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SUMMARY PAGE
PROBLEM

Recent developments in communication systems have generated conslderable interest
in the physiological and psychological effects of nonlunizing radiation. Nonionizing ra=
diation exists in that region of the spectrum by which quantum energy levels are insuffi-
cient to remove slectrons from thels parent afoms., The Blomedical Division af this
Laboratory Is engaged in a research effort to determine whether man can be exposed safely
to electric and magnetic fields in the extremely low frequency (ELF) region of the specirum.

FINDIMGS

Ten subjects ware confined for periods up to 7 days and during this time were exposed
to a low intensity magnetic field (10'4 Wb/m2 at 45 Hz) for periods up to 24 hours, Five
subjects were confined hut were not exposed. A lofge battery of physiologleal and psy~
chophysiological tesis were givan throughout the confinement period.

No effects were seen that could be definitely linked with the magnetic fleld; how~
ever, serum triglycerides in most subjects appoared to be affected by some factor or com~
* bihatlan of fustors assoclated with tha experimental protocol. Serum t.iglvuerides in 9 of
the 11} exposed subjacts rouched a maximum value 24 to 48 hours after the ELF field ax«
posute, Similar trends were not seen in any of the § control subjecis. The number of
subjects s too small, however, to exclude statis.lcally other fuctors such as psychaphysio=
logleal reactions to forced chdnges in personal llving hablts, modifled activity, restricted
diet, and confinement, A final sonclusion must awalt further experiments and the estab-
Itshment of o relationship between fieid strength and physiologleal effects, as well us
establishment of o threshold for the offect .
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INTRODUCTION
¢ .'I

Recéa'\r developments in communication sysfen.s have qenerafed considerable interest
in the pl\,)mioiog\cal and ps/chologlcc:( effects of nenionizing radiation. Nonionizing
mdlahoyﬂ Bxists in that region of the: electromdgnehc spectium in which quantum energy
levels at ) insufficient to remove electrons from their parent ajems, On the frequency
scale, if?; nontonizing range extends from zero te approximataly 1019 Hz*, slightly above
the visibie spectrum. The Blomedical Division at this Luboratory Is engaged In o resedrch
effort hr,) determine whether man can be expased safely 1o olesiric and magnetic:flelds in
the exttedimely low frequency (ELF) tegion of the specfrum below 100 Hz. Persinger (23)
recenﬂy{revaewed the psychophysiological effects of ELF electromagnetic fields and re-
porfed sime physiological effects on animals and man. None were fatal or debilitating,
and st of the effects were subtle and were revealed only with sophichalad apparatus
und st::.!‘fsﬁcdl methods ,

'lh{i exposure of human subjeats to ELF flelds described tn this report was preceded by
a numbier of animal experimenty (5,8,9), In these exporiments with lower primates, no
blolog! ‘cal effects of f!w selected alfernuting clactrical and magnetic flelds ware observed.
The mwgnehc flald sirength In the animal experiments was 10 times higher thun that in
later human exposura, and the animal exposure periads extended up to 6 wed ks, Based on
this experience, human volunteers were exposed to ulternating magnetic fiew: #t 45 Hz
and a fleld strength of 10”4 Wh/m? for periods up fo 1 day. The results of o batiwy of
physiological, psychological and elinical chemical tests were negoiive with one e.ccep~-
tHon: a significant increase of serum triglycerides wes observed in man 1 to £ duys after
exposure ,

The oxperlmeniul conditi:1s under which ihis cbservahon was made will be described
in defail, .Orher test mathods which showed negative results will be treated briefly to
alle 7 an appreciation of the clinlcal und physiological approach taken In this study . This
pilot study is expected to furhish directions for further, more specific Investigations,

METHODS AND PROCEDURE
ELECTROMAGNETIC ENVIRONMENT

The facllity for long=term exposure of human subjects fo an alternating magnetic
tleld Is shown in Figure 1. A large coil system enclosed a 2.4 m x 4.8 m platform. With=-
in this area at one end of the platform was a full bathroorn (2.4 m x 1,2 m), Plumbing
fixtures, including plpes, were mastly non-metallic; exceptions were valves and connec=
tors 5 small that induced currents were Insignificant, Subjects were confined to the plat-
form for the entire experimental period.

. A N e W e Gm e e

*All units and symbols in this report conform to: The International System of Units (S1),
NBS Special Publication 330, 1972 edition.




