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INTRODUCTION 

The research covered by this report was first proposed in response 

to a :published invitation to the scientific conmnmity nade by Dr. L. M. 

1 Libber, Physiology Program Director, Office of Naval Research. In his 

article, Dr. Libber reviewed certain aspects of Project SANGUINE, the 

Extremely Low Frequency (ELF) comnnmications concept in which the De:part

ment of the Navy was interested, and established the need for additional 

research aimed at discovering the influence of ELF electronagnetic radi

ation upon biological systems. 

University of Rhode Island workers in the Departments of Animal 

Science, Animal Pathology, and Electrical Engineering submitted a re

search proposal to the Office of Naval Research early in 1971; later 

that year, under ONR Contract No. N00014-68-A-0215-0009, they started 

assembling and constructing the specialized equipment .needed to nake 

the proposed studies. 

The research first proposed in this program anticipated the use of 

electromagnetic fields at 45 and 75 Hz with a nagnetic field strength 

of 1.0 gauss and electric field intensities of 1 and 10 volts per meter. 

However, the field simulators and associated equipment assembled for 

the work allowed sufficient flexibility in the study program so that 

other field frequencies and intensities could be used. Most of the 

studies reported were nade at frequencies of 60 or 75 :f{z; the nagnetic 

field intensities were 1, 5, 8, and 30 gauss, and the electric fields 

used were 1, 10, and 3600 v/m • 

Libber, L. M., 1970. Extremely low frequency electromagnetic radiation 
biological research. Bio Science, 20 (21) :1169-70. 
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The work covered by this report he.s been arranged in four parts 

which represent respectively research performed by the four distinct 

groups of investigators involved. While the research procedures, data, 

and conclusions drawn in each part were influenced by the biological 

materials used, the same electrical apparatus was used in all the ex

periments. The specialized equipment needed to simulate the desired 

nagnetic or electric fields was designed in the Department of Electrical 

Engineering and constructed in the URI Engineering Instrument Shop. The 

electrical equipment and surveillance procedures used were approved by 

specialists representing the Office of Naval Research.and the Naval 

Electronic Systems Comnand. The special nagnetic and electric field 

simulators are described in Part I. 

Part I (pages 4-55) is comprised of a series of trials designed to . . 

evaluate the influence of ELF magnetic or electric fields upon develop

ment of the embryo and the chick. 

Part II (pages 56-59) is a report of social behavior in adult fowl 

which were continuously exposed to an ELF magnetic field during incu

bation and early post-natal development. 

Part III (pages 60-99) consists of a series of trials in which chick 

embryo tissue cells were incubated in culture while continuously exposed 

to ELF nagnetic or electric fields. 

Pa.rt rv (pages 100-119) reports the results of an experiment in which 

developing chick embryos, continuously exposed to an ELF magnetic field, 

were mnitored daily, (day 6-19), for carbon dioxide production during 

the incubation period. 

• 

• 
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PART I 

The Influence of ELF :t-kgnetic and Electric Fields Upon Hatchability 

and Early Development of Chicks -

by 

Wayne K. Durfee 

Paul R. Plante 

s. Ml.tthukrishne.n 
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ABSTRACT 

The domestic ,fowl (Gallus domesticus) was used in two series of hatch

ability and growth trials designed to evaluate the influence of continuous 

exposure to extremely low frequency (ELF) mgnetic and electric fields upon: 

1) growth and development of the chick embryo; 2) early:Post-natal growth 

and development of the chick; and 3) growth of the sexually inm.ature bird. 

Jvngnetic fields at frequencies of 45, 60 and 75 hertz and electric 

fields at 60 and 75 hertz were used. The mgnetic fields were maintained 

at intensities of 1, 5, 8, or 30 gauss and the electric fields were main

tained at 1, 10 or 3600 volts per meter. Similar ELF fields were provided 

for continuous exposure of embryos and chicks throughout,the egg holding, 

incubation, and hatching periods and through the first four weeks of brooii

ing. 

Statistical analyses of the results of these studies. revealed that the 

ELF magnetic and electric fields tested had no significant or consistent 

effects on the following criteria used to evaluate the responses of embryos 

and chicles: , 

1. Hatchability of fertile eggs. 

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

3. Early post-embryonic grcwth (to four weeks ·of age). 

4. Learning and memory consolidation in the neo-nate chick. 

5. Growth and development of the inm.ature bird to. ten weeks of age. 

Analysis of carbon dioxide production data from a small number of 

embryos indicated that 5 gauss magnetic fields may lower metabolic activity. 

The study reported in Part IT resulted from this observation. 
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TECHNICAL D:IBCRIPl'ION OF THE WORK 

The work described in Part I of this re:port involved the cooperative 

efforts of the Department of Electrical Engineering which provided the special

ized instrumentation for producing, measuring, and monitoring the electric 

parameters used and the Department of Animal Science which was responsible for 

designing and conducting the experiments with the biological mterials de

scribed. 

The domestic fowl (Gallus domesticus) was the labor~tory test species 

used to evaluate the responses of birds to ELF electric and magnetic fields. 

This bird was chosen for several reasons: 1). it is closely related to several 

wild species (pheasant, grouse, quail, turkey) pf terrestrial non-migratory 

birds, widely distributed throughout the United States, which can be expected 

to reside in almost any area of the size envisioned by project SANGUINE; be

cause of its biological relationship to these wild species, many of the lab

oratory results with the fowl should provide reasonably precise predictions 

about the responses of their wild relatives; 2) the fowl is well adapted to 

a wide variety of laboratory environments and a great deal is known about its 

optimum requirements throughout its life cycle; 3) representatives of any 

stage of the life cycle of the fowl are readily attainable throughout the year . . I 

at low cost; 4) the small body size of the fowl and ease of maintenance either 

individually or in groups of any size simplify the construction of laboratory 

quarters designed for specific studies with this bird; 5) the embryonic de

velopment outside the body of the parent and the precocial nature of the chick 
I . 

provide unexcelled opportunities to study nany early developmental responses 

to a wide choice of variables;· 6) ovulation, oviduct function and social be-

- havior which change with reproductive activity provide criteria for readily 
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estimating reproduction and adult behavin, in birds. 

When these studies were proposed we weEe unaware of any concrete evi

dence which would allow a.n imrestigator to assume that the electric or mag

netic fields under consideration would have a pronounced effect on any spe@ 

cif'ic biological function in birds. Since Romanoff (10) cites several reports 

which indicate that tissue susceptibility to the effects of lethal substances 

is greatest in tissues having the greatest differentiation activity, the de

cision was me.de to concentrate our initial investigative efforts on the embryp 

and neo-nate chick. 

There are two periods during the development of the chick embryo during 

which im:,rtality is much higher than at other times. The first occurs three to 

five days after incubation begins and is believed to result from defective 

coordination of tissue functions during early differentiation. The second 

--

occurs during the last three days of incubation and is believed to be caused -

by defective functions associated with tissue changes required to make the 

transition from the fluid. environment within the egg shell to a terrestrial 

existence. The assumption was me.de that if ELF magnetic or electric fields 

would produce even small physiological changes in the differentiating tissues 

of the embryo, these changes would probably be reflected in readily measurable 

alterations in embryonic m:>rtality, rate of development, defects at hatching, 

post-natal development, or growth rate after hatching. 

OBJECTIVES 

The objectives originally ~reposed for this part of'_the research program 

were to evaluate the influence of ELF electric !3-n!f magnetic fields (45 and 75 

Hz with exposure at 1 and 10 v/m and 1.0 gauss) upon: -
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1. Growth and development of the chick embryo. 

2. Early post-embryonic growth, development, and behavior of the chick. 

3. The juvenile and adult bird. 

These objectives were later broadened to include the 60 hertz frequency 

in both the nagnetic and electric fields. In addition, magnetic field inten

sities of 5, 8, and 30 gauss were used as well as a 3600 v/m electric field 

at 60 hertz. 

~TERIAIS AND METH0OO 

1. Ml.gnetic and Electric Field Simulators 

The Department of Electrical Engineering provided the manpower and elec

trical equipment necessary to design, produce, measure, a.rid mnitor the required 

magnetic and electric fields for use in these experiments. This group designe4 

- and constructed the necessary mdifications in existing egg holding, incubation, 

and brooding facilities, and designed and collaborated in the construction of 

special egg holding, incubation, hatching and brooding eq~pment. The Univer

sity Engineering Instrument Shop built the special magnetic field and electric 

field simulators and associated items (feeders, waterers, etc.) needed for in

cubation, hatching and brooding the chicks. Photographs of the ELF magnetic 

and electric field.simulators used in the incubation and brooding periods of 

these studies appear in Figures 1 through 6. No photographs were made of the 

magnetic field coils and electric field capacitors used during the preincuba

tion holding periods. 

Four nagnetic field simulators were constructed similar to the one shown 

in Figure 1, and four electric field capacitors similar to the one in Figure 4 

were made to fit within the slightly mdified cabinets of two Jamesway M:>del 

- 252 incubators. Two ELF field simulators of each type were placed one above 

the other within each incubator. Since the four mgnetic field simulators were 
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alike, and the four electric field simulators were alike, any tw of each • 

type could be energized for replicate "treated" fields while the other two, 

without electrical inputs, could serve as replicate "control" environments. 

In practice, a top simulator was energized in one incubator and a bottom 

simulator was similarly energized in the other incubator. Because of their 

close proximity within the incubators, the mgnetic coils and the electric 

simulators were not energized at the same time; experiments with the mgnetic 

fields were conducted at different times than those which utilized the elec-

tric capacitors. 

The design of the ELF field simulators used in the incubators permitted 

regulation of the incubation environments (temperature, air flow, relative 

humidity, and egg turning) within the ranges customrily recommended for in

cubating chicken eggs. 

Magnetic and electric field simulators separate from the ones u~ed in -

the Ja.mesway incubators were constructed to accom::>de.te eggs during the hatch-

ing period and provide sufficient space for rearing chicks to four weeks of 

age (Figures 2, 3, 5, and 6). The mgnetic field hatcher-brooders were a.like 

in construction and were divided internally to allow continued separation of 

the replicated control and exposed groups. However, it was necessary to place 

both control groups in one coil while the exposed groups were hatched and reared 

in the energized coil. This procedure did not permit precise equalization of 

other environmental variables so it was not possible to statistically account 

for "hatcher-brooder differences'·'. Such differences were minimized as much as 

possibl~ by alternating the control and energized coils in succeeding experiments 

and by careful adjustment of the ther:ioostatic controls while nxmitoring tempera-

tures daily. 

It was possible to construct two ELF electric field hatcher-brooders in 

such a way that half of the control chicks and half of the treated (exposed) 
-
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chicks could be accomdated in each :ma.chine (Figure 5). Internally, the two 

cabinets used for these studies were divided both vertically and horizontally, 

providing four separate compartments in each. In each cabinet, two parallel 

' metal plates, one against an outside wall and the other along the center of 

the cabinet, formed the E-field capacitor. When the two plates were energized 

an appropriate electric field was created within half of each hatcher-brooder 

cabinet while the other half provided a control environment free of a measur

able electric field. Proper arrangement of the eggs in the E-field hatcher

brooders provided a continuation of the control vs.treated group replication 

which prevailed during the previous holding and incubation periods. 

Thermstatic temperature controls within each of the mgnetic and elec

tric field hatcher-brooders provided temperature regulation within acceptable 

ranges (individual cabinets could be regulated within approximtely 1°F of one 

- another). Relative humidity was elevated to approximately 75% at hatching 

time by placing glass water trays within each cabinet, and ventilation was 

regulated by mnual adjustment of air intake and exhaust ports. Incandescent 

bulbs provided similar illumination levels in each cabinet and food and water 

were provided to the chicks continuously in non-metalic containers. 

Prior to the placement of eggs in the :magnetic or.electric fields, and 

throughout each experiment, each field was continuously nnnitored with approp

riately placed probes to assure continuous exposure to uniform fields of the 

desired type. 

2. The Egg Supply 

Flock mated pens of White ~lymouth Rock (WPR), Rhode Island Red (RIR), 

and White Leghorn (fi) fowl were maintained at the R. I. Agricultural Experi

ment Station poultry farm as sources of fertile eggs for use in these studies. 

- Eggs from these birds were used because they could be readily identified and 
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handled by identical procedures from nest to incubator, thus improving the 

"control" of the experimental variables being tested. Except for the special 

mnagement considerations JIii.de necessary by the experiments, conventional 

flock nanagement procedures were followed for m.intaining the breeder flocks, 

and rearing the young birds. Rations1 formulated to meet· the ~utritional re-

' 
quire:ments of the type and age of chicken fed were provided for all the birds 

used in these trials. 

White Plym:>uth Rock eggs and chicks were used for m:>st of these studies 

for two principal reasons: 1) due to rapid growth post-hatching, it was be-

11,eved that this breed would provide a better indication of growth ef'f'ects 

due to environmental alterations than the slower growing R I Red and Leghorn 

breeds; 2) prior experience with lfPR chicks in nemry consolidation studies 

showed that this docile breed was well suited for this work. 

• 

F,ggs from R I Reds were used for one experiment because the chicks which -

hatched were intended for subsequent behavicral studies as adults and since 

their pedigrees were known, this fact was considered an asset to the interpre

tation of the results of those studies ( see Part !I).· 

Eggs from Leghorns were used only for the short-term carbon dioxide 
J 

studies in 'ibich embryonic data were gathered prior to hatching. The m.in rea

son for using these eggs was that they were slightly sm.ller than the WPR eggs 

and so could be used in the cylindrical ( 1. 75 inch dianeter) respiration cham

bers available. 

3. Coding of Experiments 

Early in the period covered by this i,epor:t it became apparent that the 

1Chicken and Turkey Rations, 1972. Practical formulas reconmended by the 
New England College Conference Board, based on experimental work in New 
England. Coop. Ext. Serv.; URI, Kingston, Rhod~ Island, 02881. -
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- number and variety of trials contempiated would require a system by which the 

data from each could be easily identified. Therefore, the experiments were 

numbered consecutively; those which involved magnetic fields were given the 

prefix letter Mand the electric field experiments were designated E. Tables 

1 and 2 show the identifying setting codes, the breed of bird used, the field 

frequency and strength, the setting and hatching dates, and brief comments 

about the experiments. In each trial, equal numbers of control and exposed 

eggs were used and they were further identified, for data analysis, by field 

position, incubator, and hatcher-brooder compartment used. 

4. Egg Handling Procedures 

All eggs collected daily from the breeder pens were placed in an egg 

holding room where they were maintained at approximately 60-?0°F and 60-8~ 

relative humidity until sufficient numbers were available for a complete set

.ing. 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 a:rter delivery to the ~olding 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. 

Arter the first four trials (M-1, 2, 3, and 4) the holding procedure 

was modified in an attempt to more closely approximate natural conditions where

in wild Galliformes usually lay one egg daily (until a clutch of 10 or more is 

laid) prior to the onset of broodiness (when incubation begins). Assuming that 

such wild birds would be nesting in the vicinity of the SANGUINE antenna system, 

it was considered important to subject our eggs to the experimental ELF fields 

-during the holding period.- Appropriate magnetic and electric field sinru.lators 

.. '· 
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were constructed and all treated eggs used a:f'ter M-4 were continuously exposed 

to the desired test field a:f'ter 24 hours following oviposition. 

When enough eggs had been collected for a complete setting, they were 

identified as to treatment and candled to allow remval of cracked or porous 

shelled eggs which would be uasuitable for hatching. The re:mining eggs were 

then sorted in such a way that equal numbers of eggs of each age occurred in 

each field simulator and in the same relative position within each simulator. 

This was accomplished by dividing each mgnetic field cylinger into two 16-

egg end zones and f011r 14-egg internal zones, and by subdividing each of the 

four electric field capacitors into six 16-egg zones. 

Arter 18 or 19.days of incubation, all eggs were remved from the in

cubators, candled to allow removal of infertile eggs and dead embryos, and 

the eggs containing living embryos were transferred to appropriate hatcher-

• 

brooder compartments which were subdivided to allow continuation of the in- -

cubator setting zone designation through the hatching period. On the 22nd day 

a:f'ter setting, the chicks were wing banded for identification, those which had 

been incubated in the incubator field end zones were reDDVed, dead embryos were 

remved and saved for observation, and all other chicks from the internal uni

form field zones were returned to the field simulators where they were continu

ously exposed to the test field until they reached four weeks of age. 

While the data were gathered on the embryos and chicks which had been 

incubated and hatched in the end zones of the :mgnetic and electric fields, it 

was established that the energized fields were less uniform in these areas than 

throughout the internal zones. Therefore, the data from these eggs were not 

analyzed, the chicks were reIOOVed from the hatcher-brooders a:f'ter hatching, and 

the chicks were reared in conventional floor pens. Comparisons between these 

chicks and the controls reared to four weeks in the un~nergized field simulatore 

indicated how the environments of the latter affected the chicks even in the 

\ 
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- absence of the ELF radiation. 

