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INTRODUCTION

The research herein reported was a continuation of that covered by
Technical Report, Phase I (Continuous Wave) which was compiled March 1,
1975 (1).

The continuous wave studies were conducted with chick embryos, cul-
tured chick embryo cells, immature chicks and adult chickens. Continuous
wave frequencies of 45, 60 and 74 hertz were used; magnetic field inten-
sities were 1, 5, 8 and 30 gauss; electric fields were 1, 10 and 3600
volts/meter. While chick embryo cell growth (in vitro) appeared to be
inhibited by all but one ELF field studied, ''mo other responses (intact
birds) were of sufficient magnitude or consistent enough to support the
belief that they were due to the E1f fields tested."

The research in this report utilized the same special equipment
and facilities which were designed for the earlier (CW) studies and which
were easily adaptable for use with the modulated field frequencies in
which the Navy was interested at the time the research was planned. 1In
addition to the equipment used for the CW studies, specially designed equip-
ment was supplied by the Navy to provide modulated signals intended to

simulate the transmission from an ELF communication system.
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ABSTRACT

The domestic fowl was used in a series of experiments designed
g to allow evaluation of the influence of continuous exposure to modu-
lated extremely low frequency (ELF) fields of low intensity upon 1)
é growth and development of the chick embryo; 2) early post-natal

growth of the chick; 3) subsequent growth of the sexually immature

R

bird; and 4) social interaction among sexually mature females.
The fields used were modulated between 72 and 80 hertz (76 * 4 Hz).

The magnetic fields were maintained at intensities of 1 or 8 gauss.

S b e

The electric fields were maintained at either 10 V/m; 1 V/m; 10 V/m

plus 60 Hz, 3.5 V/m; or 1 V/m plus 60 Hz, 3.5 V/m. Uniform fields
at identical frequencies and amplitudes were provided for continuous
exposure of embryos and chicks during the preincubation holding period,
incubation and hatching periods and through the first 28 days of
brooding.

Statistical analyses of the results of these studies revealed
that neither the magnetic nor the electric fields tested had signifi-
cant or consistent effects on the following:

1. Hatchability of fertile eggs.

2. Embryo survival during the most critical stages of development.

3. Early post-hatching growth and development.

4. Growth and development of the sexually immature bird.

5. Carbon dioxide production of the developing embryo.

6. Subsequent aggressiveness (as adults) of females exposed

early in life.

7. Hematocrits of birds at 4-6 weeks or at 8 months of age.
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The fields may have prolonged the incubation period slightly,
but not enough to interfere with hatchability. More precise procedures
would be necessary to better evaluate the effects of exposure to these
fields upon the length of the incubation period and upon the growth
of chicks which had been removed from field exposure soon after
hatching.

The ELF fields used do not appear to have been detrimental to the

survival or well-being of the exposed chicks.
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TECHNICAL DESCRIPTION OF THE WORK

The research described in this report was conducted in the facilities
described earlier in Technical Report, Phase I (Continuous Wave) (1) and (2).
These reports described the special equipment which was used to provide the
uniform extremely low frequency (ELF) electric and magnetic fields at iden-
tical frequencies and amplitudes for continuous exposure of embryos and
chicks throughout the preincubation holding, incubation, and hatching periods
and through the first four weeks of brooding.

The earlier continuous wave work involved magnetic fields at frequencies
of 45, 60 and 75 hertz and electric fields at 60 and 75 hertz. The magnetic
fields were maintained at 1, 5, 8 or 30 gauss and the electric fields were
maintained at 1, 10 and 3600 volts per meter. These ELF fields had no sig-
nificant or consistent effects on: 1) hatchability of fertile eggs; 2)
embryonic survival during the most critical stages of development; 3) early
post-embryonic growth (to four weeks of age); and 4) learning and memory
consolidation in the neo-nate chick. Growth and development to ten weeks
of age was not affected by earlier (four-week) exposure. A 60 hertz, 5
gauss magnetic field had no effect on metabolic activity of chick embryos
as determined by embryo growth rate and CO2 production.

