Bioelectromagnetics 18:514-523 (1997)
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The effects of continuous exposure of embryos and young chickens to electromagnetic fields (EMFs)
emitted by video display units (VDUs) were investigated. Embryos and brood were continuously
exposed during embryonic and postembryonic phases to EMFs emitted by two types of VDU (TV
or computer). Embryonic mortality was evaluated in three independent experiments. Young chickens
were immunized three times by porcine thyroglobulin (Tg). Blood samples were assayed after each
immunization for specific anti-Tg antibodies (IgG), plasma corticosterone (CORT), and plasma mela-
tonin (MLT). In the sham-exposed samples, embryonic death (10-33%) was restricted to the perinatal
period and the IgG, CORT, and MLT responses of young chickens crested after the second immuniza-
tion. Constant EMF exposure was accompanied by significantly increased fetal loss (47—68%) and
markedly depressed levels of circulating anti-Tg IgG, CORT, and MLT. Collectively, these findings
indicate that continuous exposure to EMFs, issuing from VDUs, adversely affects embryos and young
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INTRODUCTION

During the past half century, the proliferation of
electric appliances, communication systems that now
blanket the earth, and a vast and ever-increasing net-
work of electric power distribution systems have gener-
ated an exponential growth of EMFs. Non-ionizing
EMFs, especially the extremely low frequencies (ELF),
are generally believed to be innocuous to human health,
due to their low-level energy deposition, the magnitude
of which is well below the metabolic rate of the human
body [Adey, 1981]. Recently, reports suggesting a pos-
sible link between ELF exposure and increased health
risks in areas such as cancer [Savitz et al., 1990;
Feychting et al., 1995], miscarriage [Wertheimer and
Leeper, 1989; Infante-Rivard, 1995], and suicide or
emotional depression [Poole et al., 1993; Savitz et al.,
1994] have served to focus scientific interest, as well as
raise public concern. Despite inconsistencies in reports,
different animal studies have indicated that ELF field
exposure affects embryonic development [Delgado et
al., 1982; Ubeda et al., 1983; 1994; Berman et al.,
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1990; Martin, 1992], the immune system [Cadossi et
al., 1992; Walleczek, 1992], or neuroendocrine func-
tions [Oroza et al., 1987; Reiter, 1993]. However, in
most laboratory studies, the physical systems generate
EMFs different from those of household appliances,
which are, for the population in general, the most com-
mon sources of ELF fields. Furthermore, most reports
about associations between the use of video display
units (VDUs) and the occurrence of diseases result
from epidemiological studies [Goldhaber et al., 1988;
Kavet and Tell, 1991; Schnorr et al., 1991; Lindbohm
etal., 1992]. In the following study, we tested the effect
of EMFs produced by two devices in residential and
occupational use (TV or computer) on embryonic mor-
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tality, as well as immune, adrenal, and pineal functions
in chickens.

MATERIALS AND METHODS

Exposure System

The source of EMFs was either a TV set (Thomp-
son, D 55 cm, 55M x P83, 75 Watts/50 Hertz) or desk
computer (Goupil G5 286 10, 220 V, 50 Hz). Most
TVs and computers are the cathode ray tube type; there-
fore, they give off the same assortment of electromag-
netic radiation, which includes radio waves, infrared
radiation (heat), visible light, ultraviolet light, micro-
waves, X-rays, and very low frequency (VLF) and ex-
tremely low frequency (ELF) radiation [Stuchly et al.,
1983; Paulsson, 1987; Kavet and Tell, 1991; Tofani
and D’Armore, 1991]. The radio wave emission is re-
duced in accordance with international manufacturing
standards. The infrared radiation in the form of heat is
not a health hazard and the visible light is also harm-
less. The levels of ultraviolet light are less than indoor
fluorescent lights or outdoor sunlight, and the amount
of microwaves is almost undetectable. Strict interna-
tional guidelines have reduced the level of X-rays be-
low what is naturally present in the environment.

It is the ELF and VLF fields and especially their
magnetic component that now raise concern. The cath-
ode ray tube is coated on the inside with phosphor,
which when hit by an electron beam is excited and
yields a full screen image. In TV and computers, ELF
and VLF fields are pulsed EMFs produced by two sets
of deflection coils that control the movement of the
electron beam as it sweeps across the screen. The ELF
radiation (50—80 Hz and their harmonics) comes from
the vertical deflection coils, which push the electron
beam from the bottom to the top line. The horizontal
deflection coils generate VLF (15-80 kHz and their
harmonics) and push the electron beam in the hori-
zontal plane. Safe Professional VLF and ELF meters
(Safe Technologies Corporation, North Miami Beach,
Florida, USA) were used to measure the intensity of
the VLF and ELF fields, respectively. The data are
reported in Table 1.

Antigen Preparation

Porcine thyroglobulin (Tg) (Sigma Chemical Co.,
St. Louis, MO, USA) was injected subcutaneously. The
dose of porcine Tg to be inoculated was determined in
a preliminary experiment and fixed to 125 pg/100 g
body weight. Before immunization, porcine Tg was
dissolved in saline (750 pwg/ml) and mixed (v/v) with
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complete (first immunization) or incomplete (second
and third immunizations) Freund adjuvant.

Experimental Design

Three independent experiments were carried out
from 1993 to 1996. The TV or computer screen was
covered with a black plastic bag to avoid exposure to
visible spectrum. Figure 1 shows the scheme of the
exposure design.

Experiment 1 This experiment was performed in
spring of 1993 (May—June). The exposure device com-
prised two identical TV sets, one in the incubation
room and the other one in the henhouse for the expo-
sure of the eggs and chickens, respectively. In the incu-
bation room (3 X 2 x 1.5 m), the eggs were placed
0.5-0.8 m in front of the TV set for the entire embry-
onic period (21 days). Two groups of 30 eggs each,
from the Blache JA strain (Couvoir des Cévennes, Léde-
non, France), were successively incubated in front of
the same TV set: control or sham-exposed eggs (C) in
front of the switched-off TV; exposed eggs (E) in front
of the switched-on TV. The field strengths measured
0.5 and 0.8 m in front of the TV during embryonic
phase are given in Table 1. Incubation was performed
under 38 * 1 °C, 45-50% humidity, and permanent
darkness. The eggs were turned manually during the
incubation period until embryonic day 19. From the
19th to the 21st day, the eggs were not moved; a peak
of mortality occurs during this time period [Landauer,
1951; Baumann and Baumann, 1977].

Embryonic death was noticed by candling the
eggs on day 3, 5,7, 9, 11, and 13. After the 13th day,
the eggs became so opaque that the embryos could
no longer be seen through the shell. For this reason,
embryonic death from 13 to 21 days of incubation was
evaluated by opening the eggs from which the chicks
did not hatch after the 21st day of incubation.

After hatching, the chicks from each group (C or
E) were transferred to the henhouse and collectively
housed in one cage (0.5 X 0.4 X 0.4 m) under controlled
photoperiod [12 h light (0800—-2000), 12 h dark]; the
temperature in the cage was progressively reduced 1 °C
per day from 38 °C to 22 °C. The cage containing newly
hatched chicks was placed 0.5-0.8 m in front of the
second TV set, either switched off (C group) or switched
on (E group). The field intensities are measured at the
level of the cages, 0.5 and 0.8 m in front of TV, and are
given in Table 1. At the age of 2 weeks, the chicks from
each group were distributed three per cage and the cages
were placed 0.5-0.8 m in front of the TV.

Young chickens were repeatedly immunized by
injecting porcine Tg subcutaneously at 21, 30, and






