Experientia 36 (1980), BirkhSuser Verlag, Basel (Schwei 309

Power frequency electric field induces biological changes in successive generations of mice'
A. A. Marino. Maria Reichmanis. R. O. Becker. Betsy Ullrich and J. M. Cullen

Veterans Administration Medical Center. Irving Avenue and University Place, Syracuse (New York 13210, USA), 29 May
1979

Summary. Electromagnetic fields arising from the electrical power system are pervasively present in the environment. To
help evaluate their publicealth risk we raised 3 successive generations of mice in-atiemgth 60-Hz electric field. We
found that the field caused an increased mortality in each generation, and, altered body weights in the 3rd generation.

Electric and magnetic fields emanating from componenthe complete absence of electric fielsotherwise the

of the electric power syste@a frequency of 60 Hz ithe  environment for each group was identical to that of the
United States and 50 Hz in Eurof® are pervasively corresponding exposed group.

present in the environment. With the development ofhe mice were housed in 15 ! 30 cm noretallic cages
increasingly larger overhead higbltage transmission contained in | of 3 spally constructed units. The horizon
lines, the publidhealth consequences of chronic exposurtal unit held both the exposed and control mice of the
to such fields has come into sharfecus. Well over 50 horizontalfield study. whereas separate units were built for
groups of investigators have reported biological effects ieach of the vertical groups.

organisms ranging from amoeba to man following laboraEach vertical unit consisted of 3 pairs of shelves; each shelf
tory exposure to an electrical environment similar to thawvas a plée of aluminum sandwiched between 2 sheets of
created by a typical higholtage transmission lile A wood. The cages were supported between each pair of
gueston consequently arose concerning the degree of rigdtates by 2.5 cm thick closexll foam rubberb glued
experienced by individuals who come within the zone odlirectly to the wood insulation of each bottom pl&téo
influence of such linédup to several 100 negate the possibility of artifacts arisimgr field-induced
Until the mechanisms of interaction between electremagibration. Using this technique we found previously that
netic radiation and biological systems alecilated, it will any interference from vibration can be eliminated, even at
be necessary to base human exposure standards for-poweuch stronger fields than employed Reféhe cages were
frequency fields on an assessment of risk as distilled frooentered on the shelv&which were 2.4 m londp with
appropriate animal studies. This work was intended as otteeir long axes directed along the 0.6 m shelf width. The
such study. metal plate extended to within 2 cm of each shelf edge. In
Methods. Initially, mature male and female Ha/ICRiam the vertical exposure unit, 1120 V were applied to gmaih
were purchased commercially and split into 4 grofBps of plates. thereby producing 3.5 kV/m in the inptate
horizontalexposure. verticabxposure, horizontadontrol. region. The plates in the verditcontrol unit were ground
and verticaicontrol. Mice in the horizontadxposure group ed.