Figure 1

Large coll system af NAMRL that enclosed o subject area 2,4 m x 4,8 m. Within this
area at the far end of the platform was o full bathroom (2.4 m x 7.2 m). The coil system
that surrounded the plutform had four separate coils, With the systern energized at 3 A
(rms) ar 45 Hz, the magnetic flux density wes measured at 83 }j’)oints uiwiformly distributed
over the subject area. The mean flux density was 1,03 x 107" Wh/m# and the standard
daviation was 7% of the mean.



The coil system surrounding the platform was constructed in o ..quare-BarIee\ Four con=
figuration with 3.6 m side lengths. Each outer coil had 72 turns and each inner coil had
32 turns. The outer coils were 0,9 m from the adjacent inner coils, and the two inner
colis were separated by 1.8 m, The coils consisted of insulated. sisonded wire (1/0 AWG,
0.3 a/km) wound on wooden frame ,

The system had o total inductance of O, 16 H, “and tuning capacitors were required to
balance the inductive impsdance, Such coil systems are usually tuned by placing a ca=
pacitor bank in series with the power source and coil system. Undar these conditions,
however, an electric fiald Is generated batween the coil sections, and the biological ef-
fects of the magnetic field cannot be studied separately from the effects of the electric
field. The undesirable electric field can be minimized by breaking each voil section at
its center und connecting the segments and capacitors in such a way that the electric
field generated by each coil segment is canceled by the glactric field generated by an-~
ather segment of the same coil, The construction of large coil systems with minimal elec~
tric field interference is described in o separate report (12), The uxial electric field in
the test facility (Figure 1) was held to 0.08 V/m as compated to the 3,4 V/in field that
would have resulted if conventional methods were used, The vertical electric fiald wes
0.1 V/m and was generated primarily by fluorescent lighting fixtures in the building., The
walls and roof of the building hat housed the coll system were constructed of sheet metal
and grounded to the earth, thus shielding the interior of the butlding to a cortaln degree
from outside electric flelds. '

The magnetic field was generated by electric current supplied by o Control System
Research DC Servo Amplifier, Model 2000 PRA., The desired frequency and waveform
were produced by o Hewlett=Packard Function Generater, Modal 203A, The coll system
was energized by 3 A (rms) ot 45 Hz, The magnetic flux uensii'y was measured at 83
points uniformly disiributed over the confinement space., The mean flux density wes
1.03 x 104 Wh/m#, and the stundard deviation was 7% of the mean. The field was in
an east~west horizontal direction fo minimize Interaction with the geomagnetic fleld
which was approximately 0.5 x 1074 Wh/m? in « northerly direction at an angle of 55°
below the horizen. The instantaneous field was the vector summation of this steady geo-
magnetic fleld and the 45-Hz field.

SUBJECTS

The 13 subjects were Navy men of general good health between the ages of 19 and
28, Subjects MN, PS, SN, and DY were commissioned sificers who had been dropped for
various reasons from the flight program. Subject PO wes an aviation officer sandidate
who had voluntarily left the flight program. Subjects BR, MY, WD, FA, and LS were
aviation officer candidates who were physically unquualified to be aviators, and subjecis
BN, CS, and RE were Navy corpsmen assigned fo this lahoratory .

All sunjects were given a thorough briefing prior to the expetiments and were told the
effects previously reported in the literarure, The subjects were not pressured in any way
to participate; fo the contrary, they were specifically asked rov to volunifeer if they had
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any reservations, Those who voluntaered signed o cansent document, which described ihe
purpose and the procedure of the experiment. The men were given a physical examination
that served to screen out subjects having abnormalities that might increase the personal
risk or make them unsuitable to participate in any one of the tests. These medical data
contributed also to the pre=-exposure baseline duta,

EXPOSURE PROCENURE 1

A total of 13 subjects participated in the study -8 were exposed to the altemating
field, and 3 served as controls without exposure, The remalning 2 subjects were exposed
Vo the fleld in one test run and served as confrols i another run, Two exposute times
were used: 2 subjects were exposed for 10 hours and 8 subjects for 22,5 hours,

The. exposure occurred near the middlp of a 1=-week perind during which the subjects
were confined tb the large ELF chnlaty. All subjects were told in advance that they
would be oxposed for a certain time during the confinement period; however, they did not
know when the field would be turned on, und clues such as changes in experimental pro=
cedure or buckground noise were carefully eliminated. The five control subjects were un-
aware they would serve as controls without field exposure,