-

In all the trials conducted af'ter M-4, af'ter the ex::posed and control 

chicks had been reared for four weeks in the hatcher-brooders, all were trans

ferred to a conventional brooder house where they were placed together and 

reared on litter until ten weeks of age, free from exposure to unusual nag

netic or electric radiation. In experiment M-4, only half of the chicks were 

transferred to fl.oor at four weeks · of age; the other half were continued in 

the magnetic field simulators to evaluate the effects of crowding on such birds 

as well as to give them mxi.mum (time) exposure to the field. :Mmagement con

siderations dictated that eight weeks was the :maxi.mum age at which a practical 

number of birds could be maintained in the compartments and the remaining birds 

were transferred to floor pens at that time. Sexes were determined at ten 

weeks of age when final body weights were taken. 

Af'ter the M-4 hatch which was reared to :rmturity for use in the adult 

behavior study, (Part II), chicks were removed from the ELF field simulators 

at four weeks of age because it was considered m::,re important to use the fields 

for a greater variety of studies than to limit their use to a small number of 

longer-term studies. In addition, the s:rmll number of birds which could have 

been acconndated beyond four weeks of age would have seriously diminished the 

value of the data obtained. 

5. The Chick Peck Test 

The chick peck test reported by Cherkin (1) and used satisfactorily in 

this laboratory on other occasions (unpublished) was used to evaluate the 

influence of electric and mgnetic fields upon learning and mem::,ry consolida

tion. It was assumed that if the continuous field exposures had affected the 

development of the central nervous systems of the chicks, this would have 

-been reflected in a change in the chickff ability to consolidate a learning 

., 
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experience. 

The chick peck test for memory consolidation was performe_d on 64 rep

resentative chicks; in each trial 3~ were from the energized simulators, and 

32 were from the control simulators. The test was generally started when the 

chicks were five to seven days of age, and completed 24 hours later. On the 

two days when the test was conducted, the chicks were moved in groups of four 

to open-topped chick shipping cartons with holes approximately½ inch in dia

meter in the sides. The exposed and control chicks, which had been previously 

banded for identification, were randomly mixed so that the origin of each chick 

tested was not known until the test was completed. 

Each chick was then offered a piece of clear polyethylene tubing (0.07 

inches in diameter and 10 centimeters long) which was placed through the holes 

in the chick carton. This piece of tubing served as a target object which was 

presented for a 10 second period. If the birds did not peck, this was record-

ed. This procedure was repeated three times for each chick to be sure the 

chick would peck an object offered. If a bird refused to peck af'ter the three 

presentations, it was placed back into the appropriate hatcher-brooder and a 

replacement bird was selected. 

Eaeh chick was then challenged three times w1 th an exact duplicate of 

1 
the tube, this time coated with methyl anthranilate , a veey distasteful sub-

stance. Af'ter a 24-hour consolidation period, the chicks were a.gain presented 

with the uncoated tube and those which pecked the tube were noted. (Pecking 

of the uncoated tube indicated that the bird had failed to consolidate the 

learning experience of avoiding the distasteful tube) • A totally different 

object, a bright metal fitting, was then presented to ensure that the methyl 

1Available from the Aldrich Chemical Company, Inc., Milwaukee, 
Wisconsin. 

-
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- anthranile.te had not affected the chicks' pecking inclination, and also to 

determine that they had not acquired a general avoidance response, Birds 

not pecking the bright object were again recorded. After t_he tests were 

completed, all birds were returned to their respective hatcher-brooder units 

where electric or mgnetic field exposure was continued. 

Body Weight 

To investigate the effects of the various ELF electric and nagnetic 

field exposures upon early post-embryonic growth and growth and development 

of the sexually inllmture bird, body weight records were mintained. The 

same procedure for collecting this data was followed for all electric and 

magnetic field hatches.' At 24 hours post-hatching, all birds were rem::,ved 

from the hatcher-brooder units, banded for identification, and weighed (in 

- grams) as groups. Individual body weights were thereafter determined at 1, 

2, 3, 4, 6, 8 and 10 weeks for most of the experiments. 

Feed records were kept for all groups of birds, but due to deficien

cies in the design of feeders for use in the hatcher-brooder units, the 

figures obtained on feed consumption were unrealistic. Feed and water were 

provided ad libitum, with sufficient quantities being ma.de available to all 

birds. 

6. Carbon Dioxide Production of Embryos 

After co-workers in the Department of Animl Pathology found strong 

indications in their data that magnetic fields of 60 and 75 Hz and 5 gauss 

would affect growth rate of chick embryo cells in vitro, (Part III), it was 

decided to try to measure the effects of similar fields on the intact embryo. 

Three studies (M-8, M-9, and M-10) were ma.de in which fertile eggs 

- were continuously exposed, during holding and incubation, to a magnetic field 

intensity of five gauss at frequencies of 60 (M-8 and ~-10) or 75 (M-9) hertz. 
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The procedure for exposing these eggs during the holding and incubation periods

was the same as that previously described for the remining mgnetic field 

studies, except as noted below. 

In order to evaluate the metabolic responses of intact embryos to con

tinuous mgnetic field exposure, carbon dioxide production of 12 and 13 day 

old embryos was measured. It was presumed that if mgnetic fields accelerated 

or depressed embryonic growth, this would be reflected indirectly by increas

ing or decreasing the e.m:>unt of CO produced in the exposed eggs over that 
2 

produced by controls. 

1 An electronic gas analyzer and respiration chambers were used to eval-

uate metabolic responses of embryos to the magnetic fields. This equipment 

provided for continuous monitoring of co2 production by the embryos, and thus 

provided the indirect means for estimting metabolic activity. At 12 days of 

incubation, eggs to be tested were rem:>ved from the incubators, candled to re- -

veal the presence of an embryo, and identified for subsequent embryo observa-

tion. They were then placed in pairs into plastic respiration chambers con

nected :to the infrared co2 analyzer. After recording co
2 

production, the 

eggs were returned to the mgnetic field or control coils for continued devel

opment 'fo 13 days. The same procedure was followed on day 13, using similar 

but different eggs from the same exposed and control groups. 

After CO
2 

records were mde on day 13 of incubation, the eggs used that 

day and those used on day 12 were refrigerated to arrest development until 

they could be opened for embryo observation. Upo~ opening each egg tested, 

the embryo was caref'ully observed to determine whether or not it had been alive 

at CO2 recording time. If this observation, together with the CO
2 

output record 

indicated that the embryo had been dead at recording time, the CO
2 

data for that 

. . . -
1Beckme.n, M:>del IR 315, a product of Beckman Instruments, Inc., 
M:>untainside, New Jersey. 

7 
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- pair were discarded. Embryos which appeared norml were separated from their 

extra embryonic tissues and egg contents, and weighed to enable the calculation 

of CO
2 

production per kilogram of body weight per hour. 

-

7. Data Analyses 

All experiments conducted during the course of these studies were de

signed to allow statistical analysis of the results. The analyses were mde 

on an IBM 370 digital computer at the University of Rhode Island Computer Center. 

_The following items on each bird used in the growth studies were placed 

on IBM punch cards: 

1. Band number of bird 

2. Incubator coil 

3. Incubator zone 

4. Sex of bird 

5. Week of transfer to floor pens 

6. Body weights at 1, 2, 3, 4, 6, 8, and 10 weeks 

The IBM cards were verified.and later the data were analyzed on electronic data 

processing equipment. No card was punched for birds that had died before four 

weeks. 

Hatchability, embryo DDrtality, and peck test data were tested for sig

nificant differences between controla and exposed groups by applying the Chi

square (Lentner, 3) analysis. In the CO
2 

study, differences in CO
2 

production 

and body weights were analyzed by using Student 's-t statistic (Ostle, 7). 

All data from replicate groups in the incubators and hatcher-brooders 

were combined for analysis after the Student-t test was used to compare means 

of the replicate groups, and no significant differences were found. 
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ImlULTS AND DISCUSSION 

Table .1 shows the yarious frequencies and intensities of the experiments 

concerning mgnetic field exposures of eggs and chicks. Similar informtion is 

contained in Table 2 for the electric field exposure experiments. Reference 

should be nade to these tables for explanation of the setting cod.es used for 

the treatment groups in several of the data tables that follow. 

1. Magnetic Field Exp>sures 

Hatchability 

Bight hatcbability studies were conducted in which developing chick em

bryos were exposed to various extremely low frequency nagnetic fields through 

the holding period and 21 days of incubation. The :rmgnetic field intensities 

• 

used in these experiments were 1, 8, or 30 gauss at frequencies of 4$, 60, or -

75 hertz. 

The criterion used for the measurement of hatcbability in this study was 

the number of chicks batched from the total number of fertile eggs set for in

cubation. Fertility was determined by visual examination of clear ( candled) 

eggs opened after 18 days of incubation. 

Table 1 shows the con;,arisons of the total number and percentage of 

fertile eggs hatched between eggs exposed to the various nagnetic fields and 

control eggs. Chi-square analyses of the differences in the numbers of chicks 

hatched in the exposed and control groups indicated no biologically significant 

differences due to na.gnetic field exposures. In the one test where statistical 

significance was shown ( M-1, 45 Hz at 1 gauss), it was considered probably due 

to chance since it occurre~ only once in eight trials. 

It will be noticed in the Eggs Set column of Table 3 that the numbers of -
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- eggs used varied in several experiments. Actually, identical numbers of eggs 

were set. Some, however, were not considered in the data for reasons of egg 

breakage in handling (M-6), or equipment failures during incubation (M-3). 

In this latter experiment, two of the pins engaging the incubator turning 

shaft sheared, and half of the control and exposed eggs were lost. For ex

periments M-11 and M-12, the previously mentioned "buffer zone" eggs were 

decreased from 32 to 24 in each coil after measurements revealed that the 

region of the uniform field intensity within the coils extended well into the 

"end zones". Since the decision to call the 16 eggs at each end of the coils 

"buffer zone" eggs was made arbitrarily, and since observations from the pre

vious experiments had revealed no significant differences in "buffer zone" 

hatchability, onlyl2 eggs at the ends of the coils were considered as such 

for these two experiments. This allowed for larger numbers of eggs to be 

-used for the desire~ comparisons. 

It should be pointed out that data in Table 3 show low percentages of 

hatchability in some experiments when compared to commercial expectations. 

Since both the exposed and control groups in these experiments exhibited poor 

hatchability, these low figures can be attributed to flock or environmental 

conditions that are known to influence hatchability<. 

Carbon Dioxide Production Studies 

Three carbon dioxide production experiments were conducted on embryos 

exposed to a 5 gauss ma~etic field at 60 or 75 hertz. The data from these 

studies were summa.rized and the differences between contr.ols and exposed are 

compared in Table 4. 

These data indicate that continuous exposure to the 5 gauss mgnetic fields 

-lowered CO2 production of 12 and 13 day embryos. This was interpreted to mean 

that embryonic tissue growth was ret~rded by the fields. Although the differ

ences were not significant in every comparison, examination of the means in 
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each trial show a consistent trend of the exposed embryos having been retarded. 

When comparing the means of the exposed and control groups for.the in- • 

dividual experiments by days, another consistent trend was found. These com

parisons show that by the thirteenth day, in all cases, differences between 

the mean value of the exposed embryos and controls had diminished. 

It is not intended to place undue confidence in the results of these 

CO
2 

production studies. Before any definite conclusions can be drawn from 

these results further work must be done in this area. Due to time limitations 

placed on this study, o~ these three pilot experiments were conducted, at one 

nagnetic field intensity, Furthermre, small sample sizes were used in these 

studies and no means was available to allow for the elimination of dying em

bryos from the data, which nay have given unrealistically low co
2 

readings. 

These observations fortified the belief that further experiments along 

these lines are justified and led to the study reported in Part 'IV. 

Embryo M:>rtality 

Embryonic deaths by incubation period were recorded for all eggs that 

were exposed to magnetic fields during the holding and 21-day incubation periods. 

Similar data were also collected for the appropriate control eggs. A sUIIIII8ry 

and comparisons of the data gathered for each experiment appear in Table 5. 

Chi-square analyses of the total numbers of embryonic mrtalities and 

chicks hatched failed to reveal any significant differences amng controls and 

exposed embryos due to the magnetic field exposures. Examination of the data 

in Table 5, collected by incubation period, fail to show any trend in the num

bers of embryonic deaths for exposed embryos being higher than the number for 

controls. In mst cases piak embryonic mrtality fell within the two peak 

periods expected for any group of eggs incubated. The only exception to this 

was treatment group M-12, where both the control and exposed groups show an -

exaggerated mid-incubation mrtality peak. This was attributed to unknown 
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• environmental or flock variables that my have affected the embryos before 

incubation. 

Peck Test 

Generally, 64 representative chicks, half from the magnetic field 

hatcher-brooder simulator and the reminder from the control hatcher-brooder 

unit, were selected for the chick peck test trials. The peck scores and 

comparisons of·the scores of control and exposed chicks are presented in 

Table 6. Where the number of chicks tested in an experiment varied from the 

number just mentioned, it was caused by a loss of subjects due to equipment 

failures during incubation (M-3) or low hatchability of eggs set. 

Chi-square analysis revealed that the magnetic field exposures did not 

significantly affect the chicks' ability to consolidate a learning experience 

compared to that of the controls. The significa:r:ice shown in the M-7 experi

ement was probably due to chance since it happened only once in eight experi

ments. 

Earlier experience had shown that the eagerness of chicks to peck at the 

tube used to test for memry consolidation was related to the age at which the 

chicks were subjected to the learning experience (Durfee and Plante, unpublished). 

The younger the chicks were when tested, the mre eager they were to peck at the 

tube they had learned to avoid. 

The data obtained in the present study appear to substantiate these pre

vious findings. The chicks used in the earlier magnetic field exposure studies 

(M-1 through M-6) were tested at five to seven days of age, while the chicks 

tested in the later experiments (M-11 and M-12) were done at three to five days 

of age. The number of pecks by birds test-ed at these different ages differs 

tremendously (Table 6). The change in the age at which the peck tests were 

-onducted for the different experiments was due to time restrictions on the 
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scheduled test day. Since the tests on the control and exposed chicks, with

in each trial, were conducted at the same age, the comparisons were considered 

valid, however. 

Body Weight 

· Individual body weight data were collected for all except three of the 

nagnetic field exposure experiments in which eggs were exposed to the fields 

during holding and full incubation. The exceptions to this procedure were the 

M-1, M-2, and M-3 experi:aents. For these first three experiments, data were 

collected on the eggs and chicks only through compl~ion of the peck test. 

Body weights were not recorded for the chicks in these three experiments. 

In all experiments for which body weight data were collected, group 

• 

weights of the control and exposed chicks hatched were taken at 24 hours _a:f'ter 

hatching (22 dqs a:f'ter setting). Comparison of the mean body weights using 

Student 's-t test (0stle, 7) revealed that there were no significant differences e 
between the control and exposed groups. This indicated that nagnetic field ex

posure. of developing embryos (throughout holding and full incubation) and ex

posure of the chicks at hatching and through 24 hours post-hatching, had no 

effect on the body weights o! neonate chicks at the field intensities used. 

Generally, individual boczy weights were therea:f'ter recorded at 1, 2, 

3, 4, 6, 8, and 10 weeks post-hatching. ·Ex~!eptions to this weighing regimen 

are noted in the data tables that follow. At 10 weeks post-hatching, sex was 

determined and recorded for each bird. This was done for two reasons: 1) it 

was known that by two to three weeks of age male birds of the breed used (White 

Pl:ymuth Rock) began to grow Dr:>re rapidly than feDBles, and therefore comparing 

the mean body weights by sex w1 thin each experiment allowed for Dr:>re precise 

comparisons of the data; 2) data collection·by sex allowed for investigation 

of a possible sex-dependent growth effect due to the ELF magnetic fields. -
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• All data collected were statistically analysed using Student' s-t test to 

compare the mean body weights of control and eXJ)osed birds by sex. It can be 

noted in the tables that follow (Tables 7 through 11) that some of these data 

have been omitted. This was done since no group showed a significant or con

sistent difference, between controls and exposed, due to the mgnetic field 

:parameters investigated. 

Only data from the mst important periods of body weight data collection 

have been presented. These periods were considered to be 1, 4, 8, (M-4 only), 

and 10 weeks post-hatching. Consistent differences in mean body weights of 

controls and exposed at one week would have indicated an effect due to the 

fields on early growth and development of the chick. Differences observed at 

the end of four or eight weeks (M-4 only), of continuous exposure to the fields 

were also included. Data collected from the last '}'Teighing period af'ter reliX>val 

- from the fields appears in the tables. 

Examination of the body weight data presented in Tables 7 through 11 lead 

to the conclusion that the nagnetic fields used had no significant or consistent 

effect on the growth of mle or femle chicks. Any differences shown to be sig

nificant by statistical analysis were attributed to normal variation or differ

ences in the number of birds housed in the control or mgnetic field simulators 

which caused crowding. 

These results do not confirm those reported by Giarola ( 2), who reported 

a consistent and statistically significant depression in growth of chicks ex

posed to 1.4 or 1.2 gauss at 45 or 60 hertz from one day of age through 28 days. 

