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Liquid cultures of Chlorella kessleri, Scenedesmus armatus and Chlamydomonas reinhardtii
have been grown phototrophically in weak (0.2—2 G) alternating (7.8 Hz) magnetic fields. The
data indicate, that the rate of cell division is larger at 0.2 than at 2 G, viz. that the higher fields
have inhibitory effects on cell division and that there is possibly an optimum at =1 G. No reli-

able effect is found on the pigment contents.

Introduction

Static and low frequency alternating (electro)-
magnetic fields are components of the natural, but
increasingly also of the man-made environment.
Biological effects of such fields have mostly been
studied with animals with a focus on sensory and
on possibly harmful effects [1-4]. Work with
plants is still comparably rare [S—11].

There are wide local and temporal fluctuations
in the strength, direction and spectrum of elec-
tromagnetic fields, but few are universal. One such
field is the so-called Schumann resonance, a stand-
ing electromagnetic wave between the surface of
the earth and higher strata of the atmosphere [12—
13]. The ground-mode of this global electromag-
netic field has a frequency of 7.8 Hz and it is fed by
processes of strong ionization on the surface of the
earth (e.g. thunderstorms) and ionizations, which
result from interactions of high energy particles
from outer space with the upper atmosphere and
the earth’s magnetic field.

We have recently begun to study magnetic field
effects on plant and algal growth and develop-
ment, and concentrated on some characteristic fre-
quencies. Here we wish to report results which in-
dicate, that alternating magnetic fields with a fre-
quency of the Schumann ground-mode, 7.8 Hz,

Abbreviations: Chl a, b, chlorophyll a and b, rsp; Car,
carotenoids; HPLC, high performance liquid chroma-
tography.
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and strengths <2 G show inhibitory effects on the
growth of several freshwater green algae.

Materials and Methods
Algae

Chlorella kessleri (Fott et Novaka, 211-11h),
Scenedesmus armatus (Chodat, 276-4c) and Chla-
mydomonas reinhardtii (Dangeard, 11-32b), were
obtained from the “Algenbank der Universitat
Gottingen”. Stock cultures were cultivated in
liquid medium (after [14] for Chlorella and Scene-
desmus, TAP medium after [15] for Chlamydomo-
nas) under the light (2500 lux) of fluorescent tubes
(Osram L36 W/25 and Phillips TLD L36 W/25).
No attempts were made for synchronization.

Experimental set-up

Prior to the experiment proper, freshly inoculat-
ed algae were grown in 21 flasks for 7—10 days.
50 ml of this preculture, which was still in the log
phase, was then diluted 1:10 into fresh medium,
and aliquots transferred immediately into 10 (8 in
one experiment) sterile test tubes (18 x 1.8 cm),
which were plugged with sterile cotton wool. The
cell densities, which were identical within the sta-
tistical error limits of the counting procedure
(standard deviation 4.5%), were in the range of
0.3—-3 x 10° cells/ml for Chlorella, 0.8 x 105 cells/
ml for Scenedesmus and 0.56 x 105 cells/ml for
Chlamydomonas (Table I). These culture tubes
were arranged along the symmetry plane of 2 rec-
tangular Helmholtz coils (6 x 20 cm), which were
positioned in a V-shaped geometry (Fig. 1). The
latter produced a roughly linear magnetic field
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Table 1. Cell division rates during the individual experiments. The
cell division rates (k[d '] £+ standard deviation) for each individual
tube were averaged over the 5 day growth period. Experiments 1-6
were done with Chlorella kessleri, experiment 7 with Scenedesmus
quadricauda, and experiment 8 with Chlamydomonas quadricauda.
The field strengths (B) are given on the left. For each individual ex-
periment, the relation of cell division rates to the magnetic field
strength were fit by a straight line. The fit parameters and the cor-
relation coefficients are given together with the cell densities on
day 1 at the bottom. A graphical evaluation of one sample experi-
ment is shown in Fig. 2.

B Experiment No.