VITAL SIGNS

Body temperature, heart rate; respiration rate and blood pressure ware. taken at 0600,
1000, 1400, 1800, and 2200, Blood pressure was measured with an Avionics Research
Producrs Prmsutomwen, Model 1900, Electrocardiograms were measured with a Hewlett~
Packard Model 1514A ECC system,

BLOOD CHEMISTRY ANALYS S

Fasting (14~=hour) bloed samples were taken immediately ofter the subjects were awak -~
ened at 0600, A complete blood count and sedimentation rate were determined. The
serum wat dnalyzed by autoanalyzer methods (Technicon Analyzers SMA 12/60, 6/60 and
AA1). The following determinations were made: total protein, albumin, calelum, th=
organic phosphorus, cholesterol, uric acid, creatinine, total biiirubin, alkaline phos~
phatase . creatine phospholdncse (CPK), lacfum dehydrogenasa (LDH), glutamic oxulo=~
gcetic transaminase {SCOT), chloride, CO9p, potassium, sodium, blood ureu nitrogen,
gluco*e and serum triglyceride., Thyroid function was measured Irxdnecily by T=3 uptake
and T-4 concentration.

Since the serum triglyceride levels were altired in the exposed subjects, the analyti=
cal method is described in detail: The triglycerides wure determined by the fluoron.afric
method adapred for the autoanalyzer by Leon, Rush, and Turrell (19). With this method
the glycerine is oxidized to formaldehyde and flucrometrically determined as 3, 5~
diacetyl-1, 4~qihydrolutidine. The procedure was supervised by un experienced clintcal
chemist (Dr. T. E, Wheeler) and with the help of con!inuous use of standards, the results
showed a standard deviation of 7% of the mean.



The so~called "lipoprotein phenotyping" was ulso carried out. The four major lipo-
protein bands were separated by electrophoresis. The relative disiribution of these bands
and the serum cholestarol and triglyceride measurements were used to determine the
phenotype according fo the criteria set forth by the Warld Health Organization (1),

URINALYSIS

All urine output was measuted and samples analyzed from collections at 0400, 1000,
1400, 1800, and 2200, Sodium, potassium, creatinine, specific gravity and total yrine
nitrogen were determined. '

' i

RESPIRATORY GAS ANALYSIS

- Altmann (2) reported significant changes in *he oxygen consumptlon rate of several
animal spacles durlng exposure to electric fields; therefore, respiratory gas analysis was
included In the test baitery to provide an indication of the oxygen consumption rate and
the type of metabolltes consumed under basal conditions;

Gas samplos were taken immediately after the blood sumples had been drawn. The
subject was recumbent and breathing through o two=way valve. Expired gus was collected
In a Douglas bag for 10 minutes. The intal expired volume was measured and analyzed by
the Huldane method for oxygen and carbon diexide soncentration, From these meusure=
ments the oxygen consumption rate and the nespiratory quotient were calculated,

PHYSICAL STRESS

The physical stress test was designed to produce a rapid and coordinated cardiovas -
cular, neuramuscular, and metabolic response. ELF fleld impairment of these systems
would be indlcated by changes in the cardiopulmonary daty collecied during this test.
Stress wos induced by having the subject pedal the ergemeter, shown in Figure 2, at 80
revolutions per minute, The fuce mask contalned a Fleisch Pheumotachograph to measure
the instantancous rate of respiratery flow, Two smail tubes were mounted axially with the
air stream to sumple gas flowing through the pneumotachograph. Ore sample tube was
connected to o Beckman LB=1 carbon dioxide analyzer end o second sample iube to a
Waestinghouse 211M oxygen analyzer., Analog signals proportional to flow rate, carbon
dioxide concentration, and oxygen concentration were recorded on magnetic tape. An
electrocardiogram (ECG) from chest electrodes was also recorded continuously throughout
the test,

The data were recorded for 3 minutes befere the subject began exercising. He then
erercised for 3 minutes at 65 W. During the next 1-minute rest period, blood pressure
was recorded and the workload was increased to 81 W, The subject exercised for 3 more
minutes, This sequence continued with the workload being incressed in increments of
16 W until the subject's heart rate wos between 160 and 180 bpm during the exercise pu~
riod. In the following 1-minute rest period, the mask was remeved, A nose clip was
attached and the subject began breathing through a two-way valve. At the end of this