Since our studies used comparable frequencies (45, 60, 75 hertz) and even higher 

mgnetic field intensities (8 and 30 gauss), we should have observed similar re

sults. However, the study by Giarola (2) was conducted using quite different 

-procedures than those reported ·here. The ;nagnetic fieldsused by Giarola, et al. 
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were created in metal brooder cages and the birds were not exposed to the fields. 

before hatching. 

To ensure that the chicles used in the present studies were subjected to 

precisely defined magnetic fields, speciall:y designed and constructed units 

( described earlier) were used to house the chicks through four weeks. This 

resulted in the rearing of chicks for this study in quarters which may have 

been less than optimum for gwowth of chicks. This trade of a nornal environ

ment for the increased accuracy of the treatment parameters was considered 

mre acceptable than the alternative in order to fulfill the objectives of this 

study. The result of the decision to conduct the study in this mnner was that 

body weights of birds used were mch lower than those found in norml broiler 

flocks. This was considered acceptable for three reasons: 1) adequate control 

subj~cts reared under identical conditions were mintained for each experiment, 

thus allowing for valid statistical comparisons of body weight data to be mde; -

2) the study was not intended to dem::mstrate an alternative growing scheme for 

brQilers, but rather to establish biological effects of EIF fields on chicks; 

3) the results obtained from these studies my be extrapolated elsewhere for 

estimting the effects of similar mgnetic fields on wild birds, which also are 

not always exposed to optiml growth environments, in the intended SANGUINE 

locality. 

The mjor drawback of rearing the birds in the me;netic field and con

trol simulators was that crowding occured as the birds grew. Smiler numbers 

of birds could have been used to overcome this effect, but requirements for 

statiriical analysis seemed to justify the us.e of larger numbers of birds. 

2. Electric Field Exposures 

Hatchability 

During the cCYUrse of this investigation, six hatchability studies were -
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- conducted in which developing chick embryos were exposed to various extremely 

low :f'requency electric fields through the holding period and 21 days of in

cubation. The electric field intensities used in these experiments were 1, 

10, or 3600 volts per meter at frequencies of 60 or 75 hertz. 

Table 12 shows the comparisons of the total number and percentage of 

fertile eggs hatched between eggs exposed to the various electric fields and 

control eggs. Chi~square analyses of the differences in the number of chicks 

hatched in the exposed and control groups indicated that there was no sig

nificant effect due to the electric field exposures. These results are in 

agreement with those reported by Krueger (3), who found no effect on hatch

ability due to ELF electric field exposures similar to those reported here. 

As previously discussed, some of the hatchability percentages obtained 

for the present experiments were low when compared to commercial expectations. 

-This unusually low hatchability was nnre evident in E-7. Since both exposed 

and control groups showed poor hatchability, the experiment was repeated as 

E-8. In the second trial, the egg collection procedure was changed so that 

eggs were collected three or m:>re times daily :f'rom the pens. Since very cold 

weather prevailed during the collection period, (Table 2 ) , apparently the 

chilling of eggs left in the breeder pens affected the viability of the embryos 

in the E-7 experiment. The m:>re frequent collection and remval of eggs to the 

holding facility for the E-8 experiment resulted in a greatly increased percent

age of fertile eggs being hatched. No records were kept on the E-8 experiment 

after the hatchability data were recorded. 

Embryo r.brtality 

Embryonic deaths were recorded for all controls and eggs exposed to 

electric fields during the holding and 21. day incubation periods. A summary 

eand comparisons of the data collected for each experiment appear in Table 13. 
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Chi-square analyses of the total numbers of embryonic mrtalities and 

chicks hatched failed to reveal any significant differences amng controls 

and exposed embryos due to the electric field exposures. Examination of the 

mrtality data in Table 13, collected by incubation period, failed to show 

any changes in the distribution of embryonic deaths which could be attribut

ed to the E-fields. 

Chick Peck Test 

The same test procedures for evaluating memry consolidation as was 

described for birds in the magnetic field exposure experiments were used • 

for birds hatched in the electric fields. The peck scores and comparisons of 

the scores of control and exposed chicks are presented in Table 14. Chi-square 

• 

analysis of the data revealed that electric field exposures did not significant

ly affect memry consolidation in the chicks. 

Body Weight -Individual body weight data were collected for the electr-ic field exposure 

experiments in which eggs were exposed to the fields during holding and full in

cubation. The only exception to this procedure was experiment E-8 which was 

terminated after hatching. 

Comparison of the mean group post-hatching body weights using the t-test 

revealed that there were no significant differences between the controls· and 

electric field exposed groups. This indicated that electric field exposure of 

developing embryos (throughout holding and full incubation) and exposure of the 

chicks at hatching and through 24 hours post-hatching, had no effect on the body 

weights of neonate chicks at the field intensities used. 

The same regimen described for magnetic exposure experiments was followed 

for gathering weekly individual body weight· data in these trials. Body weight 

data were collected only until four weeks for experiments E-5 and E-7, but sexe~ 
I 
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-of birds in all experiments were obtained. Weekly body weight data were 

analyzed, but since differences between the exposed and control groups were 

either insignificant or inconsistent, only the data at 1, 4, and 10 weeks of 

age were tabulated. 

Examination of the body weight data presented in Tables 15 through 19 

lead to the conelusion that the electric fields used had no significant or 

consistent effect on the growth of :rmle or female chicks. Arry differences 

shown to be significant by statistical analysis can be attributed to normal 

variation or differences in the number of chicks housed in the control or 

electric field simulators which caused crowding. 

These results also fail to support the conclusions of Giarola (2), who 

reported on a study with comparable electric fields. They reported a 5% 

reduction in body size for birds exposed to 3400 and 3600 volt per meter 

-electric fields at frequencies of 60 and 45 hertz when compared to controls. 

Our experiment with similar electric field pa~•meters (3600 volts per meter 

at 60 hertz) showed no significant mean body weight differences between ex

posed and control chicks. 

Several differences in the designs of the experiments for these two 

studies nay have accounted for this difference in results. In the study by 

Giarola (2), birds were exposed only from one day of age through 28 days. 

Developing embryos were not incubated in the electric fields as they were in 

the study reported here. In the former study, birds were housed in metal 

cages which provided mre space a:t the expense of uniform electric fields 

(stated to have variations of up to 10~). In the present study, spacially 

optiml growth conditions my have been sacrificed for more uniform and re

liable fields. 

- Justification for the design of the study reported here for ELF electric 
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field exposures was based on the same rationale presented earlier for the 

mgnetic field experiments. 

CONCLUSIONS 

The results of these studies suggest that continuous exposure of fertile 

eggs, embryos, and chicks to ELF mgnetic and electric fields, at the inten

sities and frequencies imrestigated, have no effect on the developing embryo 

and chick of the domestic fowl sufficient to cause consistent or significant 

changes in the following: 

1. Hatchability of fertile eggs. 

2. Survival during the m:>st critical stages of embryonic development. 

3. Early post-hatching growth and development. 

4. Memry consolidation in the chick. 

5. Growth and development of the sexually· iJD11Bture bird. 

More sophisticated studies are needed to evaluate the influence of ELF 

mgnetic fields upon chick embryo metabolism. 
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Figure 1. Magnetic field simulator (1 of 4) for incubating eggs. Controlled 
electrical input through the copper windings on the outer cylinder pro
vided the desired magnetic fields. Eggs ( 88) pla.ced in the inner, move
able, perforated cylinder were automatically turned by connections to the 
incubator turning shaft. The uniform magnetic field extended from the 
center of the cylinder to within 4 cm. from each end. 

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

- Figure 3. A closer view of the 20" x 26" plastic chick compartment showing 
plastic grid bottom and plastic feed tray. Magnetic fields were uniform 
in the chick areas. 
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Figure 4. Electric field simulator (1 of 4) designed for use in a Jamesway 
mdel 252 incubator. Uniform fields were produced by energizing the bronze 
screening above and below the eggs. The moveable egg cradles, connected to 
the incubator turner, provide automtic egg rotation. Each cradle holds 24 
eggs; each simulator holds 96. 
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Figure 5. _· Electric field simulators used tor hatching and brooding chi.cka 
through tour weeks. Four plastic chiclt compa.rtmrrts are shown 1n place 
1n one ot the two ll,eated E-field chc.nbe:rs. Each chamber. is ~itio~d 
vertically with a solid metal plate. Chicks 1n bath cemj,u1;•rrta on ,a 
aide. were exposed to a uniform elect;ric field wile thodet 011 .tile o1dier ' 
side (control) were not. ~e ~r (r~) -uao cloo~d d'm'~ ~n.ti•L 
four incandescent bul'ba on tho door J'1'0rl.clad Ul~1~ cml1.'• . - : ( :.-' ·. ·-
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Figure 6. 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, piastic grid base (droppings pass through to plywood tray beneath). 
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Table 1. SUMMt\RY OF M\GNETIC FIELD EXPOSURE SETTINGS 

-Setting 
Code Breeda 

M-1 WPR 

"M-2 WPR 

"M-3 WPR 

M-4 RIR 

M-7 WPR 

M-8 WPR 

M-9 WL 

M-10 WL 

M-11 WPR 

M-12 WPR 

Treat~ntb Date Set 

45 Hz@ 1 gauss 4~4-72 

60 Hz@ 1 gauss 4-24-72 

75 Hz@ 1 gauss 5-15-72 

45 Hz@ 8 gauss 6-7-72 

75 Hz@ 8 gauss 12-18-72 

60 Hz @ 8 gauss 1-22-73 

Date 
Hatched Comments 

4-25-72 Used for peck 
test 

5-15-72 Used for peck 
test 

6-5-72 Used for peck 
test 

6-28.;.72 Known :pedigree; 
used in adult 

behavior 
1-8-73 

2-7-73 

60 Hz@ 5 gauss 6-11-73 6-14-73 CO2 @ 10-14 days 
( last reading) 

75 Hz@ 5 gauss 6-18-73 6-21-73 CO
2

@ 10-14 days 
( last reading) 

60 Hz@ 5 gauss 6-25-73 6-28-73 CO2 @ 10-14 days 
( last reading) 

6o Hz@ 30 gauss 8-30-73 9-20~73 

75 Hz@ 30 gauss 10-10-73 10-31-73 Omphalitis (high 
Jll'.>rtality) 

a WPR = White Plyrouth Rock 
Rm= Rhode Island Red 
WL = Single Co:cl> White Leghorn , 

b Treatment column indicates the frequency in hertz {Hz) and the 

magnetic field intensity in gauss. 
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Table 2. SUMMARY OF E!.EX;TRIC FIELD EXPOOURE SEI'TINGS 

Setting 
Treatmentb 

Date 
Code Bree~ Date Set Hatched Comments 

E-3 WPR 75 Hz; 10 v/m 6-25-73 7-16-73 

' ·E-4 WPR 60 Hz; 10 v/m 8-6-73 8-27-73 Old hens, low 
fertility 

E-5 WPR 60 Hz; 1 v/m 9-17-73 10-8-73 

WPR . 75 Hz; 1 v/m 10-29-73 11-19-73 

E-7 WPR 60 Hz; 3600 v/m 12-17-73 1-7-74 

- E-8 WPR 60 Hz; 3600 v/m. 2-8-74 3-1-74 Repeat of E-7 

a WPR = White Plynouth Rock ··· 
b Treatment column indicates the frequency in hertz (Hz) and the 

electric field intensity in volts per meter (v/m) • 

• 
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• -TABLE 3 

COMPARISON OF HATCHABILITY OF FERTILE EGGS S:E.~ BETWEEN CONTROI.S AND ·:roGS EXPOSED 
TO VARIOUS MAGNETIC FIELOO DURING THE HOLDING AND INCUBATION PERIOOO 

Setting ·Treatl:lent No. Of Total 
1 

Chicks Hatched Chi-square 
Code Group Eggs Set Fertile No. 'lo Value (D.F.=1) 

M-1 
Exposed 112 103 94 91.3 4.557* Control 112 110 88 Bo.o 

Exposed 112 110 73 66.6 
M-2 Control 112 112 87 77.7 2.990 

Exposed 55 51i 44 81.5 
M-3 Control 56 56 42 75.0 0.350 

Exposed 112 1o6 77 72.6 
M-4 Control 112 l05 79 75.2 . 0.074 

Exposed 110 82 62 75.6 
M-6 Control 112 86 64 74.4 0 

Exposed 112 110 87 79.1 
M-7 Control 112 108 90 83.3 0.395 

~-ll 
Exposed 128 71 50 70.4 

0.003 
Control 128 79 57 72.2 

Exposed 128 119 71 59.7 
o.849 M-12 Control 128 113 75 66.4 

I Number and percent of total fertile eggs hatched. 
* Significant at the five percent level of probability. 

H 

w 
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TABLE 4 

COMPARISON BETWEffi MEAN CO2 PRODUCTION (l!'l.1. co2/1qr,/hoo:rs) OF CONTROLS AND EMBRYOS EXPOSED TO 

A 5 GAUSS ?IAGNEI'IC FIELD THROUGH -12 A?lD 13 DI\ 'YS OF DEVELOPMENT 

Number of ml C02[kg EmbrioLhr Degrees Of Student-t 

12 Day Embryo Pairs Mean Std. Dev. Freedom Statistic 

M-8 :t-agn~tic1 7 565.67 44.15 4.7()¾'-* 
M-8 Control 7 667.71 36.76 12 

M-9 ~gnetic2 12 610.84 37.08 19 3.38** 
M-9 Control 9 677.23 52.57 

M-10 Mlgnetic1 12 617.68 60.62 20 1.90 
M-10 Control 10 678.15 86.80 

13 Dey 

1 8 809.91 61.60 M-8 l>ngr.etic 14 2.87* 
M-8 Control 8 888.45 46.03 

2 11 811.98 . 77.23 M-9 :t-ngnct ic 21 1.47 
M-9 Control 12 908.33 33.64 

M-10 :?l.agnetic1 12 980.47 48.96 
M-10 Co11trol 11 lOOlt. 59 48.14 21 1.19 

1 At a frequency of 60 he:rtz. Egg positions reversed in incubators in M-10. 
2 At a frequency of 7? hertz. . 
* Significant at the five :percent level of :probn.bility. 

** SienifJ.co.rrt at the one percent level of pro·D<tbility. 

-
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Setting 

Code 

M-1 

M-2 

M-3 

M-4 

M-6 

. M-7. 

M-11 

M-12 

-TABLE 5 

COMPARISON OF M>RTAL.1:TY BY INCUBATION PERIODS B:m'WEEN CONTRO!S AND EMBRYOS 
EXPOSED TO VARIOUS ¥AGNE'l'IC FIELOOa 

Treatm?nt Chicks M::>rtality S-J Incubation Period (Days) Chi-square 
Group Hatched 1-7 7-14 ·14-21 Value (D.F.=3) 

Exposed 94 7 0 2· 
6.891 Control 88 12 2 8 

Exposed 73 13 6 18 
Control 87 15 2 8 7.197 

Exposed 44 4 0 6 
Control 42 5 0 9 0.721 

Exposed 77 15 1 13 
Control 79 13 1 12 0.2o4 

Exposed 62 11 1 8 
Control 64 11 0 11 l.4ll 

Exposed 87 6 2 15 
0.981 ~ontrol 90 6 1 11 

Exposed 50 11 6 4 
Control 57 6 15 1 7.179 

EKpoEed · 71 12 20 15 
Control 75 7 l8 13 1.566 

8 No significant differences in totnl nx>rtaHties over the 21 day incubation period. 

-

H 

LA.> 
\0 



• 



Setting 
Code 

M-1 

M-2 

M-3 

M-4 

M-6 

M-7 

M-11 

M-12 

-TABIB 6 

COMPARISON OF PECK TEST SCORES BETWEEN CO!l'TROI.S AND CHICKS CONTINUOUSLY EXPOSED 
TO VARIOUS M\GN:m'IC FIELDS T}ffiOUGH INCUBATION AND HATCHING 

Treatm:mt Chicks No. Cf No. Of Chi-square 
Group Tested Present.at ions Pecks · Value (D.F.=1) 

Ex:posed 31 93 2 
Control. 32 96 5 0.529 

Exposed 32 96 42 
Control 28 84 39 0.044 

Exposed · 10 30 9 
Control 7 21 8 0.091 

Exposed 31 93 16 
3.307 Con-l;rol 25 75 5 

Exposed 27 81 27 
1.316 Control 17 72 17 

Exposed ·32 96· 69 
25.621* Control 32 96 33 

Exposed 32 96 78 
1.756 Control 31 93 67 

Exposed 32 96. 67 
0.214 Control 32 96 63 

* Significant at the one percent level of probability. 

-
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TABLE 7 a. 