Chick embryo cells grown in vitro appeared to be inhibited when incu-
bated in 60 Hz magnetic fields at 1, 5 or 8 gauss; in 60 Hz electric fields
of 1 or 10 V/m and in a 75 Hz electric field at 1 V/m. However, a 75 Hz
electric field at 10 V/m appeared to accelerate cell growth. No explanation
was offered for these seemingly opposite effects of the two 75 Hz fields.

No other responses (intact birds)were of sufficient magnitude or consistent

enough to support the belief that they were due to the ELF fields tested.




i Upon completion of the continuous wave studies, it seemed desirable
to gather additional data on the responses of the fowl to modulated ELF
fields maintained at similar amplitudes to those used in the CW studies.
Consequently, it was decided to use modulated frequencies close to 75 hertz.
Existing special equipment for holding (preincubation) hatching eggs,
incubation, hatching and rearing chicks to four weeks of age required
modification only in electrical inputs and this added to the economic
feasibility of these extended studies.

Four MSK generators were supplied by the Naval Electronic Systems
Command from the IIT Research Institute to provide the desired signal
modulation when properly connected to the ELF field simulators. The

| u

desired modulation parameters were a pseudo random modulation pattern

utilizing peak switching and a bit rate of 16. For these conditions and
a center frequency of 76 Hz, the generator will switch between 72 and 80 Hz."l

Subsequent references throughout this report will identify this modulated

TR T

frequency as 76 * 4 hertz. The amplitudes of the modulated magnetic fields
proposed for study were 1 and 8 gauss and those for the electric fields
were 1 and 10 volts per meter. It was also planned to study the effects

of the electric fields in the presence of continuous wave 60 hertz fields

at 3.5 volts per meter.

OBJECTIVES

The objectives of the ELF modulated field studies were:

A. To evaluate the influence of continuous exposure (from egg

pickup, through holding, incubation, and chick rearing to four weeks of

age) to the following six fields:

lCommunication from M. H. Benedick, Trip Report, URI, 7 February, 1975.

w.‘- “
[ e ——.

e ————




|
E
,__
|
4,
E
i
5

et Vre AR LN k4

i
s 1

1) 76 £ 4 Hz, 8 gauss
2) 76 + 4 Hz, 10 V/m
3) 76 * 4 Hz, 1 gauss
4) 76 * 4 Hz, 1 V/m
5) 76 * 4 Hz, 10 V/m plus 60 Hz CW, 3.5 V/m
6) 76 + 4Hz, 1 V/m plus 60 Hz Cw, 3.5 V/m
B. To evaluate the influence of ELF fields 1), 2) and 5) above on
the development of adult social behavior of hens continuously exposed during
early development (prior to 4 weeks of age). (Field 5 was not used because
the birds were immature until late January, 1976).
C. To evaluate the influence of ELF fields 1), 2) and 5) above upon

carbon dioxide output of developing chick embryos.

MATERIALS AND METHODS

1. Magnetic and Electric Field Simulators.

The ELF field simulators used in the earlier continuous wave studies
were also used for these modulated frequency experiments. The incubator
modifications and the hatcher-brooders used in both series (CW and modulated)
can be seen in Figures 1-5. Detailed descriptions of the field simulators
and the internal environments which prevailed in each have been presented
earlier (1).

2. The Egg Supply.

Hatching eggs from flock mated pens of White Plymouth Rocks (WPR) and
White Leghorn (WL) fowl, maintained at the R, I. Agricultural Experiment
Station poultry farm were used in these studies. White Plymouth Rocks were

used in the trials which involved chick growth and subsequent adult be-
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Figure 1. Exterior of Jamesway Model 252 incubators modified internally
to accomodate ELF field simulators.

Figure 2. lInterior view of Jamesway Model 252 incubator showing one
electric field simulator in place at the top; a magnetic
is at the center. Similar field simulators are in place

part of the compa.tment,

field simulator
in the lower
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Figure 3. Magnetic field simulator (1 of 2) for hatching eggs and brooding
chicks to four weeks. One chick compartment and dropping tray are shown
partly removed; the other compartment is accessible from the other end.

Figure 4. Electric field simulators used for hatching and brooding chicks
through four weeks. Four plastic chick compartments are shown in place

in one of the two heated E-field chambers. Each chamber is partitioned .
vertically to restrict field exposure to one side only.