5



Ergometer used in physical stress test, The face mask contained a Fleisch Pneumotacho-
graph to measure the instantaneous rate of respiratory flow, Two small tubes were mount-
ed axially with the air stream to sample gus for the Beckman LB~1 carbon dioxide analyzer
and the Westinghouse 211M oxygen analyzer. All data including an ECG were recorded
on magnhetic tape .



rest period, he worked at the same load used in the lust exercise period. Expired air
passed to the atmosphera through o hose and tee valve, After 1 minute of exercise, ‘the
subject had purged the hote of ambient air and his heart rate had returned to the range
betwoen 160 and 180 bpm. The tee.valve was then turned to allow collection (Douglas
bag) of alliexpired gas during the next 3 minutes of exercise. A recovery peruod followed
during which the subject remained seated on the ergometer until his heatt rate fel! below
100 bpm. The test was given to one subject at 0930 and fo the other subject of 1400,
The field was turned off for this test, because the 45-«Hz magnetic fleld would have in=
duced a voitege in the ECG electrodes that would have completaly masked the ECG
recording ., .

REACTION TIME

Reaction time has been used to study psychophysiological effects of potentially stress=
ful environments, Several investigators, K8nig (16), Haner (13), and Friedman (8), re-
poried siight changes In humian redction time during exposure to ELF fields below 10 Hz,
A new technique to measure and analyze reaction fime was developed in this laboratory
(11) (Figure 3). The stimulus was o 1000-Hz audio tone presented bilaterally to the sub=
joct by a set of earphones, When he heard the tone, he opened a switch ihc:f was nor
molly closed, The tone stopped when the switch was opened, und the time interval bg=
tween onset and termination of the tons was measured and recorded as reaction time for
one trial, The trials were repeated ot random intervals betwaeen 0.8 and 4.0 seconds
uniil the resulis from 300 trials were accumulated by a Hewlett=Packard 5451A Fourier
Analyzer. The probability density function wus then computed and plotted as shown in
Figure 4. The arithmetic mean and 20 probability points ot 5% increments were com=
puted to the nearest millisecond and printed on a telatype, The entire procedure from
(the first stimulus to the last bit of printed daru required less than 20 minu%es.

The value for the first 5% increment is a measure of the subject's fustest reaztlon
time, It s mote stable than any of the other parameters and depends on the stete of phys-
iologival factors such as conduction velecity and synaptic delay . The 95% increment is
a measure of the subject's slowest reaction time. It Is more variable than anv of the other
parameters ard depends on the state of psychophysiological faclos such as alertness and
concantration, If the subject maintains a high degree of alertness und concentration
througheut the session, he will produce u response pattern similar to that shown ot the top
of Figure 4. If he is not alert or cannot concentrate on the task, he will produce a pat=
torn similar to that ar the boitom of Figure 4. Most subjects have response putterns be-
tween these. two extremes, During the presant experiment, each subject was tested be=
tween the hours of 0730 and 0830 and between 1230 and 1330 daily. '

PUPILLOGRAPHY

The continuous measurement of pupil diameter in response to a light flash has been
applied clinically te identify certain neurological disorders (20), In recent years con-
tinuous measurement without a flash hod been used to evaluate fatigue ttates or the
ability to remain alert (27,28). The underlying theory for this application is that pupil



I Sty
U

RENR LN
v

A

2

Reaction time test. The subject opened a switch in reaction fo a stimulus, a 1000-H:
torie., The time interval between stimulus and reaction was recorded, Trials were repeat-
ed at random intervals be'ween 0.8 and 4.0 seconds until the resulis of 300 irials hod ac~
cumulated. The mask served only to reduce visual distractions.
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Reaction time test. The reaction time patterns in ihe top portion show a subject who was

alert and concenirating on the task; the patterns in the bottom portion show a subject who
was drowsy and fatigued and could not maintain a high level of concentration. Most sub-=
jects have response patterns between these two extremes. The minimun; reaction times are
primarily a function of physiological factors; the maximum reaction times indicate the ex~
tent to which psychelogical factors are involved in the reaction process.
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diametar is determined by the antagonistic relationship between the radial and sphincter
muscles of the iris. These muscle groups are respectively innervated by nerve fibers from

- the cervical sympathetic gonglion and the oculomotor nucleus. During periods of arousal,

sympathetic stimulation Increases while parasympathetic outflow from the oculomotor nu=
cleus s inhibited. Conversely, during periods of drowsiness, sympathetic activity de~
creases and parasympathetic activity Increases. These activity changes in the autonomic
nervous system can be demonstrated Ih a continuous recording of pupil diameter. If o
fatigued subject is seated quietly In a darkened room, the pupil diameter will gradually
decrease as autonomic activity becomes mare purasympathetic and less sympathotic. The
decline in pupil diameter may be interrupted by periods of arcusal followed by gradual
decline. Recordings of these reduced pupi! diameters may also contain rhythmic waves

. with a duration between 2 and 10 seconds and an amplitude usually less than 1.5 mm.

