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INTRODUCTION
Extremely low frequency (ELF) electromagnetic fields (EMFs) of 50-60 Hz

are produced by almost every electric home appliance as well as by electric power
transmission and distribution lines while various kinds of radiofrequency fields (10
MHz - 300 GHz) are used to transmit information (TV, radio, mobile phones and
satellite communications). Although ELF waves and radiofrequency waves are
lacking energy to break chemical bonds, a wide range of EMF bioeffects were
found including changes in the cell membrane's permeability and interference with
ions and molecules like DNA and proteins [1-2].

Plants are essential components of healthy ecosystem. They are eucaryotic
multicellular organisms sensitive to different kind of stresses. Many of them are
easy to grow in aseptic and controlled laboratory conditions. Therefore they can be
useful test organisms [3]. However, there is still lack of investigations of EMFs
efect on plants.

In this work the effect of extremely low EMFs and radiofrequency EMFs
on growth of duckweed Lemna minor and photosynthesis of green alga Chlorella
kessleri has been investigated. Instrumentation for controlled exposure to EMFs
was designed at the Faculty of Electrical Engineering and Computing, University
of Zagreb.

MATERIAL AND METHODS
Plant material

Unicellular green algae, Chlorella kessleri Fott et Novak, strand LARG/1
were grown in plastic Petri dishes on PRATT's solid nutrient solution with
modifications [4] to the late logarithmic phase when they were exposed to EMFs.
Duckweed Lemna minor L. was maintained under axenic conditions on the
modified Pirson-Seidel's nutrient solution [5]. Experimental cultures were started
by transferring 10 plants with 2-3 fronds to plastic Petri dish (diameter 9 cm), on
the fresh nutrient solution containing 0.8% (w/w) agar. Both, duckweeds and algae
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were grown in controled conditions under 16 hours of light (80 (amol m"2 s"1) and
constant temperature (24 ± 2 °C).

Instrumentation
Magnetic field was created by a Helmholtz coil arrangement (Figure 1A).

Two coils with 100 turns of copper wire each had radius of 0.27 m and were
spaced one radius apart. For powering Helmholtz coils alternating current
transformer was used along with rheostats to control the current through the coils.
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Figure 1. Instrumentation used for exposure to extremely low frequency fields: A)
Magnetic field direction in Helmholtz coil arrangement. Plants were placed at the
centre of coils; B) Electric field direction inside two parallel circular plates. The
plants were inserted in the middle, between the plates.

Electric field was generated inside two parallel circular metal plates (Figure IB).
The plates (diameter 40 cm) used in this experiment were 4 cm apart (d), and
applied voltage was 1000 V (U) generating electric field of 25 kVm"1 (E = U/d).
High voltage autotransformer was used to transform power line voltage of 220 V to
maximum voltage of 1100 V.

For generation of radiofrequency electromagnetic fields, a specially
constructed chamber, Gigahertz Transversal Electromagnetic (GTEM) cell was
used (Figure 2). Besides the GTEM-cell, a signal generator with continuous wave
and an amplifier was also needed.
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Figure 2. Instruments used for the exposure to radiofrequency EMFs.

Experiment
Duckweeds and algae were exposed to a magnetic field of 50 Hz with

density of 1 mT for 24 h, to an electric field of 50 Hz with strength of 25 kV irf'
for 24 hours or to the radiofrequency EMFs of 400 and 900 MHz at field strength
of 23 V m"1 for 2 h. Five plastic Petri dishes were used in each experiment.
Controls were kept in the same growth conditions (room temperature, light) as
treated ones but in field-free environment outside the instrumentation for
generating EMFs.

After exposure duckweed growth was monitored during two weeks by
counting the number of plants on days 0, 3, 5, 8, 10, 12, 14 and expressed as
relative plant number [6]. Results are represented as mean values from ten
replicates and shown as percentages of control. The significance of the results was
evaluated by Duncan Multiple Range Test (P < 0.05).