Figure 5. Top view of one electric field chick compartment with furnishings
in place showing; A, plastic chick compartment, 35" long, 8.5" wide; B,
waterer, 2-quart; C, feeder; D, electric field probe (attached to feeder);
E, plastic grid base (droppings pass through to plywood tray beneath).

10
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havior because of the rapid growth rate customarily associated with chicks of
this breed-

Leghorn eggs were used in the carbon dioxide studies because the smaller
eggs from these birds could be used with less difficulty in the respiration
chambers available for use with the infra-red CO2 analyzer. (Each cylin-
drical respiration chamber had an inside diameter of 1.75 inches and was
8 inches long).

3. Coding of Experiments,

The Phase II Modulated Field studies were considered a continuation of
the earlier CW experiments so a similar coding system was used for bird
and data identification. The magnetic field trials were labeled M 2- and
the electric field trials were labeled E 2-. The ELF field exposures used
in Phase II are shown in Table 1 with the appropriate trial identification
code, trial period dates, and brief notes about the nature of each trial.

4, Egg Handling and Body Weight.

All eggs collected daily from the breeder pens were placed in an egg
holding room where they were maintained at approximately 60-70°F and 60-80%
relative humidity until sufficient numbers were available for a complete set-
ting. The holding period for each setting did not exceed ten days. The mag-
netic field experiments used 352 eggs and the electric field trials used 384
eggs for a complete set.

Within 24 hours after delivery to the holding room, each day's eggs
were divided into equal numbers and stored in separate areas so that equal
numbers of eggs of the same age would be set in the control or energized
fields of the incubators. Eggs which were intended for ELF field exposure
during incubation were continuously exposed to the same field during the

preincubation holding period.
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When enough eggs (approximately 400) had been collected for a complete

setting, they were identified as to treatment and candled to allow removal
of cracked or porous shelled eggs which would be unsuitable for hatching.
The remaining eggs were then sorted in such a way that equal numbers of

eggs of each age (days held before incubation) occured in each simulator

and in the same relative position within each simulator. This was accom-
plished by dividing each magnetic field cylinder into two l2-egg end zones
and four l6-egg internal zones, and by subdividing each of the four electric
field capacitors into six lb6-egg zounes.

Data used for comparisons between controls and ELF field-exposed
embryos and chicks were collected from the eggs set in the internal zones.
Chicks from the end zone eggs were subsequently reared under more ''con-
ventional' environmental conditions to provide an estimate of the effects i
of the special brooders (other than the ELF field effects) on early devel-
opment of the chicks.

After 17 or 18 days of incubation (eggs set on Fridays were transferred
on Mondays; eggs set on Mondays were transferred on Fridays), all eggs were
removed from the incubators, candled to allow removal of infertile eggs and
dead embryos, and all eggs with living embryos were transferred to hatcher-
brooder compartments which were subdivided to allow continuation of the
incubator setting zone designation through the hatching period.

Appropriate ELF field exposures, identical to those used during the

preincubation and incubation periods, were continued during hatching and

until the chicks reached four weeks of age.
Visual observations of the hatching compartments were made on the

21st day, starting at 496 hours (20 days, 16 hours) after setting, and
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continuing at four-hour intervals until 512 hours (21 days, 8 hours).
The chicks which had hatched at each observation time were identified by

a series of toe-web marks and recorded to allow an estimation of the

influence of the ELF fields on overall embryonic development.

On the 23rd day after setting, the chicks which had hatched were
wing banded for individual identification, weighed, and the end zone
chicks were moved to a starting battery. Unhatched eggs were placed

under refrigeration, with those previously removed at transfer time, for

later breakout to determine time of embryo death.