were allowed to mate, gestate, deliver, and rear thelihe mice in this study were housed in a single windowless
offspring in a horizortl 60Hz field of 3.5 kV/m. At room of our accredited animal care facility. In this room we
maturity, randomly selected individuals from the 1st genemeasured a 68iz field of 212 V/m from the lighting and
ation were similarly allowed to produce and rear theiair conditioning systems as well as from otkeurces. To
offspring while being continuously exposed. Randomlestablish a weltlefined baseline for the vertical exposure,
selected individuals from the 2nd generation then produceee wrapped the cagmntaining region with grounded
the 3rd generation. A parallel procedure was followed fasluminum screening, thereby creating Faraday conditions
each of the other 3 groups. The vertieabosure group (zero electric field) for the verticalontrol group. This in
consisted of 3 generations raised in d&f&ield of 3.5 kV/m. turn slightly reduced the measured ambient light levels
The horizontakcontrol group was raised in the ambientinside the verticatontrol unit. To insure identity of envi
electric field and theserticatcontrol group was raised in ronment the verticaéxposure unit was wrapped with non
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metallic screening B which did not perturb the electric It is perhaps the ultimate practical step to insure £hat
field b that had lighttransmission pregiies identical to the averag® the environment of the exposed and control
those of the aluminum screening. groups is identical but for the applied electric field.
The horizontal unit consisted of 5 wooden shelves whicheeding and watering were ad libitum. Food was placed on
accommodated 9 cages each. The cages were situateelwood bedding, and the water bottle was placed inside
between vertical metal plates which formed a 4iiedl the cage with the mice. Because the water was at essentially
arrangement. By appropriately groundimgenergizing the the same electric potential as the mi@end since the
plates, we could create the exposure and control enviroanimals' environment was totally nometallic B no
mentsin adjacent stalls.On the 1st, 3rd, and 5th shelf grounding microcurrents were credtthroughout the ex
3 plates were energizéiwith 890 V, thereby producing a posure period. In the room which housed the animals the
field of 3.5 kv/Imb and 7 were grounded, resulting in 5light:dark cycle was 12:12, commencing at 06.00 h, the
exposue stalls and 4 control stalls. On the remaining 2emperature was 22 + 1{C, and the humiditwhich was
shelves, 2 plates were energized and 8 were groundedt directly controlled®was generally less than 50%.
resulting in 4 exposure stalls and 5 control stalls. ThiBreeding was ammplished by allowing 2 females and
design was utilized to guard against the possibility of male to occupy a single cage. When a pregnancy was
interference from some hidden micro@ommental factor.  determinedb by abdominal palpatio® the male and the
2nd female were destroyed. Pregnant females were placed
in individual cages and remained with their offsprinmgil

Table 1. Average body weight at various times after birth of 3 successive generations of mice exposed continuously to 3.5 kV/m at 60 Hz

1st generation 21 days 35 days 49 days 63 days
Vertical control " 11.4+29 246 +3.6 29.2+3.1 31.6+34
# 114+ 3.2 20.7+£3.2 23.7+23 253+3.1
Vertical experimental " 11.0+25 23.6+£3.2 28.0+ 3.0 30.1+3.6
# 10.5 + 2.0* 199+1.9 23.2+22 25.6+2.8
Horizontal control " 102+ 1.7 241+23 282+24 30423
# 10.2+2.0 211+1.7 235+15 24.8+2.2
Horizontal experimental " 105+2.8 23.6 £ 3.6 289+26 31.8+4.3
# 104+238 20.2+3.6 23.6+3.0 25.7+26
2nd generation 21 days 48 days 70 days 108 days
Vertical control " 13.8+1.2 29.0+5.0 35.0+ 2.6 38.0+34
# 13.8+1.3 256 +2.7 27.2+23 29.6+4.0
Vertical experimental " 141+15 30.3+3.0 355+29 37.3+39
# 139+1.7 248+24 27.2+24 29.0+24
Horizontal control " 142+16 31.0+23 34.0+41 355+4.2
# 141+14 248+24 26.9+23 29.1+3.2
Horizontal experimental " 13.9+2.0 31.4+26 31.8 + 3.4* 36.8+3.1
# 142+1.6 25.8 + 1.9* 279+24 296+24
3rd generation 21 days 49 days 63 days 119 days
Vertical contol " 146+15 29.6+3.1 32.74£3.0 40.7+£ 4.8
# 143+15 249+18 26.6+2.2 31.8+ 3.6
Vertical experimental " 15.6 + 2.0* 30.4 + 4.5* 34.5+3.1 41.4+55
# 147+14 25.9 £ 2.3* 26.2+3.1 315+43
Horizontal control " 140+ 2.1 299+3.1 324+3.3 39.2+49
# 134+1.8 246+28 25.0+ 2.3 28.6+25
Horizontal experimental " 14.6 + 1.6* 31.1 +2.5* 32.3+3.4 40.8+5.3
# 145+ 2.1* 25.7 £ 2.5* 26.9+2.1* 30.9 + 3.6*

In g, with SD. *p < 0.05.