COMPARISON BETWEEN MEAN BODY WEIGHTS OF CO!ITROLS Arm BIRDS EXPOSED TO A llAGNETIC FIELD OF 

8 GAUSS AT 45 HERTZ TJ{P.OUGH FOUR WEEKS OF AGE 
(M-4) 

Data Age In Number Mean Hod_,v 

Group Weeks Of Birds y~~) 
Miles 

Exposed 18. 29 34.70 
Control 35 34.33 

Exposed 4 
29 122.68 

Control 35 108.1~8 

.Exposed 14 866.40 
Control 10 19 841.80 

Females 

EY.posed la 30 33.51 
Control 34 34.50 

· Exposed 4 30 111.41 
Control 34 98.55 

Exposed 14 778.20 
Control 10 17 713.Go 

* Significant at the one percent level of p:rohabi.lity. 

a Birds were five days old at this weighing period. 

Standard Degrees Of· 
Deviation Freedom 

4.30 62 3.50 

22.10 62 14.85 

143.70 
122.40 31 

4.25 
62 4.50 

23.30 62 25.40 

120.CO 
102.20 29 

Student-t 
Statistic 

0 

3.017* 

0.388 

0 

1.960 

1.604 

-

H 
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COMPARISON BE.TWEEN MFAN BODY WEIGHTS OF CO!-.'TROI.S AND BIROO EXPa;ED TO A MAGNETIC FIELD OF 
8 GAUSS AT 45 HERTZ T.dnOUGH EIGHT WEEKS OF AGEl 

(M-4) 

Data Age In Number Menn Body Standard Degrees Of Student-t 
Group Weeks Of Birds Weight 

(grams) 
Deviation Freedom Statistic 

t.hles 

Expoi::ed 
8 

15 540.10 67.6 
30 Control 16 466.20 66.7 3.025* 

H 

Exposed 
10 

15 829.30 105.6 
30 2.823* Control 16 715 .l}O 116.5 

Fe:imles 

Exposed 
8 16 461.1~0 90.6 31 1.172 Control 17 423.90 90.1 

Exposed 
10 

16 679.50 128.4 
Control 17 665.50 137.9 31 0.301 

1 These same birds are included in the data for the first four weeks in the previous table. 
* Significant at the one percent level of prcb~bility. 

~ 
I\) 
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- -TABLE 8 

. COMPARISON BE.TWEEN MF.AN BODY WEIGHTS OF C0!'4'TROIS AND BIROO EXPOOED TO A M\GNETIC FIELD OF 

8 GAUSS AT 75 HERTZ 'l'RROUGH FOUR WEEKS OF AGFfi 

Data Age In 
Group Weeks 

Males and Females Combinedb 

Exposed 
Control 

Exposed 
Control 

1 

4 

Number 
Of Birds 

59 
62 

59 
62 

(M-6) 

Mean Body 
Weight 
(grams) 

57.6 
57.2 

213.0 
217.8 

_Standard 
Deviation 

7.5 
5.8 

45.8 
33.2 

Degrees Of 
Freedom 

119 

ll9 

a No significant differences between the means. 
b Birds were disposed of at four weeks and sexes were not determined. 

Student-t 
Statistic 

0 

0.552 

-

H 
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COMPARISON BETWEEN MEAN BODY WEIGHTS OF CO?-i'T.lOIS AND BmOO EXPOSED TO A MAGNE:rIC FIELD OF 
8 GAUSS AT 60 HERTZ ~'HROUGH FOUR WEEKS OF AG~ 

Data 
Group 

1-nles 

Exposed 
Control 

Expo3ed 
Control 

Expo3ed 
Control 

Ferm.lea 

Er.posed 
Control 

~osed 
Control 

Exposed 
Control 

Age In 
Weeks 

l 

4 

l 

4 

b 
10 

Nurr.ber 
Of Birds 

34 
34 

34 
34 

34 
34 

42 
43 

42 
43 

42 
43 

(M-7) 

?liea.n ~cly 
Weight 
(grams)-

62.79 
65.03 

271.c6 
272.74 

1733.24 
1794.27 

63.33 
63.54 

270.62 
257.09 

1472.1~8 
1533.56 

Standard 
Deviation 

1.10 
7.35 

40.41 
40.16 

248.10 
·163.38 

10.o6 
1.80 

49.37 
38.38 

317.41 
199.14 

Degrees Of 
Freedom 

66 

66 

66 

83 

83 

Student-t 
Statistic 

0.102 

1.197 

0 

1.357 

1.o64 

a No significant differences between the menns. 
b Body weights i:io.dvertently taken with wJ~no·.m tare weight on scale. ?v'.ee.n body weights are 

inaccure.te, but cor::p::i.risons of the two arc 'Te.lid since the error wa.s constant for all birds. 

H 
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TABLE 10 

COMPARISON BETWEEN MFAN BODY WEIGHTS OF CON'rROIS AND BIROO EXPOSED TO A Mt\GNEI'IC FIELD OF 

30 GAUSS AT 60 HIBTZ TffilOUGH FOUR WEEKS OF AGE1 

(M-11) 

Data Age In Number ?t.en.n Body· Standard Degrees Of Student-t 
Group Weeks Of Birds Weig.lit Deviation Freedom Statistic 

(grams) 

Vales 

Exposed 20 46.4 6.0 
Control 1 24 44.3 6.2 42 1.o81 

H I 

Exposed 4 
20 117.3 34.2 42 o.417 

Control 24 113.3 29.4 

Exposed 18 757.9 114.9 
0.024 

Control 10 21 756.4 137.0 '.:·37 

- Fetmles 

Exposed 26 45.4 1.0 
45 

Control 1 21 42.9 6.1 1.030 

Exposed 
4 

26 110.5 25.2 45 0.711 
Control 21 . 105.3 22.3 

Exposed 26 563.5 114.2 
43 0.623 

Control 10 19 584.3 94.4 
+="" 
Vl 

a No significant differences between the means. 
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·- - -TABLE 11 

COMPARISON BETWEEN MF.AN BODY WEIGHTS OF CON'l'ROlS AND BIRDS EXPOSED TO A MAGNETIC FIELD OF 
30 GAUSS AT 75 HERTZ THROUGH FOUR WEEKS OF AGE 

(M-12) 

Data Age In NU!!:ber Mean J:3':>dy Standard Degrees Of Student-t 
Group Weeks Of Birds Weight Deviation Freedom Statistic 

ams 

Miles 

Exposed 24 44.29 4.17 42 2.351* Control 1 20 47.50 4.27 
H 

Exposed 
4 

24 l()(J.83 17.41 42 0 Control 20 109.90 24.56 

Exposed 14 1215.07 133-97 30 1.116 Control , 10 18 1276.28 166.82 

Fennles 

Exposed 26 42.19 3.90 
45. 0.735 Control 1 21 . 43.91 5.42 

Exposed 4 26 90.89 19.67 
45 0.327 Control 21 93-52 22.24 

ExJ)osed 16 1075.88 153.85 
30 0.881 Control 10 16 1031.63 127 .34 +:'" 

°' 
* Significant at the five-percent level. 
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TABLE12 

COMPARISON OF HATCHABILITY OF FERTILE :mGS SET BmwEEN CONTROI.S AND mGS EXFOSED 
TO VARIOUS ELECTRIC FIELOO DURING THE HOLDmG AND INCUBATION PERIOOOa 

Setting Treatment No. Of Total Chicks Hatchedl Chi-square 
Code Group Eggs Set. Fertile No. 1, Value (D.F .... 1) 

Exposed 128 111 73 65.8 o.o44 E-3 Control ·128 104 66 63.5 

E-4 
E,q>osed 128 72 42 58.3 
Control 128 68 47 69.1 1.321 

Exposed 128 88 69 78.4 
E-5 Control 128 88 61 69.3 1.442 

E-6 
Exposed 128 113 75 66.4 0.794 
Control 128 117 85 72.7 

Expose·d 128 114 54 47.4 o.008 E-7 Control 128 102 48 47.1 

Exposed 128 98 87 88~8 
E-8 Control 128 109 99 90.8 ·0.216 

1 Number and percent of total fertile eggs hatched. 
8 No signifi~ant differences in numbers of chickc hatched. 

-

H 

+ 
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Setting 
Code 

E-3 

E-4 

E-5 

E-6 

E-7 

E-8 

-TABLE 13 

COMPARISON OF M>RTALITY BY INCUBATION PERIODS BETWEEN CONTROI.S AND EMBRYOS 
EXPOSED TO VARIOUS ELECTRIC FIELDSa 

Treatment Chicks Mortality By Incubation Period (Days) Chi-square 
Group Hatched 1-7 7-14 14-21 Value (D.F.=3) 

Exposed 73 9 4 25 
o.864 Control 66 10 2 26 

Exposed 42 4 14 12 
Control 47 3 11 7 1.987 

Exposed 69 10 7 2 
4.158 Control 61 9 14 5 

Exposed 75 15 14 9 
1.249 Control 85 12 11 9 

Exposed '54 10 17 33 
Control 48 13 21 22 2.193 

Exposed ' 87 3 6· 2 
Control 99 6 2 2 3.199 

nNo significant differences in total :roortalities over the 21 day incubation period. 

-

H 

+:" 
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Setting 
Code 

E-3 

E-4 

E-5 

E-6 

E-7 

-
TABLE 14 

COMPARISON OF PECK T:EST SCORES BENE.EN CO!rrROIS AND CHICKS CONTINUOUSLY ·EXPOOED 
TO VARIOUS ELECTRIC FIELOO TlffiOUGH INCUBATION AND HATCHING a 

Treatment Chicks I?o. -Of No. o-r Chi-square 
Group Tested Present.utions Pecks Value (D.F.=1} 

Exposed 32 96 33 _ o.<>91i Control 32 96 30 

E>cposed 28 8)~ 24 o.oo6 Control 32 96 28 

Exposed 29 87 66 
0.989 Control 28 84 57 

Exposed 32 96 72 
Control 32 S-6 6$ 0.917 

Exposed 31 93· 70 
0.071 Control 29 87 63 

a No significant differences in the number of chicks pecking. 

-

H 
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TABLE ·15 

COMPARISON B:m'WEEN MFAN BODY WEIGHTS OF CONTROLS AND BIRDS EXPOSED TO AN EIECTRIC FIELD OF 
10 VOLTS PER METER AT 75 HERTZ THROUGH FOUR WEEKS OF AGE 

(E-3) 

Data Age In Number Mean Body Standard Degrees Of Student-t 
Group Weeks Of Birds Weight 

(grams) 
Deviation Freedom Statistic 

»i.les 

Exposed 25 61.1 6.8 
45 0 

Control 1 22 61.8 7.6 
H 

Exposed 
4 

25 152.3 24.3 
45 2.468*' Control 22 169.6 22.7 

Exposed 
10 

24 678.6· 85.4 
41 1.589 Control 19 725.4 lo4.5 

Ferm.lea 

· Exposed 
1 

30 59-5 5.8 
56 0 Control 28 59.0 5.5 

Exposed 
4 

30 151.1 30.0 
56 1.360 Control 28 160.5 18.7 

Exposed 30 585.5 111.6 
56 Control 10 28 561~4 75.3 0.953 \Jl 

0 

* Significant e.t the five percent level of probability. 



-
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'l'ABIB 16 

COMPARISON B:m'WEEN MFAN BODY WEIGHTS OF CONTROI.C3 AND BIRDS EXPOSED TO AN ELECTRIC FIELD OF 
10 VO!n'S PER METER AT 60 HERTZ THROUGH FOUR WEEKS OF AGE 

(E-)i) 

Data Age In Number Mean Body Standard Degrees or Student-t 

Group WeckG Of Birds Weight 
(grams) 

Deviation Freedom Statistic 

M3.les 

Exposed 1 19 63.4 4.9 36 0.520 
Control 19 65.3 6.8 

H 

Exposed 
4 

19 18i.1 41.5 
36 Control 19 182.4 36.1 0.079 

Exposed 10 
15 755.7 100.4 

0.881 
Control 16 721.8 107.7 29 

Fe:rm..les 

· Exposed 24 62.5. 4.9 43 o.664 
Control 1 21 61.4 5.2 

Exposed 4 
24 173.3 26.7· 43 2.066* 

Cqntrol 21 156.9 25.0 

Exposed 10 
24 568.8 114.8 

43 o.465 
Control 21 554.8 -81.8 \.11 

1-J 

* Significant at the five percent level of probability. 
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TABLE 17 

COMPARISON BETWEEN MF.AN BODY WEIGHTS OF CONTROI.S AND BIR:00 EXPOOED TO AN ELECTRIC FIELD OF 
1 VOLT PER METER AT 60 HERTZ THROUGH FOUR WEEKS OF AGE 

(E-5) 

De.ta Age In . Number Mean Body Standard Degrees Of Student-t 
Group Weeks Of Birds Weight Deviation Freedom Statistic 

ams 

l-Bles 

Expo:a;ed 
1 

25 45.9 5.4 47 0 Control 24 45.4 5.9 

Exposed 
4 

25 132.1 24.8 
47 0.383 Control 24 128.4 29.9 

Females 

Exposed 
1 

27 42.6 5.0-
44 2.650* Control 19 47.1 5.1 

Exposed 4 27 · 120.6 20.4 44 1.614 Control 19 109.7 21.1 · 

* S-ignificant at the tive percent level of probability. 

-

H 
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TABLE 18 

COMPARISON BE'l'WEEN ME'AN BODY WEIGHTS OF CO!n'ROI.S AND BIRre EXPOSED TO AN ELECTRIC FIELD OF 
1 VOLT PER ~ER AT 75 HER'l'Z THROUGH FOUR WEEKS OF AGE 

(E-6) 

Date. Age In Number Mean :t-.ody Standard Degrees or Student-t 
Group Weeks Of Birds Weight Deviation Freedom Statistic 

ams 

Males ---
Exposed 25 48.2 5.5 46 0.902 
Control 1 23 45.8 9.5 

H 

Exposed 4 25 221.0 50.3 46 0.258 
Control 23 199.0 48.8-

E>cposed 22 1518.4 202.5. 
37 

Control 10 17 1J~27 .5 153.9 1.522 

Fem.'l.les 

Exposed . 32 48.8 6.3 
61 2.226* 

Control l 31 44.5 1.9 

Exposed 4 32 217.3 53.6 61 0.891 
Control 31 2c6.2 43.7 

Exposed 10 32 1251.4 201.5 61 1.o45 
Control 31 1191.2 252.3 

\J1 
w 

* Significant at the five percent level of probability. 
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- - -TABIE 19 

COMPARISON BETWEEN MFAN BODY WEIGHTS OF COlr.t'RO!S .AND BIROO E>CPOSED TO AN ELECTRIC FIELD OF 
3600 VOLTS PER ME.TER AT 60 HIBTZ THROUGH FOUR WEEKS OF AGEa 

(E-7) 

Data Age In Number ?l..ean Body Standc.rd Degrees Of Student-t 
Group Weeks Of Birds Weir-'f1t 

{grams) 
Deviation Freedom Statistic 

Males 

Exposed 
l 19 54.5 5.4 

36 0 Control 19 55.4 7.4 
H 

Exposed 
4 19 250.0 72.5 

36 o.aoa Control 19 231.1 56.1 

FeI113.les 

Exposed 24 49.6 6.3 
Control l 21 52.2 7.1 43 1.001 

E.-cposed 
4 

24 184.3 59~3 
43 o.o64 Control 21 185.5 43.6 

aNo significant differences between the means. 
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PART II 

The Influence of Continuous Early Exposure to an ELF Mignetic Field 

Upon Subsequent Adult Social Behavior of the 

Domestic Fowl 

by 
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INTRODUCTION 

57 

The social hierarchy of chickens is known as pecking .dominance. Ex

tensive work (Guhl 1953) has been done concerning the peck order which has 

indicated that this order is generally unidirectional. 

Therefore, in a small group of birds, they my be assigned an order 

from mst to least dominant. 

PROCEDURE 

To test the effect of continuous early exposure of RI Red chicks to a 

magnetic field of 45 Hz and 8 gauss (see M-4, Part I) upon their social dom

inance as adult birds, three trials were conducted to establish peck order in 

treated and control birds : 

In each trial, 10 birds (5 exposed and 5 control) were given identifi

cation numbers. In each trial, the exposed bir~s were numbered 1 - 5 and the 

controls 6 - 10. 

They were kept in individual cages 4 weeks prior to the test to remve 

prior social dominance effects. They were then-placed together in a 10' x 15' 

pen and the viewer from outside the pen recorded pecks and threats. Based on 

these observations a peck order was established. 

RESULTS 

The following are the peck orders for each trial with dominance order 
' 

from lef't (high) to right (low): 

Trial I - 3, 2, 8, 9, 1, 7, 5, 10, 4, 6. 
\ 

Trial II - 7, 2, 3, 5, 4, 8, 9, 1, 10 (bird 6 was discounted because 

of a leg injury which kept it from behaving normlly) 

Trial III - 5, 4, 1,,7, 2, 10, 9, 3, 6, 8 

- To test t~at there are two populations present a non-parametric run 
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test was conducted on each peck order. sequence. (Wald and Wolfowitz 1945). • 

The test value for Trial I led to rejection of the hypothesis that 

there were two populations at the probability level of .o47 while in Trial 

II and III the hypothesis was accepted. The exposed birds were mst dominant 

in Trials II and III. 

Since there were two acceptances and one rejection, no clear statement 

can be mde. However, it would appear that there could be some effect on 

behavior and possib~ other tests should be run. 