At seven days of age, all chicks were weighed individually and
chick populations in the ELF field simulators were adjusted by removal,
whenever possible, of chicks with odd-numbered bands. This plan should
have resulted in the following distribution of chicks (a thermostat mal- %

function causing high mortality in E 2-1 and a miscount in M 2-2 resulted

in smaller starting numbers in those trials):

Magnetic Field Simulators

Compartment 2
3 A Exposed 20 chicks
‘E B Control 20 chicks
'é c Control 20 chicks
’ D Exposed 20 chicks
"Conventional" Battery Compartment
E Excess from A and D, 20 chicks

F Excess from B and C, 20 chicks




Electric Field Simulators

Compar tment

Al’ A2 Exposed, 10 chicks each; 20 chicks
Bl’ B2 Control, 10 chicks each; 20 chicks
Cl’ C2 Control, 10 chicks each; 20 chicks
Dl’ D2 Exposed, 10 chicks each; 20 chicks

"Conventional" Battery Compartments

G Excess from Al’ AZ’ Dl’ D2; 20 chicks

H Excess from Bl’ BZ' Cl’ CZ; 20 chicks

At 28 days of age, after weighing, all remaining chicks were trans-
ferred from the field simulators or starting battery units to floor pens
where all birds of each trial were reared together. The birds in trials
M 2-1 and E 2-1 were reared to maturity for behavioral studies; all others
were marketed after 10 weeks of age.

5. Carbon Dioxide Production of Embryos

Three experiments were conducted to evaluate the effects of one magnetic
field and two electric fields (see Table 1) upon intact chick embryos.

The electronic gas analyzer (Beckman, Model IR 315) described earlier
(1) was used to measure carbon dioxide output of intact chick embryos at
2-day intervals from day 6 through the 20th day of incubation.

Eggs from flock mated White Leghorns were used and for purposes of
ELF field exposure were treated the same as those used for chick growth
studies. Several handling differences were necessary, however, for
these studies.

One incubator only was used for each study, and because the field simu-
lators were located one above the other in each incubator (see Figure 2) the

eggs were switched from one field simulator to another at two day intervals
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after measuring 002 output. This was intended to eliminate differences in
CO2 output which may have resulted from slight temperature and other
position differences within the incubator compartment. Electrical input
connectors for each field allowed easy change of energized simulators when
the eggs were changed. Continuous monitoring of each field, periodic
recording of energized simulators, and color coding of exposed and control
egg trays helped avoid switching errors.

At days, 6, 8, 10, 12, 14, 16, 18 and 20 equal numbers of exposed and
control eggs were transferred hourly from the field simulators to a holding
incubator (negligible ELF field) located in the room housing the gas anal-
yzer. At approximately l15-minute intervals four eggs (two exposed and
two control) were placed individually in the four heated analysis chambers.
Two analysis chambers remained sealed throughout to provide continuous
monitoring of instrument drift and warn of air leaks in the system. (Since

CO, content of the room air was high, any leaks allowed room air to blend

2
with that from the analysis chambers and caused dramatic increases in
recorded COZ)' Figure 6 shows the general arrangement of the CO2 collec-
tion chambers and associated tubing. The chambers were enclosed in a
compartment heated to approximately 100°F to minimize temperature fluc-
tuations of the developing embryos which would have resulted from
handling the eggs at room temperature (68-74°F). Except for the one-hour

period required for CO2 analysis at 2-day intervals, all exposed eggs

remained in the designated ELF field throughout each trial period.
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Figure 6. Diagram showing arrangement of CO, collection chambers and associated
tubing used with the gas analyzer.
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6. Behavioral Studies

Adult females which had previously (until four weeks post-hatching)
been exposed to an ELF magnetic field (M 2-1, 76 * 4 Hz, 8 gauss) or
electric field (E 2-1, 76 * 4Hz, 10 V/m) were used in peck order trials
to determine whether or not the early field exposures had influenced their
aggressiveness as adults. Four trials were conducted and each trial con-
sisted of establishing a peck order among ten birds. Two trials were
conducted among the females exposed as chicks to the magnetic field and
two were conducted among those exposed as chicks to the electric field.

The pullets used were approximately 8-9 months of age and were in
egg production when the trials were conducted. Each trial consisted
of ten birds which had been placed in individual cages, to earse pre-
vious peck order hierarchies, three weeks prior to starting the test
trials. Each trial was composed of ten birds; five were from control
groups and were numbered 1-5, and five were from exposed groups and were
numbered 6-10. After spending three weeks in cages without physical
contact with one another, all birds in a trial were placed together in a
10-foot x 12-foot floor pen. Adequate food and water were available at
all times. Daily observations of bird activities were made until a peck
order had been established (usually within 3-4 days).

The data were analyzed by Chi-Square and Spearman's Rank Correlation
methods (4).