Photosynthesis rate was evaluated as changes in the amount of oxygen
measured with an oxygen electrode of the Clark type (Oxylab 2, Hansatech) at
temperature of 30 °C and light intensities 30, 60, 90 and 120 umol m"2 s"1 in 1.5 ml
of algae suspension. The results are expressed as mean values of two independent
experiments and shown as percentages of control.

RESULTS
Exposure of duckweeds for 24 h to extremely low frequency magnetic field

of 50 Hz (1 mT) and to electric field of 50 Hz (25 kV m"') slightly reduced the
Lemna minor growth. The magnetic field caused the reduction on 5th, 8th and 10th

day while the electric field reduced the growth from 5th day till the end of the
experiment. However, the growth reduction was not significant (P < 0.05) in
comparison to the control (Figure 3 A). Radiofrequency fields of 400 and 900 MHz
at 23 V m"1 decreased the growth after third day but the observed reduction was
significant (P < 0.05) only for 900 MHz (Figure 3B).
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Figure 3. Relative growth of Lemna minor after 24 h exposure to 50 Hz magnetic
field of 1 mT and electric field of 25 kV m*1 (A) and after 2 h exposure to 400 and
900 MHz radiofrequency field of 23 V m"1 (B). Results are the mean values of ten
replicates ± standard errors expressed as percentage of the control (dashed line).
Significantly different values between exposed plants and control at P < 0.05
according to Duncan Multiple Range Test are marked with (*).
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Figure 4. Photosynthesis rate of Chlorela kessleri after 24 h exposure to 50 Hz
magnetic field of 1 mT and to 50 Hz electric field of 25 kV m'1 (A) and after 2 h
exposure to 400 and 900 MHz radiofrequency field of 23 V m"1 (B). Results are the
mean values of two independent experiments ± standard errors expressed as
percentage of the control (dashed line).

After exposure to magnetic field the photosynthesis rate in Chlorella algae
was increased at all light intensities except at 120 (imol m"2 s'1 in comparison to the
control. The electric field of strength 25 kV m"1 slightly decreased the
photosynthesis rate at all investigated light intensities (Figure 4A).
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The photosynthesis rate of Chlorella kessleri exposed for 2 h to EMF of 400
MHz with strength of 23 V m"1 increased at all light intensities in comparison with
the control while at 900 MHz photosynthesis increased at 30 and 60 p.mol m"2 s"1

(Figure 4B).

CONCLUSION
The fields applied in this work were in order of magnitude as would be

expected from home appliances (magnetic field) as well as those expected just
below high voltage power lines (electric field). Investigated radiofrequency EMFs
(400 and 900 MHz) are similar to frequencies used in mobile communication
systems.

Our results showed that radiofrequency EMF of 400 MHz at 23 Vm~'
significantly affected the growth of Lemna minor. Magnetic field of 50 Hz and
radiofrequency EMFs (400 and 900 MHz) stimulated the photosynthesis of
Chlorella kessleri while 50 Hz electric field decreased it.
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ABSTRACT

Electricity produces extremely low frequency fields (50-60 Hz) while
various kinds of radiofrequency fields (10 MHz-300 GHz) are used to transmit
information (TV, radio, mobile phones and satellite communications). Duckweed
(Lemna minor) and green algae {Chlorella kessleri) were exposed to the magnetic
field of 50 Hz in a Helmholtz coil, to an electric field of 50 Hz between two
parallel circle electrodes, and to electromagnetic fields of 400 and 900 MHz in a
Gigahertz Transversal Electromagnetic Mode cell. The relative growth of Lemna
minor exposed to extremely low frequency alternating magnetic field of 50 Hz (1
mT) for 24 hours was slightly reduced at the beginning of the experiment while a
50 Hz electric field (25 kV/m) slightly reduced its growth during the second week
of the experiment. Radiofrequencies of 400 and 900 MHz (23 V/m) applied for two
hours decreased the duckweed growth after the third day, but only 900 MHz
affected it significantly. The rate of photosynthesis in green algae increased after
exposure to the magnetic field of 50 Hz, but decreased after exposure to the electric
field of 50 Hz. Radiofrequencies of 400 and 900 MHz generally increased its rate
of photosynthesis.
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