Yoss, Moyer, and Hollenhorst (28) used pupil diameter and thesa spontaneous waves to
classify progressive stages from alertness through drowsiness to sleep,

{

In this series of experiments, pupil diametor wos measured by a Whittaker TV Pupil-
lometer Model 800 shown in Figure 5. A talevision camera and an infrared light source
were attached to the same mechanical supports. They were adjusted to provide maximum
ilumination al the focal point of the lens., The entire support could be moved horizon=
tally and verttcally to fix the subject's eye af the focal peint. The video output of the
camera was transmitted to @ monitor containing additional elnctronics to measure the
maxImum diameter of the pupil. Av analog output propertional to pupll diameter was
available from the montior unit and was recorded continuously throughout a 15=minute
test session,

A complete recording from a measurement sossion is shown In Figure 6. At the be-
ginning of this session the subject’s pupll dianieter was falrly stable at 6 mm. During the
third minute the diameter decreased and pupillary waves began to uppear. The deciease
continued to approximaiely 4 mm and the amplitude of the pupitlary waves Increased.,
After 11 minutes, ptosis oceurred. The remaining record Is a cyclic repetition of spon-
taneous recovery, gradual decline with ptosis, and spontancous recovery. Each subject
wus fested between the hours of 0730 and 0830 and between 1230 and 1330 each day of
confinement,

SCOTOPIC CRITICAL FLICKER FREQUENCY (SCFF)

The apparatus and technique for measuring SCFF was developed at this laboratory
(10). The procedure was included in this test battery because it is u broad spectrum in=-
dicator of central nervous system siress, A block diagram of the apparatus is shown in
Figure 7. An electroluminescent lamp provided a uniform light source subtending o large
visual angle. The voltage-controller oscillator modulated the lomi- and provided a con-
stant rate of frequency advance from a randomly selected starting poini up to the subject's
threshold. The pulse generator was triggered at 4.5-second intervals by o rate generator,
The 2.5-second pulse raised the oscillator frequency above the subject's thrashold without
changing the intensity of the stimulus, thus the suibject could compare a flicker and fused
conditiun continually throughout the measurement period. At the beginning of the

10
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Pupillometry test. The pupitlometer consisted of o television camera and an infrared light
source attachad to the sume mechanical supports, They were adjusted to have maximum
iHumination at the focal polnt of the lens. The video output of the camera was conneciad
to g monitor containing additional elactronics to measure the maximum diameter of the
pupil. An analog output proportional to pupil diameter was available from the monitor
unit and was recorded continuously throughout a 15=ainute test session.
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2=second Ni'c:’keriné period; the subject tapped.a remots reset switch, which caused the
waveform period to bie measured by the electronic countér and recorded by the dligital
recorder. The sequence continued until the lower flicker frequeiicy also exceeded the

subject’s threshpld, The last untry on the recorder was the period of the hiyhest fre~
quency for whiel the subjest detectad flicker, This fest was given betwaen the hours of
v 0730 and 0830 and betwaen 1230 and 1330 daily,

Elactroluminescent AC 400 Hz
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Block Diagram of Apparatus sod to Maasure Scotoplc Critlcal Flicker Frequoney
PSYCHOLOGICAL TESTS

The following tests were glven In cooporation with the Acrospace Psychology Depart+
ment at this Luboratory, Each tost was performed twice dally and the sessions bagan ot
1030 and 1500 hours, The tost produduic Is includod to provide the reader with an appre~
clatlon of tha upproach; however, the data were analyzed by the Psychology Department
and the roaults will be presontod in o soporate NAMRI repert.