7. Hematocrits

The hematocrit (packed cell volume expressed as percent of total
blood) is low in young chickens and increases slightly in females and
and framatically in males as they approach sexual maturity. Since
circulating levels of testosterone increase hematocrits as well as aggres-

siveness in chickens, the hematocrit has been proposed as an indicator




of social aggressiveness in this species. Because hematocrit determinations
are relatively simple to make, it was felt that this measure might have
some potential value in these studies, particularly since some of the birds
were to be reared to maturity. Therefore hematocrit determinations were
made on samples of chicks which had been reared through four weeks of age
in either a magnetic (M 2-1) or an electric (E.Z-l) ELF field. Hematocrits
were also determined on samples of the M 2-1 birds after they had reached
sexual maturity (at approximately eight months of age).

The hematocrits were determined on small samples of blood drawn from
a subcutaneous wing vein. (Several prominent veins are readily accessible

as they cross or run parallel to the ulna, radius or humerus on the ventral

side of the wing). The blood was collected in heparinized micro-hematocrit

tubes, plugged with "Seal—Ease"1 and centrifuged. Hematocrits were read

with a "Spiro-Crit" tube reader.
RESULTS AND DISCUSSION

The reader should refer to Table 1 for associating the assigned
trial code numbers (M 2-1, E 2-1, etc.) with the ELF magnetic or electric
field description for which they were used.

1. Hatchability.

The effects of the various ELF fields upon embryonic chick devel-
opment were examined from the standpoints of hatchability of fertile eggs

set (Table 2) embryo mortality by incubation period (Table 3) and hatching

1Micro-—hematocrit tubes, 'Seal-Ease', '"Spiro-Crit" reader and micro-

hematocrit centrifuge were products of Clay Adams, Division of Becton,
Dickinson and Company, Parsippany, NJ 07054.
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time in terms of hours after setting (Table 4, 5 and 6). In examining
these data it should be kept in mind that the eggs used in four trials
(M 2-1, M 2-2, E 2-1 and E 2-2) were gathered, held, and incubated
during cold weather; those used in two trials (E 2-3 and E 2-4) were
gathered, held and incubated in July and August. In addition, the
rate of egg production of the breeders necessitated holding the eggs
longer in most cases (up to two days) than is the customary commercial
practice (usually 5-6 days) and these factors probably accounted for
the low hatchability experienced in these studies. However, the iden-
tical practices followed with the control and exposed eggs (other than
the experimental variables under study) made these data suitable for

analysis.

Hatchability of fertile eggs set (Table 2) appeared to be unaffected

by the ELF fields used and mortality by incubation period (days 1-7,
7-14, and 14-21) were similarly unaffected (Table 3). Hatchability

differences between exposed and control eggs approached significance in

only one trial (M 2-1) and differences in mortality by incubation period

appraoched significance in only one trial (M 2-2).

Since embryo survival did not appear to follow a pattern in favor
of either the exposed or control condition, however, it seems unlikely
that these differences could be attributed to the ELF field exposures.

In conducting the earlier studies (Phase I, Continuous Wave) the
observation had been made, without supporting data, that the eggs
which had been incubated in one magnetic field coil seemed to hatch
earlier than either the control eggs or those from the other energized
coil. Therefore, an attempt was made to determine whether or not

differences existed in hatching time between controls and eggs exposed
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to the various fields. The chicks which hatched were recorded at four-
hour intervals during hatching and the analyses of the data collected
appear in Tables 4-6. The numbers of chicks which hatched early, inter-
mediate and late are presented, together with the Chi-Square analysis
of the data.

The differences between the control and exposed eggs were great
enough in two trials (M 2-1 and E 2-2) to encourage further observations
of the data. Therefore, the data were compared by position (top simulator

vs. bottom) in the incubators with exposed and control data pooled. This

analysis indicated a position effect (Table 5) and prompted the analysis

shown in Table 6 which shows a comparison between exposed and control
embryos when early and late hatch designations depend upon approximately
50 percent hatch of the controls. These data are not precise because
of the difficulty of measuring time at 50 percent hatch with the pro-
cedure used (observations at 4-hour intervals), however they show a trend
toward a prolongation of the hatch which may have been due to slight re-
tardation of development during incubation. In order to evaluate more
precisely the influence of the ELF fields on this response, greater
care would be necessary to eliminate position and temperature differences
during incubation. While these factors did not appear to affect
eventual hatchability of the fertile eggs, it is well known that slight
temperature differences during the full 2l-day incubation period can have
a dramatic effect (retardation or acceleration by several hours) on the
time of hatch.