[G] 1 2 3 4

0.2 0.51 = 0.19 0.33+0.15 0.59=x0.12 2.61 £0.55
0.4 0.57 £ 0.21 0.25+0.14  0.51 =0.08 2.61 £ 0.58
0.6 0.53 £ 0.16 0.19+0.07 0.60=*0.14 245+ 033
0.8 0.64 = 0.18 0.32+0.16 0.62+0.06 2.56 = 0.55
1.0 0.49 £ 0.11 0.33+£0.08 0.77x0.09 2.40 £+ 0.53
1.2 0.48 = 0.12 0.31+0.14 0.62x0.10 272+ 041
1.4 0.46 £ 0.10 0.18+0.07 045=x0.10 239 +0.52
1.6 0.50 = 0.09 0.25+0.11 0.53£0.13 2.25 + 0.64
1.8 0.54 £ 0.10 0.23 £ 0.05 0.51+£0.16 2.03 = 0.56
2.0 0.59 = 0.08 0.18+£0.07 043£0.13 1.97 £ 0.63
N,! 1.4 £0.04 1.1 +0.07 1.1 £0.07 27 *=0.12
a? —0.004 —0.011 -0.015 —-0.067

b3 0.512 0.211 0.494 2.097
-0.125 —0.381 -0.28 -0.758

B Experiment No.

[G] 5 6 7 8

0.2 0.30 £ 0.07 0.96 £0.17 042=*0.13 2.09 = 0.42
0.4 0.36 = 0.08 1.16 £0.19 0.33£0.09 2.15+ 042
0.6 0.44 = 0.08 0.99 +0.26 0.60 £0.15 1.96 = 0.50
0.8 0.30 = 0.05 1.11 £030 0.74+£0.16 2.06 + 0.43
1.0 0.30 = 0.09 0.97+0.29 0.52+£0.15 1.89 £ 0.42
1.2 0.36 = 0.05 1.06 029 0.62+0.13 2.05+0.22
1.4 0.38 £ 0.09 0.85+0.27 0.28 £0.08 1.66 = 0.36
1.6 0.35 £ 0.07 0.81 £0.19 0.35+0.13 1.59 = 0.42
1.8 0.30 £ 0.06 0.82+0.19 0.35*0.12 1.40 £ 0.36
2.0 0.26 = 0.07 0.74 £0.28 0.37x0.10 1.33 £ 0.42
N,! 3.0 £0.05 0.3 £0.01 0.5 £0.04 0.03 = 0.82
a? —0.006 —-0.036 -0.018 —-0.011

b? 0.31 0.789 0.382 1.412

r —0.491 —0.55 -0.294 -0.39
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Cell densities (cells x ml~!) x 107° at the be-
ginning of the experiment after dilution of
stock culture. Aliquots of the suspension
were divided into the test tubes, and each
tube counted individually. The standard
deviations represent the variation of cell
densities on day 1.

a and b are the factor and the constant of
the linear regression graphy = ax + b.

r is the linear correlation coefficient.

gradient from 0.2 to 2 G in the experimental area.
Cultures and coils were placed in a water bath and
thermostated at 23 °C. They were irradiated by
one fluorescent tube (Osram L 36 W/25) and 8 in-
candescent lamps (Osram, 75 W each) to produce
a (nominal) light flux of 2500 lux. The local sinu-
soidal magnetic field strength was determined by a

home built portable semiconductor Hall detector.
The alternating current for the coils was generated
by a home built multifunctional digital generator
and amplified by a hybrid power amplifier. No
provisions were made to shield the local magnetic
field of the earth (about 0.65 G) and other envi-
ronmental fields (=0.1 G), which provided a com-
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mon background to the applied magnetic fields.
Cells were agitated once per day before sampling.
Sedimentation was not observed in the intervening
time span. The tubes were not aerated or supple-
mented with CO,. The run time of each single ex-
periment (of a total of 8 with 3 different algae) was
5 days. The following parameters were recorded
daily:

1. Cell density (cells/ml) was determined by re-
moving | ml aliquots under sterile conditions, and
counting under the microscope. Values given are
averages of 10 independent determinations (1 pl
each).

2. In a total of 4 experiments, the pigment com-
position was additionally determined by HPLC.
The system consisted of a Gynkotek pump (model
300 C) and a 5 p RP 18 column (0.46 x 25 cm, All-
tech-RSL, elution with 90% methanol/10% water,
flow rate 1.5 ml/min). The detection was done with
a UV-VIS NIR diode array detector (Hewlett-
Packard, HP8451 A) set to the wavelengths of
360, 410, 436, 460, 470, 500, 640 and 660 nm, and
controlled by a home-written program.

Data evaluation was done with Supercalc 5
(Computer Associates).

