
in the altitudes and carried out measurements of the electrical conductivity of fir needles. From the
observed changes in the conductivity as a function of frequency, field strength and the seasons, he
drew conclusions about the electric action on membranes (HOMMEL and KAS 1985, HOMMEL
1985, 1986 a, b).

At the Symposium “New hypotheses on causes* (“Neue Ursachen-Hypothesen™), organized by the
Federal Environment Agency (Umweltbundesamt) in 1985, he demanded insistently measurements
of the field strength distribution in areas of forest damage, investigations about the change of the
conductivity on conifers throughout the year and research on the effects of radio frequency
electromagnetic fields on plant metabolism.

In 1988 and 1989 Dr.-Ing. W. Volkrodt, electrical engineer and physicist, documented the forest
damage at 32 locations near directional radio, radar, radio and television transmitters. His poster at
the “International Congress on Forest Damage Research”, Friedrichshafen, in1989 (“Internationaler
Kongress Waldschadensforschung”), showed the devastating consequences at Ochsenkopf and
Schneeberg (Fichtelgebirge), Wurmberg (Harz) and Wasserkuppe (Rhon) as well as the dense
network of microwave radio links in Bavaria (VOLKRODT 1987, 1991).

Looking for the causes of forest death (“Waldsterben™), Prof. Dr. W. Koch, Chair of Forest Botany
of the University of Munich, carried out a long-term experiment (1985-1988) "comparing clean air/
site air at spruce" in the anterior Bavarian Forest (KOCH 1989). He could not recognize any
difference between the branches that had been exposed to clean air and those prone to air of the
natural site. From his observations, he concluded that other causes than air pollution have to play a
role.

Nevertheless, Dr. Riesenhuber, Minister for Research and Technology, refused investigations in a
letter to Dr.-Ing. Volkrodt dated 28 February 1990: "Even after your latest letter the Federal
Minister for Research and Technology does not see any reason to launch a large-scale research
program on the effects of non-ionizing radiation on our forests" (RIESENHUBER 1990; translated
from German).
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Dipl. hort. Dr. phil. nat. Aloys Bernatzky, garden architect, expert on tree care and nature
conservation, a pioneer of urban ecology, observed and documented crown damage occurring on the
side facing the antennas, disturbances of growth of conifers above the roof ridge as well as the
coexistence of exposed, damaged and shielded, healthy trees (BERNATZKY 1986). In the reference
book “Dendrology and Tree care” (“Baumkunde und Baumpflege”) he published 1994 the current
research reports, observations of Ermer and the following diagram (Fig. 10) (BERNATZKY 1994).

Abbildung 172: Baumschiiden durch elekiromagnetische Wellen. Biiume vor dem Haus sterben ab,
da sie von den EM-Wellen des Senders (rechts) getroffen werden. Im Schatien des Hauses wach-
sen sie ungestort; jedoch dar(iber hinauswachsende Aste sterben dort ab, wo die Schutzwirkung
des Huauses aufhort (Zeichnung: Bernatzky)

Fig. 10: Tree damage by electromagnetic waves. Trees in front of the house die, because they are hit
from the electromagnetic waves of the transmitter (on the right). In the shadow of the house they
grow undisturbed.; but branches, which grow higher than the building, die where the protective
effect of the house ends (from BERNATZKY 1994: 216)

Balodis et al. proved in 1996 that the growth of pines was inhibited after the Skrunda radar station
had begun to operate in 1970: At 29 sites the growth of the trees was analyzed retrospectively for
the period 1959 until 1988 on the basis of the annual growth rings. The annual growth of the pines
was reduced in all exposed areas (BALODIS et al. 1996, KALNINS et al. 1996).

Selga found radiation-related cellular dysfunction around the Skrunda radar station and nonspecific
stress reactions, which led among other to accelerated resin production and accelerated aging of the
pines (SELGA and SELGA 1996).

Lerchl et al. (Universities of Wuppertal and Karlsruhe) examined one-year old seedlings of three
conifer species (total number 451). In the period October 1999 to May 2000 (222 days), the plants
were exposed to a frequency of 383 MHz (pulsed; in accordance with the TETRA signal). As a
result, growth acceleration as well as lowering of the ratio of chlorophyll a / b was observed in
Pinus pumila. In all three conifer species, the number of dead plants has significantly increased in
the exposed groups (Lerchl et al. 2000).