• 

-
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• ABSTRACT 

-

The effect of extremely low frequency electric and mgnetic fields 

on the in vitro growth of embryonic chicken cells was investigated. 

Cell growth was determined by counting crystal violet stained cells 

or by measuring the uptake of 3H uridine. The growth of chicken embryonic 

fibroblastic and kidney cells was generally inhibited when grown in a mg

netic field of intensity 1, 5 or 8 gauss at 60 Hertz; in an electric field 

of intensity of l or 10 v/m at 60 Hertz; and in an electric field of inten

sity of 1 v/m at 75 Hertz. On the contrary, growth was usually accelerated 

when exposed to an electric field of 10 v /m at 75 Hertz. 

M\TERIALS AND METHODS 

1 •. Cell Cultures 

Two types of cell cultures were used, chicken embryo fibroblastic (CEF} 

cells and chicken embryo kidney (CEK) cells. The CEF cells were derived from 
/ 

10-day-old chicken embryos. After removing the heads, wings and legs, the 

rest of the embryo tissues were minced by being forced through a 5 ml sterile 

syringe. The minced tissue was then washed seven times with phosphate-buffered 

saline (PBS) and once with 0.'2°/o trypsin to get rid of the blood cells. The 

washed tissue was trypsinized at 37°c for 35 minutes; the cell suspension was 

then filtered through 8 layers of gauze and centrifuged at 1000 rpm for 15 to 

20 minutes to pack the cells. The supernate was discarded, the packed cells 

were resuspended in growth medium, and the cell count was determined with a 

heioocytometer. The cell suspension was then diluted in growth medium to ob

tain a concentration within the range of 1-5 x 105 cells per ml. Ten ml of 

-this cell suspension was seeded in three-ounce prescription bottles and the 
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bottles were then incubate.d at 37°C. A confluent cell sheet was usually 

present 2 or 3 days af'ter seeding. 

The CEK cells were derived from 21-day-old chicken embryos. The kid

neys were aseptically excised and forced through a 5 ml sterile syringe. The 

procedure used to make CEK cell cultures was the same as the one used for the 

CEF cells. 

2. Assay of Growth of Chicken Embryo Cells in vitro 

The growth rate for the fibroblastic and kidney cells in cultures was 

determined by comparing the total number of viable cells per bottle at var

ious times between 19 and 70 hours af'ter seeding. The cell sheets were wash

ed with phosphate-buffered saline (PBS) and 5 ml of warm (37°c) 0.2"/o trypsin 

was added to each bottle. The bottles were incubated at 37°C for 10 minutes. 

The cell sheet was then scraped off the glass and transferred into a 40 ml 
. 

• 

centrifuge tube. The cells were sedimented by centrifugation and resuspended ,e 
in 3 ml of PBS. Cell clumps were broken up by vigorous pipetting. To stain 

I 

the cells for counting, one ml of 0.1% crystal violet solution was added to 

0.5 ml of a cell suspension. Cells were counted in a hemocytometer under a 

light microscope. Only cells containing cytoplasm and a nucleus were counted. 

Another method used to determine the total number of viable cells in 

a bottle was by measuring the incorporation of~ uridine. Sufficient 
3
H 

uridine1 was added to the culture medium to give a concentration (activity) 

of 0.25 uc/ml. 
0 

The cells were incubated at 37 C for one hour, the medium 

was then removed, and the cells were washed 4 times with cold PBS. The 

cells were rinsed in 2.5 ml of cold 5% trichloroacetic acid (TCA) for 5 min

utes to remove the acid-soluble portion of the cells. The TCA was then re

iooved and the bottle was rinsed twice again with fresh 5% TCA. The remining 

1A product of New England Nuclear, 575 Albany Street, Boston, ~ssachusetts. 
-
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.cells in the bottle were hydrolyzed with 3 ml of lr:f/o TCA at 70°c for one hour. 

Af'ter one hour, one ml of the cell suspension was added to 9 ml of liquid scin

tillation counting medium (Scintison-Complete) and mixed in a counting vial. 

The vials were put into a scintillation counter to measure the radioactivity 

which was ex:pressed as counts per minute ( CPM). 

3. Electric Field Simulators 

The electric field simulators designed for use with hatching eggs and 

described in Part I were also suitable for the cell culture studies after 

remval of the egg turning cradles. Two electric field capacitors were used 

in each incubator; one was energized to provide the appropriate electric field 

and the other served as an unenergized. control environment. This replication 

of environments in the incubators, together with appropriate placement of the 

capacitors provided allowance for differences due to position and incubator 

-effects. The incubators were maintained at a constant temperature of 100°F. 

Sufficient ventilation and humidity were provided. 

4. Mlgnetic Field Simulators 

The magnetic field sinn1lators designed for hatching and brooding of chicks 

which were described in Part I were also found to be suitable for use in the 

cell culture studies. While the sinn1lators were similar in appearance and elec

trical characteristics it was not possible to naintain identical temperatures in 

them. Therefore, each ex:periment was repeated several times and in such a way 

that each coil served alternately as either the energized nagnetic coil or the 

control coil in an equal number of trials. While both coils were operated con

tinuously, in each trial one was energized to produce the desired mgnetic field 

and the other provided the unenergized control environment. The tissue cultures 

were coded for identification, placed in the appropriate environment, and ~emoved -Y personnel other than those involved in the cell counting procedure. In this 
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way the :magnetic field treatment was unknown until a:t'ter cell counts had been • 

recorded. 

5. Cell Cultures to be Exposed to ELF of Electric and 1-kgnetic Fields 

Suspensions of CEF cells and CEK cells with growth medium were dispersed 

into 3 ounce bottles. Samples were _exposed to electric or :magnetic fields at 

a frequency of 60 Hertz or 75 Hertz. Cell counts were made at various times 

between 19 and 70 hours post-seeding. In most of the experiments, each treat

ment consisted of 3 to 6 replicates. 

6. Student "t" Analysis 

Control versus energized cells were analyzed by student "t" test for 

each trial. Levels of significance were chosen at 0.01 and 0.05 probabilities. 

RESULTS 

The data gathered in 28 trials of CEF or CEK cells in a variety of mag- -

netic or electric fields were analyzed and sumzmrized in Tables 1-30 at the 

end of Pa.rt III. A sumzmry key to the treatments, cell types, and counting 

methods used appears in Table 31. 

1. Effect of Mlgnetic Field on the Growth of Chicken Embryo Cells 

CEF cells in bottles were exposed to ELF magnetic fields (at 60 Hertz) 

of 3 different intensities, namely 1, 5 and 8 Gauss. The results sumzmrized 

in Tables 1, 2 and 3, indicate that the growth of energized cells at 1, 5 and 

8 Gauss was inhibited. Analysis of the data by the student "t" test gave the 

following results: (1) the differences between the growth of cells in the 

energized and control systems was highly significant (P=0.01); (2) there was 

a consistently depressive effect on the growth of cells at intensities of 1, 

5 .and 8 Gauss. 
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- The same experiment was repeated using CEK cells. The growth of 

energized cells at 1, 5 and 8 Gauss (at 60 Hertz) was inhibited when com

pared with the controls (Tables 4, 5 and 6). These differences in cell 

growth between the energized and control system were highly significant 

(P=0.01). 

2. Measurement of Incorporation of% uridine 

3 The amunt of RNA was calculated by the incorporation of H uridine 

at various times post-seeding. 

Tables 7, 8 and 9 shows that the uptake of~ uridine in CEF cells 

exposed to an Ell' magnetic field at 60 Hertz and intensity of 1, 5 and 8 

Gauss decreased when compared with the controls. This means that the growth 

of treated cells was inhibited when compared to the control. When the~e 

-data were analyzed by the student "t" test, the results were as follows: (1) 

there were differences in cell growth between the energized and control sys

tem (P=0.05); (2) the general trend showed that the growth of CEF cells was 

depressed by treatment of 60 Hertz at 1, 5 and 8 Gauss. 

The same experiment was repeated with CEK cells. In Tables 10, 11 and 

12, the rate of uptake of~ uridine in the CEK cells treated under 60 Hertz 

and 1, 5 and 8 Gauss was less than that of controls, indicating that the growth 

of treated cells was inhibited. When the data were analyzed by the st.udent "t" 

test, the results were as follows: (1) all treatments showed a depressive 

effect on cell growth; (2) the differences between cells grown in the con

trol evnironments and those exposed to a magnetic field of 1, 5 or 8 Gauss 

were significant. 

The effect of mgnetic field on the growth of both CEF cells and CEK 

-cells are sunnmrized in Table 13, All treatments showed a depressive effect 
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on the growth of cells. 

3. Effect of Electric Field on the Growth of Chicken Embryo Cells 

a. Total Cell Counts 

66 

The growth ot CEF cells exposed to an electric field at 60 Hertz and 

intensity of one or 10 v/m was inhibited, (Table 14 and 15). At 75 Hertz 

and one v/m intensity, the growth of CEF cells was also inhibited (Table 

16). The statistical analysis showed these differences were significant 

(P=0.05i On the cont~, the growth of chicken embryo cells was enhanced 

when exposed to an electrid field at 75 Hertz and 10 v/m intensity (Table 

17). The statistical ana~is also showed that these differences were sig

nificant ( P=O. 05) • 

When CEIC cells were exposed to an electric field of one v/m intensity 

and 60 Hertz, the cell growth was inhibited when compared with the control. 

The difference was highly significant (P=0.01) (Table 18). -

At 10 v/m intensity and 60 Hertz, the growth of cells appeared to be 

inhibited. However, "t" test analysis showed no significant difference be-

tween the energized and control system (Table 19). 

At one v/m intensity and 75 Hertz, the growth of CEK cells was inhibited. 

The difference in cell growth as shown by "t" test was significant (P=0.05) 

between the energized and control system ( Table 20) • 

The growth of CEK cells was enhanced when exposed to 75 Hertz and 10 

v/m as compared to the control (Table 21). The difference as shown by the 

"t" test analysis was significant (P=0.05). 

b. Measureme:at of incorporation of 3H uridine 

The radioactivity count method showed that the growth of CEF cells ex

posed to 60 Hertz at one or 10 v/m or 75 Hertz at one v/m was inhibited, 

(Tables 22, 23 and 24). The "t" test analysis showed that the differences 
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between the treated and control was highly significant (P=0.01) at 60 Hertz 

• and one v/m or 75 Hertz and one v/m; the difference was significant (P=0.05) 

at 60 Hertz and 10 v /m. On the contrary, the growth of CEF cells appeared 

to be stimulated under the influenee of an electric field of 75 Hertz and 10 

v /m intensity. However, the difference was not significant by "t" test anal

ysis (Table 25). 

CEK cells exposed to 60 Hertz at one or 10 v/m in intensity, showed a 

decreased uptake of 3H uridine (Table 26, 27). The differences were sig

nificant by "t" test analysis. The growth of CEK cells under 75 Hertz at 

one v/m also showed a decreased uptake of 3H uridine (Table 28), but the 

difference between the treated and the controls was not significant. On 

the contrary, the uptake of~ uridine in CEK cells appeared to be increased 

when treated by an electric field of 75 Hertz, 10 v/m (Table 29). The dif-

- ferences were not significant, however. 

The summary on the effect of electric field on the growth of both CEF 

and CEK cells is shown in Table 30. All treatments showed a depressive effect 

on cell growth, except the treatment at 75 Hertz and 10 v/m where a possible 

stimulating effect was indicated. 

DISCUSSION 

In order to avoid bias in the sampling procedure, all cell cultures in 

bottles were labelled by code number and their treatments were unknown to the 

investigator who counted the cells. Also, the number of samples in each treat

ment were sufficient for statistical analysis. Iruimx>st experiments, 3 individ

ual bottles of cells belonging t.o one treatment were counted at 3 or 4 differ

ent hours post-inoculation. However, in 4 experiments, that is at 5 Gauss, 60 

-Hertz (Table 2 and 5) and 10 v/m, 75 Hertz (Table 17 and 21)
1
6 individual bot

tles of each treatment were counted at 3 different hours post-inoculation. 
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The results showed significant difference:between the treated and the controls 

at all hours post-inoculation. 

The stimulating effect of en electric field of 75 Hertz and 10 v/m on 

the growth of both CEF end CEK cells is difficult to explain. other ELF 

magnetic or electric fields consistently showed a depressive effect on the 

growth of cells • Future work is warranted to explain why ELF electric or 

mgnetic fields had a depressing and/or stimlating effect on cell cultures. 

Although these in vitro studies my not be applicable to in~' they strong

ly suggest that ELF nagnetic or electric fields could have an observable effect 

on living mamnals and birds. 

• 
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TABLE 1 

Effects of Magnetic Field of 60 Hertz and 1 Causs on the Growth of 

Chicken Embryo Fibroblastic Cell:-. 

Hours post
inoculation 

;·o 
20 

4J 

64 

70 

Total Cell 
Energized b 

Individual Mean 
count 

1.80 
1.95 • 1.92 
2.01 

J.42 
J.12 J.24 
J.18 

4.77 
4.J2 4.62 
4,77 

5.22 
4,92 4.95 
4.71 

Count(x105)a · . 
Control 

Individual 
count 

1.98 
2.13 
2.28 

J.69 
J.90 
4.02 

5.13 
5.40 
5.22 

5.97 
5.94 
6,27 

~b 
Mean 

2~13 

J.87 

. 5.25 

6.06 

a. total number of cells per bottle 

i C D fferences 
between

5
mean:1 

(x10 ) 

-0.21 

-0.6J 

-0.6J 

-1.11 

b, mean count consist of average number of cells 1n three bottles 
( - ) sign indicates an inhibitory effect on cell.a grown in the energi z,cd c. 

--.s~~ignificant at P .01 

Degrees of 
Freedom 

,~ 

ll, 

ll, 

Li 

syatem 

-

t 

1.96 
H 
H 
H 

4.?4 
.... 

J.7J 

6.1 
... 

°' '° 
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TABLE 2 

Effects of Magnetic Field of 60 Hertz and 5 Gauss on t.he Growth of . 
Chicken Embryo Fibroblastic Cells 

Hours post
inoculation 

36 

60 

68 

,. 

Total Cell Count(x105)a 
Energized b . Contrql . . b 

Individual Mean Inct1v1dual Mean 
count count 

J.93 
J.45 
3.57 
.3.72 
J.60 
J.69 
6.oo 
5.49 
5.76 
5.82 
6.0J 
5.82 
.6.42 
6.JJ 
6 • .51 
6.12 
6.JJ 

· 6.09 

• J.66 

5.82 

6.JO 

. J.72 
4.02 
3.99 
4.14 
J.84 
4.05 
6.84 
6.99 
6.9.3 
6.90 
7.23 
6.51 
7.41 
7.14 
7.20 
7.11 
7.02 
7.32 

6.90 

7.20 

a. total number of cells per bottle 

c 
Differences 
between5meann 

(x10) 

-0.J 

-1.08 

-0.96 

b~ -mean count consist of average of cell counts ~n six bottles 

•'Dcerees .of 
Freedom 

10 

10 

10 

c, (-) sign indicates an inhibitory effect on cells grolfll in the energ17.r>d system 
ii-It significant at P .01 

t 

., 
J.42 

.... 

8.71 ** 

** 11.57 . 

-

H 
H 
H 
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TABLE 3 

Effects of Magnetic Field of 60 Hertz and 8 Gauss on the Growth of 

Chicken Embryo Fibroblastic Cells 

Total Cell Count(x10.5)a· 
C 

Hours post- Energized b Control b 
Differences DeGrees of t 

inoculation Individual Mean Individual· Mean between
5

mean::1 FrecdOJ'!l 
count count (x10) 

@.40 2.40 
19 2.16 2.~5 2.70 2.46 -0.21 4 1.44 

2.19 2.28 
H 
H 
H 

5.55 6.42 
42 5.91 5.85 6.09 6.21 -O.J6 4 1.88 

6.09 6.12 

5.43 6.09 
64 5.52 5.46 6.21 6.15 -0.69 ,~ 15.6 .... 

5.43 6.15 

6.03 6.27 ... 
68 5.85 5.97 6.24 6.JO -0.JJ 4 4.)7 

6.0J 6.39 

a. total number of cells per bottle 
b. mean count consist of average number of cells in three bottles 
c. (-) sign indicates an inhibitory effect on cells grown in the energized system 
...., significant at P .01 · 



\. 

- -
TABLE 4 

Effects of Magnetic Field of 60 Hertz and 1 Gauss on lhe Growth of 
Chicken Embryo Kidney Cells 

- Total Cell Count(x105)a 
Hours post-
inoculation 

Energized b Contr<>:l b 
Individual Mean Individual Mean 

count count 

J.18 J.12 
20 J.00 . ).15 J.54 ).28 

J.27 J.18 

4.59 4.95 
4) 4.77 4.68 .5.10 5.01 

4.68 4.98 

4.86 5.98 
64 5.10 5.01 .5.79 5.82 

5.07 5.70 

5.40 6.12 
70 5.52 5.43 5.98 6.03 

5.37 .5.98 

a • total .number of cells per bottle 

. . C 
Differences 
between

5
means 

(x10) 

-0.1J 

-0.JJ 

-0.81 

-0.60 

. b. mean count consist of average number of cells in three bottles 
c. (-) sign indicates an inhibitory effect on cells grown in the energized ... significant at P .01 

Degrees of 
Freedom 

4 

4 

4 

lj. 

system 

-

t 

.85 

H 
H 
H 

4.78 
.... 