The observations at hatching time of E 2-3 were inadequate for
analysis. The differences in hatching time between the control and

exposed chicks in E 2-1 were not significant, but differences between
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controls and exposed chicks in the remaining four tirals indicate that

the ELF fields retarded embryo development slightly.

2. Bird Body Weight

After all viable chicks had hatched (approximately 23 days after |

setting), they were wing banded for individual identification and weighed.
They were again weighed individually at 7, 14, 21, 28 and 70 days after
hatching (exception: the birds in trial E 2-1 were weighed at 12 weeks
rather than at ten weeks of age). The body weight data and their

analyses are shown in Tables 7-12 for each growth trial. Since individual

data were available, the analyses made use of this fact, avoiding the

need to use the means derived from replicated groups. |
The variation in bird numbers whose body weights were available !

for analysis at the various periods was due to several factors. In

several instances, lost wing bands were replaced without body weight

determinations at the appropriate time but in such bases body weight was

taken at the next regular time. Chicks which died within the first

two weeks were considered abnormal and their body weights were not

analyzed. In the case of trial E 2-1. a malfunction of one ¢~ the

‘ |
; hatcher-brooder temperature controls caused overheating of the unit and
;; loss of most of the chicks at day 8. Since the surplus chicks had been
B removed only one day earlier, the lost chicks were replaced by returning (

surplus chicks to the experimental chambers from the battery brooder
maintained in the same room. The exposed chicks in this trial were
therefore outside the experimental ELF field for approximately 20 hours.
In a few instances, an occasional chick was overlooked on "weigh
day'", presumed dead, then discovered on the succeeding weigh day. In

such cases only the available data as recorded were analyzed, but bird

|
|
X
F
|
|
|
|
P
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numbers in the tables appear to fluctuate. In several cases, a sharp

decrease in bird numbers between 28 and 70 days is obvious (especially
E 2-2 and E 2-3). This was due to the mortality caused mostly by
coccidiosis which is particularly troublesome in flocks started on
grills which prevent ready access to their droppings during early devel-
opment. Such birds develop little resistance to coccidia and when placed f
on litter often experience heavy mortality. Proper preventive medica- ;.
tion of such birds is difficult.

Body weight differences between exposed and control chicks were

great enough to be significant at the .05 level in only three instances:

in trial M 2-2, Exposed > Control at 7 days;

in trial E 2-2, Control > Exposed at 2 days;

in trial E 2-3, Exposed > Control at 14 days;

These data do not support a hypothesis that bird body weight prior
to ten weeks of age was influenced by the ELF electric or magnetic
fields studied.

Body weights of surplus chicks removed at seven days and reared in
battery compartments are shown in Table 13. Birds from the exposed
groups were reared in compartments separate from the ones from the control
groups. Body weights at 48 hours, 28 days and 70 days are shown. When
these body weight data are compared with the ones in Tables 7-12 they
indicate that a population density of 20 chicks per magnetic field simu-

lator compartment and 10 chicks per electric field simulator compartment

allowed growth responses comparable to those observed in the battery
compartments (20 chicks per unit).
At 70 days of age (84 days for E 2-1) the chicks which originated ;

from the energized groups (until 7 days post-hatching) had greater body




weights than comparable control chicks. Since exposure to the ELF

fields was terminated at 7 days of age, and because other exposed
(through 28 days of age) chicks did not show consistently similar
differences from their controls, it is difficult to explain the appar-
ently greater growth of the previously exposed, battery reared chicks.
Approximately equal numbers of previously exposed and control chicks
were used in each battery compartment to eliminate position effects
(chicks were identified by band number).