In the discussion it says: "Despite marginally altered growth due to exposure, the physiology of
exposed conifers seems to be negatively influenced by exposure to EMF at 383 MHz, causing a
decline in the photosynthetic system which may be the first indication of a decline in the plant's
overall status.” Until now the complete study with all results has not been published, contrary to the
announcement from 9 January 2007 (LERCHL 2007). Only an abstract is available (LERCHL et al.
2000).
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Table 3: Numbers of dead plants after exposure
for 222 days. *. p<0.05 ()*-test)

Species Control Exposed
Pinus pumila 6.0 % 20.4% *
Abies ;’:iim 17.9% 38.4% *
{bies grandis 6.7% 16.3% *

Tab. 2: Number of dead plants after 222 days of exposure (LERCHL et al. 2000)

On 4 and 5 October 1999 the World Health Organisation (WHO), the International Commission on
Non-Ionizing Radiation Protection (ICNIRP) and the German Federal Office for Radiation
Protection (BfS) held an international seminar on the topic "Effects of Electromagnetic Fields on
the Living Environment" in Ismaning. In the introduction M. H. Repacholi, International EMF
Project of the WHO, said:

“By comparison, influences of these fields on plants, animals, birds and other living organisms have
not been properly examined. Given that any adverse impacts on the environment will ultimately
affect human life, it is difficult to understand why more work has not been done. There are many
questions that need to be raised: ...” and “...it seems that research should focus on the long-term,
low level EMF exposure for which almost no information is available. Specific topics that need to
be addressed include: ... EMF influences on agricultural plants and trees” (MATTHES et al. 2000).
However, the German Federal Office for Radiation Protection (BfS) initiated no scientific research
on long-term effects of low EMF exposure on plants later on. The behaviour of the BfS is contrary
to the WHO request of October 1999 and it is contrary to the precautionary principle (BREUNIG
2013).

Balmori observed alterations in trees in the vicinity of mobile phone base stations in Valladolid,
Spain, from the year 2000 on (BALMORI 2003).

Exposure tests

Roux et al. detected in numerous experiments in exposure chambers (900 MHz) RF-EMF
influencing concentrations of various proteins in tomato plants (ROUX et al. 2006, 2008). Sharma
et al. found an influence on germination and growth of mung bean exposed to RF (900 MHz). In
addition, they prove changes in enzyme activities (SHARMA et al. 2010).

Haggerty examined seedlings of aspens. In shielded plants, the shoot length increased by 74 %, the
leaf surfaces by 60 % in comparison to sham-shielded plants. Number of leaves was identical. The
leaves of the shielded plants developed no necrosis and showed autumnal colouring as well as
forming of anthocyans. The leaves of the exposed plants showed numerous leaf necroses and
neither normal autumnal colouring nor anthocyan development (HAGGERTY 2010).

Statements of the German Federal Office for Radiation Protection (BfS)

Research results on plant damage caused by radiofrequency radiation, summarised in this literature
review, were not taken into account for establishing the current limit values. In fact, the research
data justify scientifical questioning of the existing legal threshold values and their protectiveness
against harmful effects of radiofrequency electromagnetic fields on plants.

In view of these facts and although suspicious tree damages had been documented around numerous
mobile phone base stations, the BfS drew on 18 October 2008 the following conclusion: "Under the
current conditions electromagnetic fields represent no apparent risk of damage for forest trees"
(BFS 2008, ranslated from German).

In March 2010, the Bavarian State Government and the German Federal Government received a
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documentary about tree damage at 70 mobile phone base stations in the city and county of Bamberg
from the the Physician initiative Bamberg Appeal (ARZTEINITIATIVE BAMBERGER APPELL
2010). Members of the Bavarian Parliament placed inquiries (RINDERSPACHER 2009, FAHN
2011).

On 1 July 2011, the BfS added to its statement some scientific publications and concluded with the
following evaluation: "Although it is possible that plants respond physiologically to electromagnetic
fields in the range of threshold values, harmful effects are not to be expected" (BFS 2011, translated
from German). Following the publication of a letter to the Bamberg City Council in June 2012
(ARZTE-INITIATIVE BAMBERGER APPELL 2012) the Physician initiative received reports
about tree damage from different parts of Germany (i.a. Hildesheim, see ANONYM 2012). On 9
August 2012 the BfS added: "Only if such observations accumulate strikingly and if no other
plausible explanation is present, a possible connection with electromagnetic fields should be
verified scientifically " (BFS 2012, translated from German).

Conclusion

Observations, that trees develop damage in the electromagnetic field of mobile phone base stations,
accumulate. Often, commonly recognized factors cannot explain the damage patterns. Therefore,
the immediate scientific investigation of trees in the radiation field of mobile phone base stations as
well as the evaluation of aerial photographs is necessary. At the same time exposure tests using
young trees have to be carried out. Already in October 1999, WHO clearly stated that scientific
studies on effects of low EMF exposure on animals and plants are urgently needed (MATTHES et
al. 2000).

My thanks go to Mr. and Mrs. Grimm (for introduction to the tree observation), G. Ostermaier (for
maintenance of the measuring instruments), Dipl.-Ing. F. Mayerhofer and R. Strohla (for valuable
sources), Dr.-Ing. V. Schorpp (for his presentation at the BfS in August 2006) and E. Weber (for
presenting her tree documentation at the BfS in June 2008).

Note:
C. Waldmann-Selsam was in charge of perfomance, script and image documentation.
H. Eger provided comments and literature.

Dr. med. Cornelia Waldmann-Selsam (Corresponding author)
Karl-May-Str. 48, 96049 Bamberg, Germany,  Tel.: +49 951 12300
E-mail address: dr.waldmannselsam@googlemail.com
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