Table 2. Mortality in each generatioStatistical significance determined Kytast. Mortalities not shown did not differ significantly

Number alive Number of Percent o
Number born 119 days deaths due deaths due Significance
at 21 days 108 days . .
to field to field
1st generation
Vertical control 284 236 38 14 p! 0.01
Vertical experimental 263 181
Horizontal control 235 205 25 11 p <0.001
Horizontal experimental 234 179
2nd generation
Vertical control 114 110 6 6 p <0.05

Vertical experimental 107 97

3rd generation
Vertical control 126 119 11 10 p <0.001
Vertical experimental 101 84
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weaning at 21 days after birth. In the 1st generatiofsne gpjlity to produce a systemic respomseeath is 1
following weaning and weighing at 21 days after birth, the,ample-"is the hallmark of a biological stress The
Hulmbgzr Off a_r|1_|mals| in each group W?prr)]mmmat_ely theory of biological stress is quite general and is distinct
alved to facilitate longerm exposure of the remaining fom ‘sybcellular or molecular theories of the interaction
animals. In the latter 2 generations, however, the necessy¥yeen the stressor and the organism. But now, Vevile
reduction in numbers was accomplished at 1 day aftgloqency field studies are in their infancy, stress is a useful
birth, at which time each litter was reduced to 6 animalg,mework within which to attempt an understandiofy
Because of tis, the lactation index was identical for eache great variety of biological effects such fields have
litter in the latter 2 generations. _ oduced®'t
On the 119th day after the tgr}h of the 3rd generation, 14 the 3rd generation, males and females in both exposed
;najor orgﬁnsf V‘i%re relcovered 10(; rplcroiscopllg exarr]nln?tl oups were heavier than the corresponding control groups,
rom each o males an emales of each of gt the hody wejhts of the animals in the 1st and 2nd
4 graups. These results will be reported later. The totality ofenerations were not altered by the electric field. We
the procedures and precautions which we followed weig,q\ed previously that at 45 Kv/m the 1st and 2nd
based on the experience we gained from our prior similgfnerations of exposed animals were lighter than the con
study’, and accommodated all methodological consider rol animals, and that the 3rd generation reflectei

tions brought to our attention'. patterii. The 2 multigeneration studies clearly show that

Results. The results are presented in tables 1 and 2. In tige Simple physical model of a linear dassponse rela

1st generation the 4 groups delivered22ilitters with an tonship for lowfrequency field bioeffect$**is incorrect.
average of 11-12.5 pups per litter. No consistent effect onThe tendency towards heavier body weights in animals
body weight attributable to the electric field was seeghronically exposedto relatively lowstrength fields®
throughout the 8-day term of observation (table 1). But in feported here and found by othem®is not understood. If
both exposed groups infant mortality was increased generalized stress response is involved, the excess body
(table 2). In the verticatontrol group, 48 animal® about \_N9|ght may be due to adre_nal corticosterone secretion and
17% D died between birth and weaning. In the vertical its stimulation of r_enal sodium resorptférthh concom
exposure group, if the electric field wasa'tcausative Mitant water retention.

factor, a 17% mortalitghould also have been seen. But that

group exhibited a 31% mortali® 82 animals died and not

the expected4. Thus38 animals, about6%of those born, 1 This work was supported by the National Institute of Environ
failed to live to weaning because of the electric field. A mental Health Sciences, Department of Health, Education and

similar result was obtained in the horizonrgadposure Welfare, the Environmental Protection Agency, and the
group B about 11% of the animals born failed to live to  Veterans Administration.

weaning because of the electric field. 2 A. A. Marino aad R. O. Becker, Physiol. Chem. Phys.131
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each of which was reducéd 6 pups within 24 h afteiirth. 3 A. A. Marino and R. O. Becker, Environmeit No. 9, 615,
Despite this, no consistent effect on body weight attribut 40 (1978). _ _

able to the field was seen throughout the-#8¢ observa F. X. Hart and A. A. Marino, IEEE Trans. Biomed. EAg/E-
tion period (table 1). The verticaixposure groufhowever 24, 493 (1977).
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group were significantly heavier than their respective-con _ Sion Lines, 1974.978.
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