** 7.2 

... 
9.2 

--.;J 
I\) 
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TABLE 5 

Effects of Magnetic Field of 60 Hertz and 5 Gauss on the Growth of 

Chicken Embryo Kidney Cells 

Total Cell Count(x10.5)a 
Hours post
inoculation 

Energized b Control b 
Individual Mean Individual Mean 

. C 
Differences 
between5

means 
(x10) 

Degrees of 
Freedom · 

count count 

3.87 4.50 
4.02 . 4.65 

36 4.23 4.14 4.71 4.80 -0.66 10 
4.17 4,92 
4.14 5.01 
4.41 5 .01 

6,93 7.56 
6.72 7.47 

6o 6,54 6.84 7,80 7.74 10 
7.05 7.92 

-0.90 

6.96 7.83 
.· 6 .BL~ 7.86 

7.23 8.10 
7.11 8.04 

68 7.05 7. 114- 7.92 8.04 
7.20 8.16 -0.90 10 

7.02 7,59 
7.23 8.43 

a. total number of cells per bottle 
b. mean count consist of average of cell counts.in six bottles 
c. (-) sign indicates an inhibitory effect on cells grown in the energized system .... significant at P ,01 

t 

.... 
5.79 H 

H 
H 

8 ** .5 

7.5 ** 
--:J 
L,.) 
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TABLE 6 

·--·--·-·· 

Effects of Magnetic Field of 60 Hertz and 8 Gauss on the Growth of 

Chicken Embryo Kidney Cells 

Total ·cell. Count(x105)a · 
C 

· Hours post.;. Energized b Control b Differences Degrees of t 
inoculation Individual Mean Individuai Mean between

5
meanG Freedom 

count count (x10 ) · 

3.00 J.09 
19 2.88 2.97 2.97 .3.00 -0.0J '-" .46 

J.OJ 2.94 
H 
H 
H 

5.40 6.06 ** 42 5.16 .5.22 5.94 6.02 -0.80 4 8.0 
5.10 6.06 

6.21 7.08 ** 64 5.82 .5.97 6.87 6.99 -1.02 4 7.5 
5.88 7.02 

--J-

6.21 7.11 .... 
68 6.12 6.15 6.87 7.02 -0.87 4 10.7 

6.12 7.08 

--J 

a. total number of cells per bottle 
-+=" 

b. mean count consist of average number of cells in three bottles 
c. (-) sign indicates an inhibitory effect on cells grown in the energized system ... significant at P .01 
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TABLE 7 

Effect of Magnetic Field of 60 Hertz and 1 Gauss on the Growth-of 

Chicken Embryo Fibroblastic Cells 

--------------------------------------···•···----
Total Incorporation of 3H Urldin!3- (cpm)a 

Hours post

inoculation 

Energized 
Individual Meanb 

count 

Control 
. b 

Individual Mean 

C Differences 

between means 

Der;rees o:f 

Freedom 

a. 
b. 

20 

43 

1JJ8 
1225 

1105 

926 

1502 
.1470 . 

1282 

1016· 

1486 

count 

1921 
1892 

1642 

1911 

1L~81 

1518 

1907 -625 2 

1777 -761 2 

· 1499. - ·13 2 

total incorporation of Jii• uridine per bottle of cells = number of.individual count 
mean consist of average counts per bottle 

c. (-) sign indicates an inhibitory effect on cells grown in the energized system 
-fit significant at P .01 

* significant at P .05 

X J 

t 

10.8 ** 

.• 54 

-

H 
H 
H 
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Hours post-

inoculation 

., 

'.36 

60 

68 

-

-
TABLE 8 

' 
Effects of Magnetic Field of 60 Hertz and 5 Gauss on t'10 Growth of 

Chicken Embryo Fibroblastic Cells 

Total Incorporation of )HUridine· (cpm)& 

Energized 

Individual 

count 

1792 
1999 

3057 
3147 

J825 

4117 

b Mean 

1896 

'.3102 

3971 

Control 

Individual 

count 

21,-02 

2280 

4109 

3939 

4299 

5279 

Differences C 

b Mean between means 

2341 -445 

4024 -922 

4789 ~818 

Degrees -of 

Freedom 

2 

2 

2 

a. 
b. 

total incorporation or 3~ uridine per bottle of cells• number of individual count x J 
mean consist of average counts per bottle_ · 

c. (-) sign indicates an inhibitory effect on cells groffll in the energized system 
...., significant at P .01 

,: .. ·:; ~. 

t 

J.69 

6** 9. 

1.60· 

-

H 
H 
H 
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Hours post-

inoculation 

19 

42 

68 

-
TABLE 9 

Effects of Magnetic Field of 60 Hertz and 8 Gauss on t:1i0. Growth of 

Chicken Embryo Fibroblastic Cells 

Total In~orpo:ra.tion .of 3n • Uridirie 

Energized 

Individual 
·• count 

3635 
3523 

11995 
11826 

b Mean 

3579 

5356 

11910 

Control 

Individual 

count 

4058 
4011-6 

6920 
6897 

16260 
16152 

(cpm)a 
r 

Differences C 
Dee.;recs 

Meanb between means Freedom 

4052 -473 2 

6909 -1553 2 

16206 -4296 2 

of 

a, total incorporation of JH uridine per bottle of cells• number of individual count x J 

b, mean consist of-average counts per bottle 

o. (-) sign indicates an inhibitory effect on cells grown in the energi?.nd system 

* significant at P ,05 
** significant at P ,01 

-

. 
t 

H 
H 

8.4*' 
H 

16.6** 

4,3* 



.. Hours post-

1nocula t1on 

20 

43 

70 

TABLE 10 

Effects of Magnetic Field of 60 Hertz and 1 Gauss on t.he Growth of 

Chicken Embryo Kidney Cells 

. J . a 
Total Incorporation of H Ur1d1~e .(cpm) .·. 

Energized 
b 

Individual Mean 

count 

2016 
1889 

J02J 
2)24 

3165 
3111 

1953 

J1J8 

Control 

Individual Meanb 

count 

2359 
2524 

2956 

3744 

4204 

4220 

2441 

3350 

4212 

Differencesc 

between means 

-488 

Degrees of·· 

Freedom 

2 

2 

2 

a. total incorporation of 3H uridine per bottle of cells = number of inrllvidual count x J 

b. mean consist of average counts per bottle 

c. (-) sign indicates an inhibitory effect on cells grown in the enerei~r.d system 

,... significant at P .01 

* significant at P .05 

t 

1.28 

. ** J8.1. 

-

H 
H 
H 
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Hours post

inoculation 

36 

60 

68 

-

-
. TABLE 11 

Effects of Magnetic li'ield of 60 Hertz and 5 Gauss on the Growth of 

Chicken Embryo Kidney Cells· 

Total Incorporation of 3H Urldine · ( cpm)a · 

Energized 
b Individual Mean 

count 

3159 
3391 

6099 
6267 

3275 

618) 

Control 

Indlvidual 

count 

3899 
l~0?.5 

6359 
6465 

702) 

7035 

b Mean 

398? 

6412 

7029 

Dlff erences c 

between means 

-712 

-863 

-846 

Degrees of 

Freedom 

2 

2 

2 

a. total incorporation of 3H uridine per bottle of cells• number of individual count x 3 
b. mean consist of average counts per bottle 

c. (-) sign indicates an inhibitory effect on cells grown in the energized system 

* significant at P .0.5 

,Jf,,if- significant at P .01 

• 

t 

4.9 * 

9.6.5 * 

... ff 
10.05 

-

H 
H 
H 
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Hours post-
·inoculation 

19 

42 

68. _ 

-
-

TABLE 12 

Effects of Magnetic F'ield of 60 Hertz and a ·Gauss on the Growth of 
Chicken Embryo Kidney Cells 

Total Incorporation of 3H Uridine _( cpm)a . . . 
Energized Control Differences C Det;rees 

Individual· Meanb · Individual_ Meanb .between means Freedom 
count count 

2404 2881 
222l~ 2314 

29.37 2909 -595 2 

3159 4026 

3397 3278 4002 4014 -736 2 

4402 5019. 
·. 43.32 4367 

5171 5095 · -628. 2-

9f 

a. total incorporation of 3H uridine per bottle of cells• number of individual count x J 
b. ·mean consist of average counts per bottle 
c, (-) sign indicates an inhibitory effect on cells grown-in the energized system 
* significant at P .05 

-

t 

H 
H 

6,J * H 

- * 6.2 

* 7.50. 
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TABLE 13 

SUMMARY 

Effects of Extremely Low Frequency of Magnetic Field on the Growth of 

Chicken Embryo Cells 

Cell Treatment Cell Count Radioactivity 

System Average Hours Average Hours 

20 43 64 70 20 4J 64 

Chicken 60 Hertz, 1 Gauss 0 (-)** (-) (-)** ( - >'W-* (-)* ND 

Embryo 
(-)** (-)** (-)** (-)** Fibro- 60 Hertz, 5 Gauss ND ND 0 

blastic 
(-)** (-)** (-) * (-)** (-)* Cells 60 Hertz, 8 Gauss 0 0 

Chicken 60 Hertz, 1 Gauss 0 (-)** (-) **. (-)** (->"lf- 0 ND 
Embryo 

.· (-:>** -M·* (-) ** ' (-) * (-)* -- :Kidney 60_Hertz, 5 Gauss ND (-) .. ND 

Cell::; 
c~)** (-)** . ** .. . * .. * -_ (-)* 60 Hertz, 8 Gauss 0 . ( ~) (-,) (-) ·-

ND ... not done 
0 • insignificant 

* • significant at P .05 
+M- • significant at P ,01 · . 
(-)• indicates less cell growth 1n_energ1zed system than control 

70 

H 

0 
H 
H 

0 

ND 

(-)** 

(-)** 

ND 

(X) 
1:-' 
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TABLE-14 

Effects of Electric Field of 60 Hertz and 1 v/m on the Growth of 
Chicken Embryo Fibroblastic Cells 

Hours post
inoculation 

21 

42 

60 

67 

Total Cell Count( xto5)a .. 
Energized b Control b 

Individual Mean Individual Mean 
count count 

8.04 9.72 
9.00 . 8.)6 9~06 9.34 
8.04 9.24 

1J.l}2 17.46 
10.11 12.01 _ 18.18 18.06 
12.54 18.54 

19.20 20.64 
18.90 19.J0 21.24 20_.80 
19.80 20~52 

22.05 25.02 
2.3.49 22.68 26.28 25,74 
22.50 25.92 

a. total number of cells per bottle 

. C 
Differences 
between

5
mean:-; 

(x10) 

-0.98 

-6.05 

- -1.50 

-J.06 

b. mean count consist of average number of cells in three bottles 
c. (-) sign indicates an inhibitory effect on cells·grown in the energizen 
* significant at P .05 
iHt significant at P .01 

DeGrcos of 
Freedom 

4 

I} 

,~ 

4 

system 

-

t 

2.61 H 
H 
H 

.... 
5.82 _ 

4.)2 * 

5.4-fHI-
CX> 
I\) 
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Hours post
inoculation 

19 

\ - -

·-
TABLE 15 

Ef£ects of Electric Field 0£ 60 Hertz and 10 v /m on the growth of. 

Chicken Embryo Fibroblastic Cells 

Total Cell . Count( xto5) a.·· · · · 

. Energized b Control b 
Individual Mean Individual Mean 

count 

1.02 
.Bl~ 
.90 

• 0.92 

count 

.90 
1.05 
1.11 

1.02 

- ·. . C .. 
Differences 
between 

5
mco. n =~ 

(x10) 

-0.1 

Degrees of 
Freedom 

-

t· 

1.22 

H 

-----------------------------------------------~ 
40 

63 

67 

2.16 
2.10 
2.10 

2.94 
J.06 
3.12 

2.12 

J.04 

a. total number 0£ cells per bottle 

2.28 
2.Ji 
2.43 

3.09 
J.18 
3.27 

· J.42 
3.51 
J,69 

2,34 

3,18 

3 • .54 

-0.22 

-0.40 

..;0.50 

b. mean count consist 0£ average number of cells in three bottles 
c. (-) sign indicates an inhibitory effect on cells grown in the energized system 
* significant at P .05 

4 4.2 * 

4 * 5,3 
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TABLE 16 

Effects of Electric Field of 75 Hertz and 1 v/m on the Growth of 

Chicken Embryo Fibroblastic Cells 

Hours post
inoculation 

20 

44 

63 

68 

,, 

T_ota.l Cell Count(x105)a · 
Energized b · Ccmtroi b 

Individual Mean .Individual Mean 
count count 

7.80 7.50 
7.56 ,. 7.52 8.16 7.64 
7.20 7.26 

13.59 15.21 
12.60 12.81 16.56 1.5.68 
12.24 15.27 

20.46 21.00 
19.50 19.72 · 22.12 21.59 
19.20 21.66 

21~60 23.76 
21.84 ·21~28 23.52 23.3.5 
20.40 22.79 

a. . total number of cells per bottle 

. - c 
Differenccn · 
betweon

5
mcari'n 

(x10) 

-0.12 

-2.87 

-1.87 

-2.07 

b. mean count consist of average number of cells in three bottles 
{-) sign indicates an inhibitory effect on cells grown in the energized -c. 

* significant at P .0.5 

Degrees of 
Froedo111 

LJ. 

Ji, 

4 

4 

system 

• 

t 

.37 
H 
H 
H 

4 ao* . . 

J.82 * 

J.9 * 

~ 
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TABLE 17 

Effects of Electric Field of 75 Hertz and 10 v/m on the Growth of 

Chicken Embryo Fibrobl1,1.stlc Cells 

Total Cell Count(x105)a 
C 

Hours post- Energized b Control· 
Meanb 

Differences Degrees of 
inoculation Individual Mean Individual between

5
meann Freedom 

count count (x10 ) · 

,, 8.25 7.50 
9.30 7.65 

36 9.06 8.94 7.92 7.86 +1.08 
9 .12 7.86 

10 

8.88 8.0L1-
9.03 8.19 

1 .2) 1 .70 
14.91 11~ .)4 

6o 15.33 15.36 
14.0I.J. 14.28 +1.08 

15.27 14,55 
10 

15.18 1}.98 
15.24 1l~.07 

18.00 . 15.81 
17.25 16.14 

68 . 17.97 18.00 16.05 16.02 +1.98 18.21 15.99 
10 

18.21 15.87 
18.)6 16.26 

a. total number of cells per bottle 
b. mean count consist of average number of cell counts in six bottles 
c. (+) sign indicates a stimulating effect on cells grown 1n the energl7,0d system 

* significant at~ .05 
** significant at P .01 

-

t 

.. 

* 5.97 
H 
H 
H 

4.9 * 

11.3 ** 

0::, 
\Jl 



. _: 

• 
\ 

- -
TABLE 18 

Effects of Electric Field of 60 Hertz and 1 v/m on the Growth of 

Chicken Embryo Kidney Cells 

Total Gell Count(~105)a . 
C 

Hours post- Energized -b . · Control . b Differences .·.Degrees 
inoculation Individual Mean Individual Mean between

5
means Freedom 

count count · (x10 ) 

1.74 1.86 
21 1.62 1.62 1.62 1.76 -0.14 4 

1..50 1.80 

J.42 J.JO 
42 ·2.76 3.00 2.88 3.04 -0 .Ol-t, 1-t, 

2.82 2.9,~ 

6.,54 7.92 
60 6.24 ·6.28 7.50 7.62 -1.34 4 

6.-06 7.44 

7i08 8.22 
67 7.08 7.20 8.40 8.22 -1.02 4 

7.44 8.04 

a. total number of cells per bottle 
b. mean count consist of average number of cell counts in three bottle::. 
c. (.-) sign indicates an inhibitory effect on cells groffll in the energi7,ed system 
H significant at -p .01 · 

--

of t· 

1.4 
H 
H 
H 

.16 

6 • .51 
... 

6.4 ... 
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TABLE 19 

' Effects of Elec·tric Field of 60 Hertz and 10 v/m on the Growth of 
Chicken Embryo Kidney Cells 

Total Cell Count(x10S)a 
C Degrees Hours post- Energized b . Control . b Differences 

inoculation Individual ·Mean Individual Mean · between5means li'reedom 
count count (x10) 

J.18 2.82 
20 J.00 ).04 J.18 ).10 -0.06 '-~ 

2.94 J.JO 

4.08 J.90 
4) J.84 ).94 4.20 4.01 -0.07 4 

J.90 J.94 

4.98 5,04 
64 5,0ll- 5.03 5,25 5.20 -0.17 4 

5,07 . 5,31 

6,JO 5,82 
70 5,70 5.90 6~JO 6.18 ~0.28 4 

5,70 6.42 

a. total number of cells per bottle 
b, mean count consist of average number of cells in three bottles 
c. (-) sign indicates an inhibitory effect on cells grown in the energized system 

-

of t 

• .37 
H 
H 
H 

.59 .. 

