
SUMMARY

Ultrasonography was used to measure different
ocular parameters in chick embryos exposed to
low-frequency (50Hz) magnetic fields with flow
intensities of 1 µT, 0.1 mT, 0.5 mT, or 1 mT
throughout their incubation. In comparison with
unexposed control embryos, a significant reduc-
tion was observed in corneal thickness and in
the anteroposterior diameter of the lens at 21
days of incubation (hatching) during exposure to
the highest intensities (0.5 mT and 1 mT). By con-
trast, there was an increase in the antero p o s t e r i o r
diameter of the anterior eye chamber in embryos
exposed to the lower magnetic field intensities (1
µT and 0.1 mT). The anteroposterior diameter of
the eye was smaller at 21 days of incubation in all
the embryos exposed to magnetic fields as com-
p a red with the controls. The antero p o s t e r i o r
diameter of the lens was significantly smaller in
embryos exposed to intensities of 0.5 mT and 1
mT in comparison with the contro l s .
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INTRODUCTION

Increased electrification in modern societies has
immersed the individual in a veritable pollution
of electromagnetic waves, both in the general
environment and at work.

The low-frequency magnetic fields to which
humans are frequently exposed have always
been considered to pose no health risks, but
concerns are now growing that these fields act
as promoters or co-promoters of alterations in
the organism. Indeed, recently this issue has
received wide coverage in the mass media. Many
epidemiological and experimental studies have
been published on the carcinogenic action of
magnetic fields, above all regarding children liv-
ing near high-voltage power lines (Olsen et al.,
1994; Knave, 1994; Feychting et al., 1995; Kraut
et al., 1996; Tynes et al., 1997; Michaelis et al.,
1998; Ly et al., 1998; etc.), office personnel (Juu-
tilainen et al., 1993), and people working with
devices that emit electromagnetic waves, such as
train-drivers (Floderus et al., 1994; Alfredsson et
al., 1996; etc.) and electric utility workers (Theri-
ault et al., 1994; Armstrong et al., 1994; Miller et
al., 1996; Guenel et al., 1996).

Some epidemiological and experimental
researchers have proposed that magnetic fields
are harmful to health, whereas others have failed
to find any association between magnetic fields
and biological aggression, or at least none of suf-
ficient significance for the authors to take a posi-
tion on the question (Myers et al., 1990; Verkasa-
lo et al., 1993; Preston Martin et al., 1996;
Petridou et al., 1997; Kheifets et al., 1999; Fey-
chting et al., 2000).

Regarding the action of magnetic fields on the
eye, in 1980 Strzhizhovskii et al. reported that
one hour of exposure to a magnetic field inhib-
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ited the mitotic activity of the corneal epithelium
in rats, and that activity was recovered when the
exposure ended.

Workers exposed to magnetic fields ranging
from 112 to 190 Gauss, depending on their place
of work, were examined daily in an epidemio-
logical study and were found to suffer from gen-
eral weakness, abdominal pains, thirst, and con-
junctivitis (Lankosz et al., 1983).

In 1985, Skrinnik showed that pulsed mag-
netic fields of 8.5 mT and 50 Hz, with a squared
pulse length of 0.02 seconds, caused increased
corneal permeability. In contrast, Kues et al.
(1999) observed no ocular alterations in rabbits
or primates after exposure to 10mW/cm2 from a
60 GHz source. However, magnetic fields of
extremely low frequency (1 Hz) has been shown
to induce a reduction in human visual cortex
excitability (Boroojerdi et al., 2000).

The confusion created by these conflicting
data prompted us to conduct an experimental
study on the action of magnetic fields on the
embryonic development of the eye.

MATERIAL AND METHODS

We used fertilized eggs of Gallus domesticus
(White Leghorn variety) in view of their short
embryonic period and their self-sufficiency in
development, thus avoiding possible maternal
interactions.

Fertilized eggs were incubated at a tempera-
ture of 37.8 ± 0.4º C and a relative humidity of
60-70% in a model 65 Masalles incubator
equipped with forced ventilation and automatic
voltage (1 volt/h). Half of the incubator (occu-
pied by the eggs) was placed centrally between
two Helmholtz coils in parallel, separated by a
distance equal to their radius (70 cm), so that the
trays containing the incubating eggs would
receive a uniform magnetic field.

We used 400 fertilized eggs, subdivided into
five groups of 80 eggs each. Four groups were
exposed to 50 Hz magnetic fields of 1 µT, 0.1
mT, 0.5 mT, or 1 mT, respectively. The fifth
group was incubated separately and formed the
control group.