SHORT-TE: LAEMORY

Genoral Dynamics' Response Analysis Tester (RATER), Model 3 (Figure 8), was used
to appralse time for decislon making and short~tarm memory . The subjoct's portion of the
apparatus is shown on the right and consisted of o display screen with four response keys.
The oparator's console i shown an the left, but It was remote fran the subject during
testing. The test was given for four modes of operation. All moaes required the subject
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to match one of the response keys to one of four possible symbols (plus, circle, square,
triangle) as each was projected in a random sequence on a back~lighted screen, In the
self-pace mnde ¢ new symbol was prerented ofter the subjeci's correct response. In the
auto=pace mode ¢ new symboi was presentod every 1.5 seconds and the subject had #n
respond within this time. In the auto~pace-deldy~one mode the subject pressed the key
corresponding to the symbol presented prior to the current presentation. In the auto-
pace=delay«two mode the subject pressed the key coresponding to the secend presenta«
tion prior to the current presentation. In the auto~pace~delay «three mode, the subject
prossed the key covresponding to the third presentation prior to the current presentation.,
Each testing mode roquirad T minute, The subjects were scored for total presontolions,
total responses, and correct responses.

TRACKING

Coordination In continuous mode wos tostod In o tracklng fask, The subjeat's portion
of the appuratus Is shown In Figure 9, 'vhe meter needle was normally cantered on the
scale. I oporation, it was continuously driven from this position by electronic ¢lreuiis
In the operator's consolo, By appropriate right and loft movemonts of the control stiok
tha subject could counterbalance the electronic drive voltagy and maintaln the needle at
or close to the contor of tho sealo, To determine the subject's score, the doviation of tho
needle from the contored positlon was integrated over a T=minute period. The test wos
given four Hinos at ono sosslon, and for one of those triuls the required direction for mov-
Ing thn stick [n response to o noedlo movemaont was roversed, I all cosos the magnitude
of the sevro was Inversely proportional to the subject's abllity to koep the meter contered.

Figure 9

Tracking apparatus. By movements of the control stick, the subjects could correct the
elactionically driven needle to the xoro position of the scale. Scora was inversely pro-
portional to deviations from zaro position.
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MINNESOTA RATE OF MANIPULATION TEST

. The Minnesote Rate of Manipulation Test is a measure of discrete mode coordination
(eye=hand), The subject turned over as rapldly as possible the set of 60 blocks shown in
Figure 10, The elopsed time for this operation was recorded. The test score was the fotal
humber of seconds required to repeat this test four times.

WILKINSON ADDITION TEST

The Wilkinson Addition Test was included to indlcate chunges in the subject's cog=
nltive reasoning and concentration. The subject wus required to add, columns of five

2-dlgit numbers in a working pelod of § minutes, The score was bosed on accuracy and
number of completiors.

MULYIPLE AFFECT ADJECTIVE CHECKLIST (MACL)*

The MACL coiwisty of 132 udjectives, fuctor=analytically demonstrated to measute
thrae traitss anxiety, depression and hosttiity . The subjects checked all adjectives
doscriptivo of thuir condition ut u specifiod time oach day of the experiment, Three trait
seores wore obtained by summing the responses colncident with a scoring key provided for
each tralt dimension,

RESULYS

V

Although cach tost was doscribed suparately in the methods seation, the results of

sovoral fosts weio combined to make a more logical und conclso presentatlon, The ex~

perimental data were voluminous and will not be presonted in this report fu thelr full
extant. However, swoclul attention will bo glven to tho results on serum lipids,

VITAL SICGNS

Data for "t rata, blood prossure, body temperature, and respiration rato of all
participants wore plotted throughout the confinomont pariod. All amplitude varlations
wearo within normal range end no significant changes in clrcadlan rhythm wore soen in
participants exposed to the ELF fiold,

BLOOD AND URINE ANALYSIS

Both control and exposed participants showed similur varlations in their blood analy~
sis, The only changes that could be correlated with the time course of oxposure to the
ELF magnetic field wore those in serum triglyceride levels and pra-beta-lpoproteins.
Chylomicron concentiations were negligible throughout the experiments while cholesterol

e B wn e me A G e e

*MACL is authored by M. Zuckerman and B. Lubin and is publisked by Educational and
Industrial Testing Servica, San Diego, California.
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levels were within the normal range and relatively stable throughout the experiments,

Under these conditions sarum triglycerides ware in the form of very low density lipo-
oroteins (VLDLY (1),

The alteiations in triglycorides and pro-boia-‘lnpoplmems are described below for
eoc.h subject in chronologica! sequence, Changes In the test protocol which beoame hoec-
essary as the pilot experiment proceodod are also pointed out,