1.976 

1.0.32 

----- - ------------
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TABLE 20 

Effects of Electric Field of 75 Hertz and .1 v/m on the Growth of 

Chicken Embryo Kidney Cells 

Total.Cell Count(~105) 
C 

Hours post- Energized b Control 
Meanb 

Differences DeGrees.of 
. inoculation Individual Mean Individual between

5
means Freedom 

count count (x10) 

2.70 2.70 
20 2.46 2.52 2.70 2.60 -0.80 ,~ 

2.40 2.40 

2.88 3.12 
44 2.58 2.72 J.18 J.08 -0.36 4 

2.70 2.91+ 

J,42 4.20 
63 J • .51-~ J,/.j.8 4.26 4.16 -0.68 l~ 

J .L~8 4.02 

J.60 4.44· 
68 J,30 3.62 . · 4.26 4.22 -0.60 4 

J.96 3.96 

a, total number of cells per bottle 
b, mean count consist of average number of cells in three bottles 
c, (-) sign indicates an inhibitory effect on cells grown in the energized system 
* · significant at P ,05 
,... significant at P .01 

-

t 

o.6 
H 
H 
H 

J.2 * 

8.5 
.. 

2.54 



\ 

- -
TABLE 21 

Effects of Electric Field of 75 Hertz and 10 v/m on the Growth of 
Chicken Embryo Kidney Cells 

. 5 a. Total Cell Count( x10 ) . . . c Hours post- Energized b Control b Differences Degrees 
inoculation Individual Mean Individual Mean between

5
means .Freedpm 

count count (x10 ) 

2. 4 2.13 
~ 2.85 2.31 

36 2.91 ... 2,86 2.37 2,34 10 2.79 2.49 +0.52 
2.94 2.25 
3.06 2 •1-1-9 
J.99 J.51 
J.96 J.39 

6o 4.11 4.02 J.60 +o,60 4.05 J.JO J,42 10 
J.87 J.42 
4.14 J.JO 

. 4.50 J.78 
4.8J J.84 

68 4.65 4.68 J.96 j,88 +0.80 10 4.74 J.75 
4.59 J.9J 
4.77 4.05 

a. total number of cells per bottle 
b, mean count consist of average number of. cells in six bottles 
c. (+) sign indicates a stimulating effect on cells grown in·the energl7,ed system 
* significant at P .05 ~- ... ·- . - . 

** significant at P .01 

-

of ·. t 

6.50 * H 
H 
H 

9,46 * 

.. ** 11,7 

(X) 

'° 

-··--· 
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Hours post-

inoculation 

21 

42 

67 

-
TABLE 22 

Effects of Electric Field of 60 Hertz and 1 v/m, ott the Growth of 

Chicken Embryo Fibroblastlc Cells 

Total Incorpora tio!l of 3H Uridine ,(cpm)a 

Energized Control. Differences C Degrees of 

Individual b Mean Individual Meanb between mean~ l<,reedom 

count count 
,. 

10J6 1058 1122 1137 -79 2 
1225 1152 

1291 12a9.5 1445 1448.5: -159 2 
1288 1452 

·1860 ·· 1343 2140 2150 -307 
1826 2160 

a. total incorporation of ~H uridine per bottle of cells • number of individual count x ) 
b. mean consist of average counts per bottle ·.. · 
c. (-) sign indicates an inhibitory effect on cells grown in the energlzed system 
.... significant at P .01 · 

-

t 

H 
H 

2.97 
H 

41.a** 

· ..... 
15.5 

'8 
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Hour.a post-
inoculation 

19 

40' 

-
TABLE 23 

Effects of Electric Field of 60 Hertz and ·10 v/m on the Growth of 
Chick~n Embryo Fibroblastic Cells 

Total Iricorporation of Jn Uridine· {cpm)a . 
Energized 

Individual 

count . 

J18 
292 

482 

4J5 

512 
.. · 523 .. 

Meanb 

305. 

459 

.51.7 • .5 

Contro1·· 

Individual 

count 

J81 

391 

51.5 
489 

··563 
·· .. ,9'9 

b Mean 

J86 

502 

· . .5.56 .. · 

Differences C 
De(ireea 

between means Freedom 

-81 2 

-43 2 

-J8 2 

of 

a. total incorporation of ~H uridine per bottle of cells• number of individual count x 3 
b. mean consist of average counts per bottle 
c. (-) sign indicates an inhibitory effect on cells grown in the enerGizr.fl system 
* significant at P .05 

-

t 

H 

* H 
5.82 H 

1.6 
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TABLE 24 

Effects of Electric Field of 75 Hertz and 1 v/m on the Growth of 
Chicken Embryo Fibroblastic Cells 

Total Incorporation of '.\1 Ur1~1ne ( cpm)a 
Hours post
inoculation 

Energized· 

Indi vi.dual Mean b 

count 

Control 

Individual 

count 

b Mean 

C Differencer~ 

between mc;:ins 

Degrees of 

li'reedom 

a. 
b. 
o. 
* 

20 

44 

68 

972 
936, 

2084 
2061 

2029 

2016 

9.54 

2072 • .5 

2022 • .5 

1050 
1046 

2560 
2536 

.2JJ6 
2JJ0 

1048 

2.548 

2JJJ 

-94 2 

-485.5 2 

-J10.5 2 

total incorporation of JH' uridine per bottle of cells .. number of individual count x) 
mean consist of average counts per bottie 
(-) sign indicates an·inhibitory effect on cells grown in the energized system 
significant at P .05 

** significant at P .01 

t 

* .5.2 . 

** 29.2 

4J.4** 

-

H 
H 
H 

"' I\) 

' 

J 



Hours post

inoculation 

J6 

6o 

68 

TABLE 25 

Effects of Electric Field of 7 5 Hertz and 10 v /m on the Growth of 

Chicken Embryo Fibroblastic Cells 

Total Incorporation of JH Uriq.1ne (cpm)a 

Energized 

Individual Meanb 

count 

702 

765 

1425 
1621 

2006 

2051 

733,5 

1523 

2028.5 

Control 

Individual 

count 

6.36 

669 

1125 
1201 

20)4 

2021 

b Mean 

652.5 

1163 

2027.5 

Difference rt 
between means 

+81 

+)60 

+i 

· Dec;roe_s of 

li'r~edom 

2 

2 

2 

a. total incorporation of 3H uridine per bottle of cells . . a number of individual count x J 
b. mean consist of average counts per bottle 
c. (+) sign indicates a stimulating effect on cells grown in the energized system 

-

t 

2.J 

J.4 

•· .04. 

H 
H 
H 
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Hours post

inoculation 

\ 

TABLE 26 

Effects of Electric Field of 60 Hertz and 1 v/m on the Growth of 

Chciken Embryo Kidney Cells 

Total Incorporation o:f -?tt Uridine (cpm)a 

Energized. 

Individual Meanb 

count 

Control 

Individual 

count 

b Mean 

Differcncer; c 

between meann 

Dcr;rces o:f 

li'reedom 

-

t 

,;· ---------------------------------'--------------------
21 

42 

67 

557 
.592 

824 

854 

1072 
1057 

574.5 

8J9 

1064 • .5 · 

687 
674 

986 
1002 

1161 

1171 

680.5 

994 

1166 

-106 2 

-1.55 2 

-102 2 

. 3 
- a. total incorporation of H uridine per bottle of cells cs nwnber of iJ1dlvidual count x 3 

b. mean consist of average counts per bottle · 
c. (-) sign indicates an inhibitory effect on cells grown in the enerr,ized system 
* significant at P .05 · 
..., significant at P .01 

* 5.68 

* 9.12 

H 
H 
H 



\ 

-
-

-
TABLE 27 

Effects of Electric Field of 60 Hertz and 10 v /m on the Growth of 

Chicken Embryo Kidney Cells 

Total tncorporation of 31~ Urid~ne (cpm)a 

Hours post

inoculation . 

Energized 
b 

Individual Mean 

Control 

Individual Meanb 

count 

C 
Differenccn 

between means 

Degrees of 

Freedom 

a. 
. b. 
c. 
* 

20. 

, 4J 

. 70 

count 

388 
. J82 

621 

579 

612 

629 

J85 

600 

'620 .5 

476 

442 

64J 

681 

657 
675 

459 

662 

666 

-74 2 

·-62 2 

-45.5 2 

total 1ncorpo~t1on of 31-1 uridine per bottle of cells • number of l nd1vldual count x J 
mean consist of average counts per bottle 
(-) sign indicates an inhibitory effect on cells grmm in the enc r·:;lzed system 

significant at P .05 

t 

4,286 * 

2,189 

J.678 . 

H 
H 
H 

\D 
\J1 
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TABLE 28 

/ 

Effects of Electric F'ield of 75 Hertz and 1 v/m on the GroHt.h of 

Chicken Embryo Kidney Cells 

Total Incorporation of JH Uridi,n~ ( cpm)a 

Hours post

inoculation 

Enere;ized 
Individual Meanb 

count 

Control 

Individual 

count 

b Mean 

. ·. C 
Diffe.rencon 

between mean,: 

Dr-r-:rcoo, of 

Freed.om 

a, 
b, 
C, 

20 

44 

68 .. · 

411 
· · J81 

604. 
612 

396 

553.5 

608 

456 
453 

581 

590 

664 

705 

454.5 -58,5 2 

-32 2 

684.5 ~76.5 2 

total incorporation of 3n u.ridine per bottle of cells a nwnber of individual count x J 
mean consist of average counts per bottle · 
(-) sign indicates an inhibitory effect on cells grolfll in the energi7,cd system 

t 

3.90 

3.33 

J.66 

-

H 
H 
H 
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TABLE 29 

Effects ofElectric Field of 75 Hertz and 10 v/m on the Growth of 

Chicken Embryo Kidney Cells 

J . .·· . a 
· Total Incorporation of H Uridine ( cpm) 

Hours post

inoculation 

Energized 

Individual Meanb 

count 

Control 

Individual 

count 

b Mean 

Differencos0 

between means 

Degrees of 

Freedom 

a •. 
b. 
c. 
* 

36 

60 

. 68 

421 
444 

503 
521 

572 
.·.560 

512 

566 

375 

357 

472 
496 

51~ 

537 

366 +66.5 2 

L~84 +28 2 

+25.5 2 

total incorporation of 3H uridine per bottle of cells • number of indivlclual count x .) 
mean consist of. average counts per bottle · 
('+) sign·indicates a stimulating effect on cells grown 1n the enerr;lzed system 
significant at P .OS 

-

t 

* 4.5.5 . 

1.86 

J.67 

H 
H 
H 
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TABLE 30 

SUMMAHY 
Effects of Extremely Low Frequency of Electric Field on the Growth of 

Chicken Embryo Cells 

Cell Treatment ce11· Count Radioactivity 
System Average Hours Average Hours 

19-21 36-44 60-6J 67-68 19-J6 40-60 

Chicken 60 Hertz, 1v/m (-) (-)** (-)* (-)** (-) (-)** 
Embryo 60 Hertz, 10 °v/m (-) (-)* (-)* (-)* (-)* (-) Fibro-
blastic 75 Hertz, 1 v/m (-) (-)* (-)* (-)* (-)* (-)** 
Cells 75 Hertz, 10 v/m ND (+)* (+)* (+)** (+) (+) 

Chicken 60 Hertz, 1 v/m (-) (-) (-)** (-)** (-)I( (-)* 
Embryo 60 Her:tz, .10 v/m (-) (-) (-) (-) (-)* (-) Kidney 

. Cells 75. Hertz,. 1 v/m (-) (-)* (-)** (-) (-) (-) 
75 Hertz, 10 v/m. ND . (+)* (+)* (+)** * .. 

(+) (+) 

ND= not done 
* ... significant at P .05 
**•significant at P .01 
~-~- indicates less cell growth in energized system than control 
+•indicates more cell growth in energized system than control 

-

67-68 

c~>** H 
H 

(-)* 
H 

(-)** 

( +) 

(-)** 
(-) 

(-) 

(+) 

'° CX> 
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• III 

Table 31. Swmmey of ELF Fields; Cell Types, and Counting Methods 

Reported in Tables 1-30 

Table Ell Field Cell Count~ 
No. ~ Freg,uen£1 Strength ~1 Method 

1 MJ.g. 60 Hz 1 Gauss F Direct 
2 " II " 5 II F II 

3 " " ':" 8 II F II 

4 II II II 1 II K II 

5 II II II 5 II K II 

6 II " . " 8 " K " 
7 II II II 1 II F. 

.. 
Uridine 

8 " II II 5 " F II 

9 II " " 8 II F II 

10 " " II 1 " K " 
11 " II " 5 II K II 

12 II II II 8 II K. II 

13 Swmaey of Tables 1-12 
14 Elec. 60 Hz 1 v/m F Direct 
15 II " II 10" F ti 

16 II 75 " 1 II F II 

- 17 II " II 10 II F II 

18 " 60 II 1 II K " 
19 " II " 10 II K II 

20 II 75" 1 II K II 

21 " " " 10 II K II 

22 II 60· II 1 " F Uridine 
23 II II II 10 II F " 
24 II 75 II 1 " F II 

25 " " II 10 II F " 
26 II 60 II 1 II K " 
27 II II " 10 II K " 
28 II 75 II 1 " K " 
29 II II II 10 II K 

II 

30 S\UIIIDB.ry of Tables 14-29 

1 . 
F=ehick embryo fibroblast cells 
K=Chick embryo kidney cells 

- 2Direct=courrt by heJ11:>cyto:meter 
Uridine= count by uptake of tritiated uridine 
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PART IT 

THE INFWENCE OF A 5 GAUSS, 60 HERTZ MlGNETIC FIELD UPON 

G;ROWTH AND DEVELOPMENT OF THE CHICK EMBRYO 

by 

Wayne K. Durfee 

Peter J. Mirti~l 

S. Muthukrishnan 

1student in Research Participation Program, Department of Electrical 
Engineering. · 
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ABSTRACT 

JAi'.cy meas1,1I'ements of co
2 

production as well as embryo body weights 

at 6, 13, and 19 day-s of incubation were used to evaluate the effects of a 

single ELF mgnetic field of 5 gauss at 60 hertz upon growth and development 

of the chick embryo. 

The ELF ~etic field simulators designed for incubation (described 

in Part I) were used to expose the eggs to the uniform mgnetic field. An 

infra-red gas anal.y-zer (BeckDBn) was used to measure the CO production of 
·. .· 2 

•the embryos. ·Except for approximtely- a 60 minute period daily- for co2 

measurement, the treated eggs were continuously exposed to.the mgnetic field. 

Analysis of the data indicated that continuous exposure to a 5 gauss, 

e6o hertz :magnetic field bas no effect on metabolic activity of the chick· em

bryo as determined by embryo growth rate, co2 production during incubation, 

and hatchability. 

-
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GENERAL STATEMENT 

The interpretation of earlier experimental results in these laboratories 

(Parts I and III) supported the hypothesis that ELF mgnetic fields at an in

tensity of 5 gauss retard cell growth and probably retard embryonic develop

ment of the chick. To test this hypothesis further, an experiment was de

signed by which a number of chick embryos would be nxmitored daily for CO 
2 

production during nnst of the incubation period. It was felt that daily mea .. 

surements of co2 production would help define the stage(-s) of development when 

nagnetic radiation had its greatest effect, if any. The availability of the 

mgnetic field simulators designed for use in the Jamesway incubators (see 

Part I) as well as the relative ease of mking CO2 measurements with the Beck

nan infra-red analyzer added to the justification of this study. 

The appropriate nagnetic field coils (for the egg holding, incubation, 

• and hatching periods) were energized to provide continuous exposure of the 

treated embryos to a field of 5 ~auss and 60 hertz. 

-

:t.ATERIAI.S AND METHODS 

Previous experience had shown that the time required to physically 

change eggs in the CO2 analysis chambers would limit the. number of eggs which 

could be used, if measured individually, to approximtely 50. Refinements 

were mde in the procedure, however, which enabled a nru.ch larger number of 

measurements to be mde; by extending the usual ·work day to 12-14 hours, it 

was :possible to process more than 100 eggs in a single day. 

Early in June, 1974, eggs from flock mted pens of White Leghorns were 

collected, sorted, and held in equal numbers in either the nagnetic field or 

a similar control coil which was not energized. A:f'ter a three-day holding 
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period, 136 eggs were divided equally between the energized and control fields • 

of the incubator and were marked in such a way that they could be repositioned 

daily to rem:>ve incubator position and coil effects (front vs rear and upper 

vs lower coil). Sixty-eight eggs were set within the uniform field region of 

each coil. 