3. Carbon Dioxide Production of Embryos.

The mean carbon dioxide production of chick embryos from day 6
through day 20 were summarized in Tables 14-16 for trials M 2-3, E 2-5,
and E 2-6. The data were gathered from individual embryos whose id-
entity was maintained throughout the trial period. The tables include
analyses of the differences in carbon dioxide production between
control embryos and those continuously exposed to a modulated magnetic
field of 8 gauss (M 2-3) a modulated electric field of 10 V/m (E 2-5)
or a modulated electric field of 10 V/m plus 60 Hz CW, 3.5 V/m (E 2-6).
The data show repeated measurements on the same embryos and therefore
if the ELF fields had influenced metabolic rate of carbon dioxide pro-
duction, it is reasonable to assume that the effects would have been
cumulative or at least would have shown a trend. The data do not
indicate any such trend.

In trial M 2-3, the exposed embryos exceeded the controls slightly
throughout; the difference was significant only on day 18.

In trial E 2-5, the exposed embryos produced CO, at a more rapid
rate than the controls on days 6, 8, 10 and 16; on days 12, 14, 18 and

20 the controls produced more C02.
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In trial E 2-6, the exposed embryos produced CO2 at a higher rate
than the controls on days 6, 8 and 12; on days 10, 14, 16, 18 and 20
they produced less C02.

The differences in CO, production were less than significant (.05
level) on most days measured.

These data indicate that the ELF fields used did not alter metabolic
rate of the chick embryos enough to be measured as a significant change
in carbon dioxide production rate. While these data do not support the
evidence cited earlier that ELF fields may have slowed embryonic devel-
opment slightly, it seems reasonable to assume that embryonic development
could have been slowed enough to retard hatching time by a few hours
without significantly reducing 002 production (considering individual
embryo variation and the limits of precision imposed by the measuring
procedures).

4. Behavioral Studies.

Adult female White Plymouth Rock pullets which had been reared
together, then isolated by housing in individual cages, were identi-
fied by their wing bands according to their earlier (through 28 days
post-hatching) ELF magnetic or electric field exposure and were pro-
vided with readily visible wing badges numbered 1-10. Within each
trial, birds numbered 1-5 were from control groups and those numbered
6-10 were from previously exposed (M 2-1 or E 2-1) groups. Frequent
observations of the birds after recombining in floor pens by assigned
numbers (1-10) revealed the establishment of new peck orders within
three to four days. Table 17 shows the peck orders established in
the four trials conducted. The birds were ranked by aggressiveness;
the most aggressive was placed at the top and the least aggressive

(most submissive)was placed at the bottom.
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Chi square and Spearman's Rank Correlation analyses were used to test
the significance of the results.

With the exception of Trial IV, the orders constituted a random order;
Trial IV approached non-randomness. Combining all tests and testing for
agreement among tests revealed '"mo agreement'". This indicated that previous
exposure to the ELF field tested did not influence peck order.

No correlation was found between peck order and body weight or between
peck order and hematocrit at 4 or 6 weeks of age.

5. Hematocrits.

The hematocrits determined on randomly selected birds from the groups
previously exposed to either an E1f magnetic field (M 2-1, 76 * 4 Hz, 8
gauss) or to an ELF electric field (E 2-1, 76 + 4 Hz, 10 V/m) appear in
Table 18. Determinations were made on the M 2-1 birds at 6 weeks and at
8 months of age; those on the E 2-1 birds were made at 4 weeks of age.

No significant differences between the hematocrits of the previously ex-

posed and control birds were found.

CONCLUSTIONS

The data gathered from a series of experimental trials in which
chick embryos and neo-nate chicks were continuously exposed to modulated
ELF magnetic or electric fields indicate that the fields investigated
did not cause consistent or significant changes in the following:

1. Hatchability of fertile eggs.

2. Embryo survival during the most critical stages of development.

3. Early post-hatching growth and development.
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4. Growth and development of the sexually immature bird.

5. Carbon dioxide production of the developing embryo.

6. Subsequent aggressiveness (as adults) of females exposed

early in life.

7. Hematocrits of birds at 4-6 weeks or at 8 months of age.

The fields may have prolonged the incubation period slightly,
but not enough to interfere with hatchability. More precise procedures
would be necessary to better evaluate the effects of exposure to these
fields upon the length of the incubation period and upon the growth
of chicks which had been removed from field exposure soon after

hatching.

The ELF fields used do not appear to have been detrimental to the

survival or well-being of the exposed chicks.
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