Two extractions were performed in each
experimental group at 15 days of incubation and
at 21 days (hatching). The choice of day 15 was
based on our previous experience that the
impact of a teratogenic element can be best
observed after this period of development. Day
21 was selected because the hatched chick
reveals the final result of any possible terato-
genic action. On each extraction day, approxi-
mately 20 randomly selected eggs were studied
from each group.

After the extractions had been performed, we
used a 15-500 A/B Scan Humdex ultrasound

apparatus to study the anteroposterior diameters
of the cornea, anterior chamber, lens, and the
whole eye.

Because of the volume occupied by the sam-
ples, we used two Heltmholtz coils, arranged as
described above. Each coil had a diameter of
1.40m, with 500 turns of 2 mm diameter copper
wire, a resistance of 12Ω, and self-induction of
0.6 H.

Because the intensity of magnetic fields is
directly proportional to current intensity, a high
voltage was necessary; this was supplied by inte-
grating the coils in a second-order RLC electric
circuit in series, incorporating a bank of con-
densers. The magnetic fields were measured
with two digital Teslameters: Phywe model
13610.93 and Chauvin-Arnoux model C.A 40.

RESULTS

Anteroposterior diameter of the cornea (Table 1)
The anteroposterior diameter (thickness) of the
cornea of exposed embryos showed no signifi-
cant differences versus the controls at 15 days of
incubation. However, at 21 days, embryos
exposed to fields of higher intensity (0.5mT and
1mT) showed a smaller corneal thickness than
the controls (p<0.01), whereas embryos exposed
to 1µT and 0.1mT showed no differences in this
measurement.

Anteroposterior diameter of the anterior chamber
(Table 2)

This parameter re p resents the distance
between the posterior surface of the cornea and
the anterior surface of the lens, and was affected
differently according to the intensity of magnetic
field and the day of development studied. At 15
days of development, embryos exposed to mag-
netic fields of 0.1mT or 1mT showed a signifi-
cant increase in this parameter versus the con-
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Table 1. - Anteroposterior diameter of the cornea (mm).

Day 15 of incubation Day 21 (Hatching)

Controls 1.1286±0.1309 1.2000±0.0000
(N=21) (N=17)

Treated with 1µT 1.2000±0.09733 1.1714±0.09024
(N=20) n.s. (N=21) n.s.

Treated with 0.1mT 1.0650±0.1531 1.1571±0.1134
(N=20) n.s. (N=7) n.s.

Treated with 0.5mT 1.0833±0.1823 1.0773±0.1510
(N=18) n.s. (N=22) P<0.01

Treated with 1mT 1.1550±0.1468 1.0950±0.1468
(N=20) n.s. (N=20) P<0.01

All values are means ± SD. N, number of sample; n.s., not signifi-
cant.



trols (p<0.001 and p<0.05, respectively), where-
as those exposed to fields of 0.5mT or 1µT
showed no significant differences. At 21 days,
this measurement was increased versus controls
in the embryos exposed to fields of 1µT, 0.1mT
(p<0.001) and 1mT (p<0.05), but not in those
exposed to 0.5mT.

Anteroposterior diameter of the lens (Table 3)
At 15 days of incubation, this parameter only

showed significant differences from the controls
in embryos exposed to 0.5mT (p<0.05). Howev-
er, at 21 days, the embryos exposed to fields of
0.5mT or 1mT had a smaller anteroposterior lens
diameter as compared with the controls (p<0.05
and p<0.001, respectively).

Anteroposterior diameter of the eye (Table 4)
This parameter represents the distance from

the anterior surface of the cornea to the retina.
Although at 15 days of incubation there were no

significant differences between the exposed and
unexposed embryos, at 21 days the embryos
exposed to 1µT and 0.5mT showed significant
reductions in this measurement (p<0.05 and
p<0.01, respectively) as compared with the con-
trols.

DISCUSSION

We observed a reduction in corneal thickness
and the anteroposterior diameter of the lens in
chick embryos exposed to magnetic fields
throughout their development (21 days). This
reduction was statistically significant in embryos
exposed to the highest intensities (0.5 mT and 1
mT) as compared with controls. By contrast, the
anteroposterior diameter of the anterior chamber
was increased with the lower intensities (1µT,
0.1mT), both at 15 and 21 days of incubation.
The anteroposterior diameter of the eye was
smaller in all the embryos exposed to magnetic
fields after 21 days in comparison with the unex-
posed embryos.

On the basis of the present data, we propose
that magnetic fields can affect the morphology of
the eye, although much research remains to be
done before definitive conclusions can be
drawn. To date, we have been unable to find
any study in the literature with which to com-
pare our findings.
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