The use of red and green colored plastic filler-flats, cut to fit the 

simulator coils, simplified identification of the exposed (red=r) and con

trol (green=g) eggs. Half of the eggs in each group were then designated "X" 

and the other half "O" to facilitate record keeping· as their positions (front 

or rear in the coils) were alternated daily during incubation. In this way, 

each of the four groups of eggs thus identified (rx and ro = exposed; gx and 

go = control) had an equal opportunity to be in all locations used within the 

incubator for similar periods of time during incubation. Table 1 shows the 

schedule for the positioning of the eggs. 

After measuring CO2 production on the 19th day of incubation, all re

naining eggs which contained living embryos were transferred to hatcher-brood

er coils for hatching (see Part I). After hatching, the chicks were sacrificed 

and dissected for positive sex determination. 

Except for the brief (a.pproxinately one hour) period daily when CO
2 

mea

surements were :rm.de, the treated embryos were continuously exposed to the uni

form nagnetic field (5 gauss, 60 Hz). 

In order to m:>nitor co
2 

production of th~ embryos ·daily, appropriate and 

' 
equal numbers of control and exposed eggs were rem:>ved from the incubator coils 

hourly and transferred to the gas analyzer room where their temperatures were 

mintained at approxinately loo°F. The co
2 

ga.s analyzer (Beckman, MJdel IR 315) 

and the isolation chambers used for the eggs are shown in Figures 1 - 3. While -
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six chambers were functional, only four were used for egg measurements; the 

other two were used for contirruous monitoring of incoming air. For measuring 

CO2 production, individual eggs were placed in each of the four analysis cham

bers used. 

While it is conceded that the expression of CO2 production per unit of 

embryo body weight might be the mst accurate, it was not possible to mnitor 

CO2 production daily and at the same time establish embryo body weights daily. 

Therefore samples of eight control and eight exposed embryos were sacrificed on 

the sixth, thirteenth, and nineteenth days of incubation for body weight de

terminations af'ter measuring their co
2 

production. All other eggs were allowed 

to continue development and their weights were recorded daily. 

The data were processed and the statistical analyses were performed on 

the IBM 370 Call Operating System at the URI Computer Center. The results 

• placed on data files were in terms of: whole egg weight, embryo weight, co2 

production per embryo, CO2 per unit of embryo body weight, and co2 per unit 

of whole egg weight. The t test was used to evaluate significance of the 

differences. 

-

RESULTS AND DISCUSSION 

The results of this experiment are sUJI11IBrized in Tables 2 through 5. In 

each case, the mean values of a given parameter are compared between exposed and 

control embryos. The t test was used to compare the differences between these 

means. It had been decided that for the difference to be considered valid, the 

t test must produce at value greater than the critical value required for a 

five perce~ level of significance. To accept a difference as valid, therefore, 

the probability of being in error must be less than five percent. In mst 
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cases the computed t value was less than the critical value for even a ten 

percent level of significance. Therefore, the chance of being in error would 

be greater than ten percent if we accepted this difference as significant. 

Table 2 gives the comparison between exposed and control embryos for 

co2 production in terms of milliliters of CO2 per hoin- per kilogram of embryo 

body weight. For each day, the computed t value is less than the critical 

value required for a ten percent level of significance. Therefore it must be 

considered that there is no difference in co
2 

production between exposed and 

control embryos in the terms given. 

Table 3 shows a comparison of mean embryo body weights between exposed 

and controls at 6, 13, and 19 days of incubation. Age.in, the computed t values 

are less than the critical t values required for any of the differences to be 

considered significant. Since there were no apparent differences between ex

posed and control embryo body weights, it was decided to compare mean CO pro-
2 

duction between control and exposed embryos in terms of milliliters of CO2 per 

hour per embryo (or egg). This allowed daily comparisons of co
2 

production. 

The results are sUlllDllrized in table four. Except for days seventeen and eigh

teen, the differences were not significant at even the ten percent level. For 

day eighteen, the difference was significant at the ten percent level but not 

at the desired five percent level. Day severrteen was the on4' one in which 

the differences between the controls and treated embryos were significant 

above the five percent level. 

• 

-· 

The same data are presented in Table 5 in terms of milliliters of co2 per 

hour per kilogram of whole egg weight since it is recognized that embr.,o weight 

is greatly influenced by egg size, especially in the later stages of development. 

As expected, these results were comparable to those in Table 4 and indicate that 

-
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both are reliable, if somewhat imprecise methods of expressing embryonic CO 
2 

production. Since the embryos do not need to be sacrificed to express co2 
production in these manners, they have distinct advantages in experiments 

where later perfor:mnce of the bird is to be evaiuated. 

The CO2 production data of the controls and exposed chicks in Tables 4 

and 5 were combined and graphed in Figure 4. 

In this experiment, the single significant difference in CO2 production 

between controls and treated embryos at 17 days of incubation was not consider

ed sufficient evidence to conclude that the ELF :mgnetic field used had a con

sistent. effect on chick embryos. 

A:rter co2 measurements were :mde on day 19, and a:rter eight exposed and 

eight control embryos were removed for body weight determinations, the re:min

ing 29 eggs of each type were transferred to appropriate hatcher-brooders where 

all hatched, approxi:mtely on time. The unusual handling procedures used through-

out the experiment apparently had not affected survival of the embryos. 

Subsequent. anatomical examination of the .hatched chi.cks revealed a mle/ 

fem.le ratio of 12/17 in the control group and 21/8 in the exposed group. The 

significance of this observation is unknown since it is·~t variance with gross 

observations made earlier (Pa.rt I), but indicates that sex at hatching time 

should be m:>re carefully recorded, whenever possible, in future work. 

'CONCllJSIONS 

The results of this experiment indicate that eoDtinuous exposure to a 

5 gauss, 60 hertz magnetic field has no effect on metabolic activity of the chick 

embryo as determined by growth rate and co2 production during incubation. 
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Figure 1. Front view of the Beckman infra-red gas analyzer (M::>del IR 315). 
co2 recorder is at top left; six individual gas flow meters are at center. 
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Figure 2. Heated compartment housing six isolation chambers for collecting 
co2• Shown are the stoppered cylindrical chambers for eggs (front center), 
air drying chambers (top), heater (center, rear), temperature controller 
(top, left), and associated tubing. Opening is covered dm;-ing operation. 
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TABLE 1 

• SCHEDULE·FOR POSITIONING OF EGGS WITIDN THE 

INCUBATOR. 

SEr POSTIION . 
DAY ENERGIZED con,. FJ;lONT REAR 

0 upper. rx,gx ro,go "\,.~~"-

1 lower rx,gx ro,go 
2· upper ro,go rx,gx 

3 lower ro,go rx,gx. 
4 upper rx,gx ro,go 

5 lower rx,gx ro,go 
6 upper ro,go rx,gx 

7 i.ower ro,go' rx,gx 
8 upper rx,gx ro,go \ 
9 low-er rx,gx ro,go 

10 upper ro,go rx,gx 
11 lower ro,go rx,gx.~ 
12 upper rx,gx ro,go 
13 lower rx,g:x ro,go · 

• 14 upper ro,go rx,gx 
15 . lower ro,go rx,gx 
16 upper rx,gx ro,go 
17 lower rx,gx ro,go 
18 upper , ro,go rx,gx 
19 lower ro,go rx,gx 
20 upper rx,gx ro,go 
21 ··1ower rx,g:x. ro,go 

NOTEz exposed eggs(r groups) are always in the energized coil. 
control eggs(g groups) are always in the alternate coil. 

-



-T.ABLE 2 

COMP.ABISON BETWEEN MEAN CO
2 

PRODUCTION (ml CO2 /hr/kg of embryo body weight) OF 

CONTROLS AND EMBRYOS EXPOSED TO A 60 Hz, 5 GAUSS MAGNETIC FIELD 

DAY .T.REA.TMENT 

6 Exposed 

Control 

13 Exposed 

Control 

+9 Exposecf' 
. 1. 

Control 

NUMBER OF· 
EMBRYOS 

8 
8 

8 

8 

8 

8 

ME.AN 

1780. 
1600. 

• 901. 

912. 

720. 
719. 

STANDARD 
DEVIATION 

343. 
"367. 

21.9 

52.5 

VARIANCE 

118000. 
135000. 

.1290. 

7950. 

482. 
2760. 

DEGREES OF 
FREEDOM 

14 

14 

14 

-* . . .. Critical t value at a 10 percent level of.significance. 
\ l Embryo body weights include yolk 

COMPUTED CRITIC.AL* 
t VALUE' t VALUE 

0.63551 1.34500 

-

I-' 
I-' 
I\) 
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TABLE 3 

COMPARISON BETWEEN ME.AN EMBRYO BODY WEIGHTS (grams) OF CONTROLS .AND EMBRYOS EXPOSED 

TO A 60 Hz, 5 GAUSS MAGNEI'IC FIELD 

DAY TREATMENT 

6 Exposed 

Control 

13 Exposed 

Control 

15) Exposed1 

·Control1 

NUMBER OF 
EMBRYOS 

8 
8 

8 

8 

8 

8 

ME.AN 

0.357 
0.396 

29.4 
29.0 

STANDARD 
DEVIATION 

0.062 

0.1.53 

0.706 
0.700 

1.69 
.2.02 

VARIANCE 

0.00384 
0.0233 

o.499 
o.490 

2.84 
4.10 

DEGREES OF 
FREEDOM 

14 

14 

l.4 

. . . . * . ' . Critical t va.l.ue at a 10p;;)~cent level o-.f significance. 
1Embryo body.weights include yolk 

COMPUTED CRITICAL* 
t V.ALUE t V.ALUE 

0.57217 . 1..3'+500 

_0.80820 1.3'+500 

o.42810 1.34500 

-

I-' 
I-' 
w 
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COMPARISON BETWEEN M&AN CO2 PRODUCTION (ml CO2 /hr/embryo) OF CONTROI.S AND 

EMBRYOS EXPOSED TO A 60 Hz, 5 . GAUSS MAGNETIC FIELD 

NUMBER OF STANDARD DEGREES OF COMPUTED CRITIC.AL* 
DAY TREATMENT EMBRYOS MEAN DEVliTION VARIANCE FREEDOM t VALUE t VALUE 

6 Exposed 45 0.627 0.059 0.00358 88 o.40831 1.28900 
Control 45 0.632 0.094 0.00877 

7 Ex:posed 47 0.820 0.082 o.oo68o 92 1.o6705 1.28900 
Control 47 0.803 0.065 o.oo417 

8 Exposed 47 1.04 0.115 0.0134 92 0.33542 1.28900 
Control 47 1.03 0.081 o.oo655 

r;. 

9 Ex:posed 47 · l.37 0.132 0.0174 92 0.55318 1.28900 
Control · 47 l.35 O.ll4 Q.Ol3l . 

.. 
10 Exposed 47 l.91 0.183 0~0336 92 0;20216 1.28900 

Control 47 l.,90 o.15l 0.0229 

* Critical t value at a 10 percent level of signi!icance 
for 120 degrees of :freedom. 1-J 

1-J 
+=" 
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COMP.ABISON BETWEEN MEAN CO2 PRODUCTION (ml CO2 /hr/embryo) OF CONTROLS .AND 

EMBRYOS EXPOSED TO A 60 Hz, 5 GAUSS MAGNETIC FIELD 

.. 
NUMBER ··OF ST.AND.ARD 'DEGREES OF.· COMPUTED CRITIC.AL* 

D.~Y TREATMENT· EMBRYOS ME.AN DEVIATION V.ARIANCE FREEDOM t VALUE t VALUE 
,, 

11 · Exposed 46 2.56 0.284 o.o8o4 90 0.36463 1.28900 
Control 46 2.58 0.257 :_,0.0663 

12 Exposed 46 4.77 o.463 0.214 90 0.98712 . 1.28900 
Control 46 4.68 o.444 0.197 

13 Exposed 45 6.92 0.596 0.355 88 1.00554 1.28900 
Control 45 6.79 0.574 0.330 

14 Exposed 37 9.58 0.832 0.693 72 0.00157 1.28900 
Control 37 9.59 0.825 0.681 

15 Fxposed ·37 12.3 1.13 1.27 72 0.08571 1.28900 
Control 37 12.3 0.930 o.864 

* Critical t value at a 10 percent level.of significance 
for 120 degrees of freedom. ,_, ,_, 

\J1 
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TABLE 4 c 

COMPARISON BETWEEN MEAN CO2 PRODUCTION (ml. CO2 /hr/embryo) OF CONTROLS .AND 

· .. EMBRYOS EXPOSED TO A 60 Hz, 5 GAUSS MAGNETIC FIELD 

NUMBER OF ST.AND.ARD PEGREES . OF . COMPUTED CRITIC.AL * 
DAY TREATMENT EMBRYOS MEAN DEVIATION V.ARI.ANCE FREEDOM t V.ALUE t V.ALUE 

16 Exposed 37 16.5 1.19 1.42 72 1.274o6 1.28900 
Control 37 16.9 0.994 0.989 

1.47 1.96561 ** 17 Exposed 37 19.3 1.21 72 1.658oo 
Control 37 19.9 1.23 1.52 

18 1.62 1.-46616 1.65800 ** Exposed 37 20.1 1.27 72 
Control 37 20.6 1.36 1.84 

19 ~osed 37 · 21.2 .1.32 1.74 · 0.51318 1.28900 72 
Control· 37 21.4 1.37 1.87 

* Critical t value at a 10 percent level of significance 
for 120 degrees of freedom. 

** Critical t value at a 5 percent level of significance 
for 120 degrees of freedom. 

-



• 
COMP.ARISON BETWEEN MEAN CO2 PRODUCTION (ml CO2 /hr/kg of whole egg weight) OF 

CONTROLS AND EMBRYOS EXPOSED TO A 60 Hz, 5 GAUSS MAGNEI'IC FIELD 

NUMBER OF STAND.ARD DEGREES OF COMPUTED CRITIC.AL* 
DAY TREATMENT EMBRYOS M&AN DEVIATION V.ARIANCE FREEDOM t VALUE t VALUE 

6 Exposed 45 10.8 1.18 1.39 88 0.55672 1.28900 
Control 45 10.9 1.58 2.50 

7 Exposed 47 14.3 1.66 2.76 92 0.69759 1.28900 
Control 47 14.l 1.20 1.45 

8 . Exposed 47 18.3 2.:,6' 5.55 92 0.09099 1.28900 
Control 47 18.2 1.42 2.01 

9 Exposed 47 24.1 2.51 6.31 92 0.18112 1.28900 
Control 47 24.o 2.11 4.45 

10 Exposed 47 33.9 3.22 10.4 92 0.30311 1.28900 
Control 47 34.2 3.59 12.9 

* Critical t value at a 10 percent level of significance 
f:: for 120 degrees of freedom. 
~ 
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COMPARISON BETWEEN_ MEAN CO 2 PRODUCTION (ml CO 2 jnr/kg of whole egg weight) OF 

CONTROLS .AND EMBRYOS EXPOSED TO A 60 Hz, 5 GAUSS MAGl'{ETIC FIELD. 

NOMBER OF ST..ANDARD DEGREES OF COMPUTED CRITICAL* 
DAY TREA'l'MENT EMBRYOS MEAN DEVIATION V.ARIANCE . FREEDOM t VALUE t VALUE 

ll Exposed 46 45.6 5.22 27.3 90 0.69095 1.28900 
Control 46 46.4 5.33 28.4 

t:! 

12 Exposed 46 85.8 8.40 70.5 90 0.52735 1.28900 
Control 46 85.0 8.10 65.6 

13 Exposed 45 l?-5. 10.2 lo4. 88 o.49584 1.28900 
Control - 45 124. 10.9 120. 

14 Exposed 37 176. 16.8 281. 72 0.01865 1.28900 
Contro1 37 176. 16.7 279. 

15 Exposed 37 226. 21.7 470. 72 o.1o432 1.28900 
Control. 37 227 19.1 364. 

* ~ 
Critical t value at a 10 percent l.evel of signifioanoe 
for 120 deg;_ees of freedom. 

0) 
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COMP.ARISOM BE.rWEEN. MEAN CO2 PRODUCTION (ml CO2 /hr/kg of whole egg weight) OF 

CONTROLS AND EMBRYOS EXPOSED TO A 60 Hz, 5 GAUSS MA.GNBID:C FIELD 
-

NUMBER·OF STANDARD DEGREES .OF COMPUTED CRITIC.AL* 
DAY TREATMENT EMBRYOS MEAN DEVIATION VARIANCE FREEDOM t VALUE t VALUE 

16 Exposed 37 307. 23.9 572. 72 1.17044 1.28900 
Control 37 314. 21.6 467. 

362. 26.8 718. 
..... 

17 Exposed 37 72 1.70115 1.65800 
Control 37 372. 26.9 725. 

18 Exposed 37 380. 28.8 828. 72 1.35795 1.65800 ..... 
Control 37 391. 30.2 913. 

19 Exposed . 37 4o4. 28.4 805. 72 0.52620 1.28900 
Control 37 408. .. 32.1 1030 • 

* Critical t value at. a 10 percent levelof significance 
for J.20 degrees of freedom. 

*it 
Critical t value at a 5 percent level of signif'ioance 
for 120 degrees of freedom. 

' 
.... .... 
'° 
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