The fivst itwo. sub |ocis, MN and DY, wers conflned in the coll sysiem for only 3 days.
A fiald of 104 Wb/tn at 45 Hz was iumod on the second day ketwaeen 1100 cmd 2130
hours, This period was Interrupted by a 40 minuto~fiald off time for exercise'tost between
1320 and 1400 hours, Therefora, the total oxposure time was 9 hours 50 minutes or ap-
proximately 10 hours. A blood sample waos taken ab 0600 on the third day or approxi=
mately 8.5 hours after exposure. Both tubjects showed considerably higher serum i'l'k;iy-
corldo values for this sample than they had @ days earller af the time of their pre-experi~
ment physical examinations, Subject MN changed from 91 to 143 my/100 ml and subject
DY chungod from 85 ro 170 mg/100 ml while hils cholesterol remalned normal, In addtifon
DY's pre~bota~l poproteins Increased from 25% to 35% ., Subject DY, therefors, changed
from a normal Hpoprotein phonolype to a Type 4 (pro ~bata~hypurlipc;profelnamia) (.
These findings provided the st indleation that somo aspect of [tpld metabolism might be
affocted by an ELF magnetie field,

To examine the lipid metabolism more carefully, 1t was necassary o prevent wide
flustugtions in the subject's dlet, It was decided, thereforo, to confine future subjecis fo
the aoll system for 1 waek Instoad of 3 days and to restriet them to balanced: moals pro~=
parad by tha Naval Hospital, Ponsacola, The subjects reported to the fest area after
thelr ovonu41 meal ors Sunday and were confined unt!l noon the following Sunday, The
Fiold of 104 Wh/m? at 45 Mz was tumad on at 0630 an Wednesday for 24 hours except
for two perlods of 30 minutes roquired for the exerclse tast and ono brief period for o
12-lead ECG. Thus, the exposure time was 22,5 hours with a parlod of 3 days each be -
fore und after exposure,  Durlng the pre-exposure period the subjects served oy thelr own
contrals. The subjucts were unaware of the actual tima of uxposure

The sorum iriglyceride levels for the First two subjects, SN and PS, under this pro=
tocol are shown In Figure 11, When subjeet SN raported for his inftial physical examina-
tHon 6 days before confinement, his serum triglyceride level was 452 mg/100 ml, which is
far above the standard renge of 30 to 150 mg/100 ml, Three days before confinement,
his serum triglyceride level was 480 mg/100 ml, These values were so high that his suit-
ability as a subject was in doubt, but he was allowed to pmﬂripcio; After confinement
on a controlled diet until the exposure began (day 1 in Figure 11}, his triglyceride lovels
docreasad ot a fairly constant rate, After the field was turned off, this decreasing slope
of the triglyceride values was broken «nd somples taken 24 hours aﬂ'er exposur showed an
upward trend. The sample taken 48 hous aftey axposure again showed o decrease approxi-
mately in line with the pre-exposure slope.,
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Figure 11
Serum triglyceride levels for one control subieéf (dashed line) and two exposure subjects.
Becuuse subjacts SN and CS$ had unusually high values and subject PS had one high value,

their data were piotted on a different scale than that for the remaining subjocts shown in
Figure 12,
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Although the abrupt change in slope of subject SN indicated a field effect, it was
not as stiiking as the data from subject PS which showed o large change 24 hours after the
exposure periud, This one dard point (day 5 in Figure 11) was so far displaced from the
other four points that an artifuct was suspected. Laboratory error was ruled out, however,
becuuse lipemia was visibly apparent and turbidity was 0.87, which indicated abnomal
serum liplds. Dietary records revealed nothing to account for this sharp increase in serum
iri_'yeerides. The pre-bata=lipoproteins were at 40 % on day 5 which along with high
trigly cerides and normal cholesterol made PS a Type 4-lipopratein phenotype.,

It should be noted that blood sumples were taken from subjsct PS 12 days (physical
axaminetion) and 3 days before the confinement period bagan. On both days the serum
triglycerides were slightly under 100 g/ml which suppoeris the assumption that the normal
triglycaride values of this subject were within the standard range . At this time it was
decided thot in future experiments blood samples would be taken from all subjects daily.
The dashed line for subject C3 in Figure 11 will be discussed later,

Serum triglycerides for the remauining aight subjects are shown in Figure 12, Subjects
BR and MY ware the first of these eight subjects to participate. Data were not availoble
for subject MY on day 2. A general upword trend in the serum triglycerides for both sub-
lects started in the pre-expr Jre conirel period and contirued until @ maximum wes reach-
ed on the second day aftc 1ermination of the alternating magnetic fleld, These maximum
triglyceride values are well above the normal range; however, the corresponding choles-
terol levels were normal, Subject BR was clearly a Type 4 phenotype while MY was o
borderline cuse,