Results

Electromagnetic fields of frequencies as low as
7.8 Hz can not be generated easily in the laborato-
ry. In the current work, the magnetic component
was generated by two Helmholtz coils. The latter
were arranged such that a series of test tubes could
be exposed to fields in the range of H,, < 2G
(Fig. 1). This arrangement allowed for the simulta-
neous growth of up to 10 cultures within a field
gradient. It has the advantage, that temporal vari-
ations of environmental parameters, which may
otherwise perturb the data, are equally experi-
enced by all samples.

The average cell multiplication rate was 1.13 d™!
(relative units, o = 0.14) for Chlorella and Scene-
desmus and 2.53d"! (¢ = 0.22) for Chlamydomo-
nas, the absolute cell densities at the beginning of
the actual experiment (after transfer to the field
chamber) were in the range of 0.3—3 x 10° cells/ml
for Chlorella, 0.8 x 10° cells/ml for Chlamydomo-
nas and 0.56 x 10° cells/ml for the much larger
Scenedesmus.
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Fig. 1. Scheme of the V-shaped arrangement of the
2 Helmbholtz coils (top view). The tubes containing the
algal suspensions are indicated by circles. Coil size =
20 cm x 6 cm.

The growth rates of the different experiments
(as measured by cell division) showed considerable
scatter over the individual tubes (Table I and
Fig. 2). However, most of the experiments gave a
common trend: The growth in the lower magnetic
field regions appeared consistently higher than in
higher magnetic field regions.
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Fig. 2. Sample growth curve (taken from experiment 5)
to indicate the scatter of individual experiments. The cell
division rates (k[d™'] + standard deviation) for each in-
dividual tube were averaged over the 5 day growth peri-
od. The straight line gives a linear fit for the relation of
the cell division rates to the field strengths. A summary
for all individual experiments, evaluated by the same
method, is given in Table I.
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Fig. 3. Increase in cell density of Chlorella
1 kessleri. Results for each day were first
normalized to the tube with maximum cell
0.7 I density (set to 1) and then averaged over
days 1-5 of each individual experiment,
and finally averaged over all 6 independent
experiments (see also text for details). The
0.6 bars give the standard deviations. A linear
0 1 2 and quadratic fit is superimposed over the
B[Gauss] data.

This trend becomes more pronounced if the
average over all experiments is taken for the sam-
ples grown under the same field strength. Fig. 3
shows these data for the 6 independent experi-
ments conducted with Chlorella. Several fits of the
data were tested. The best linear fit shows a de-
crease by approx. 10% when going from 0.2to 2 G
field strength, which must be compared with a
standard deviation (averaged over the different
field positions) of 0.077. A better fit is obtained by
a quadratic function, which peaks at about 1 G.
However, in the absence of a working hypothesis
this' gives only a mathematical description of the
data, and only a much more detailed analysis can
give a more precise function.

relative yleld of cells

Fig. 4 shows the combined data obtained with
Scenedesmus and Chlamydomonas when treated in
the same way. In this case the averages represent
(normalized) data from 2 experiments with the
2 organisms. The decrease according to the best
linear fit is 25% in the field range investigated (av-
erage standard deviation of 0.064). A quadratic
function peaking at about 0.7 G gives again a
somewhat improved fit. We take the results with
all three organisms as an indication that the
growth of the alga investigated, is effected by the
applied alternating magnetic field.

During four experiments, the chlorophyll con-
tents and the Chl a/b ratios were determined daily
for every culture (group). The data (not shown)

1 Fig. 4. Increase in cell density of Scenedes-
mus armatus and Chlamydomonas rein-
hardtii. Results for each day were first nor-
malized to the tube with maximum cell
density (set to 1), then averaged over days
1-5 of each individual experiment, and

i
1
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0.9 7
]
0.8
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2 finally averaged over the independent ex-
periments (for details see Fig. 3 and text).
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have a very strong scatter due to the small sample
volumes available. Even if sometimes the same
trend as for cell growth is indicated, there is no
obvious correlation possible on this basis.

Discussion

Halpern [16] has studied the growth of Chlorella
and Euglena in weak static magnetic fields. He
gives only data for two ranges of field strengths:
<10 G and >10 G. Algae, which were grown by
exposition in the lower field showed an accelerated
growth in comparison with the cultures exposed to
the higher field. In the experiments presented here,
cell division was consistently less at the highest
magnetic fields used (2 G) than at the lowest fields
(0.2 G). Combined with the results presented here,
these data indicate, that static as well as alternat-
ing weak magnetic fields have inhibitory effects on
the growth of green algae.

The molecular origin for the effects of weak
magnetic fields on living matter are currently still
unclear. The only well established mechanism is
related to the presence of small magnetic particles,
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