The results galned from BR and MY raised the possibility that some aspect of the ex-
perimental environment or procedure might be producing a cumulative effect, To rule out
this possibility the nexi two subjecls, LS and WD, were used as controls with the proce-
dure and environment maintained s previously except that the colls were not energized
af any time. The subjects did not know that they were serving as centrels. The control
data are identified by dotted lines labeled LS and WD in Figure 12, LS ana WD returned
separately at later datos for o shortened 4-day experiment, Since their control data were
avallable to serve as pre~exposure baselines, the field was energized on the first day of
their confinement (day 3 in Figure 12). Effects ard recovery, If uny, could then be ob~
served during the remaining 3 days. The experimental data for subject LS did not indicate
any effect of the ELF magnetic field nor did his control datu suggest uny cumulative ef~
focts. The experimental data for subject WD showed an upward trend as previously ob=
served In subjects BR and MY but to a lesser extent; however, his control serum trigly -
ceride levels ranged within substantiaily the sume values covered by his exposure data.
Two conclusions can be drawn from the combined conivol and exposure data of these two
subjects: normal serum triglycerides may vary considerably from day to day, and the con-
irol environment has no cumulative effect on the triglyceride level .

The next group of subjects, PO and FA, had serum triglyceride changes that strongly

suggested an effect of the ELF magnetic field (Figure 12). For subject FA the chunge was
seen first in the sample token 48 hours ofier exposute. Although this increcse was still
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Figure 12

Serum iriglyceride levels for four contrel subjects (dashed lines) and six experimental
subjecis.
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within the normal range, it contrasted sharply with the small variations seen during the
previous 5 days. For subject PO, the triglyceride level began to show an incre ase with
the sample taken at the end of exposure and reached a maximum 48 hours after exposure.
Forty=eight and 72 hours after exposure the pre-~beta~lipoprotein levels for PO were 35%,
which, in combination with the triglyceride jevels, indicated a Type 4 lipoprotein pheno-
type for these two samples.

The dqshed fine in Figure 11 represents data for control subject CS, who was run un~
der the same protocol us the control subjects in Figure 12, His serum triglycerides were
so high that it was necessary to plot the data on the scale of Figure 11, CS had a partner,
BN, whose data appear in Figure 12 with those of control RE who was run alone, Data
From these three control subjects supported that of the other two controls; serum triglycer-
ides did not change significantly during the experiment, and no evidence of a cumulative
or general confinement effect was indicuted.

The results are summarized in Flgure 13, The solld line represents the average daily
triglyceride values for four subjects, BR, PO, MY, and FA, Exposed subjects WD, LS
- and PS were not Included because their confinement period was only 4 days as compared
to 7 days for the others, The data of subject SN were not used because of abnormalitles
which were first noted during this subject's pre=-experiment tests, The broken line repre-
sents the average triglyceride ievels for the four control sub‘ecfs, WD, BN, LS, and RE.
The data of C5, the fifth control subject, were not used since they exu.eded fhe normal
range. The dato from the selected elght subjects were used in the following way for a
‘test of significance. Data from the exposed subjects on days 1, 2, und 3 were combined
to form a pre-exposure’ experimental group. Data from the exposed subjecis on days 4, 5,
.6, 'and 7 formed a postexposure experimental group. Al the 98% level, the pre-exposure
graup was tound fo be from a different population than the postexposure group. A similar
test for the control subjects showed the group for days 1, 2, and 3 to be in the same popu=
fation as the greup for days 4, 5, 6, and 7.

RESPIRATORY GAS ANALYSIS AND PHYSICAL 5TRESS

Respiratory quotients for basal conditions were calculated and plotted for each sub=
ject throughout the confinement period. During the exposure period, five subjects showed
increcsed respiratory quotients and two showed decreased respiratory quotionts, These
changes were not consistent in trend nor different in magnitude from changes for control
subjects during the confinement peried. The data indicate that the previously discussed
changes In serum triglycerides could not have been caused by o change in the proportion
of fats und carbohydrates being oxidized.

Resuits of the exercise test were complicated by variations in physical fitness among
the subjects. Subjec:s in good physical condition had o consistent physiological response
throughout the entire test period. Subjects in poor condition were inconsistent in their
response patterns, thus making it difficult to compare pre exposure with postexposure
data. Plysically fit subjects showed no significant changes.
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Figure 13
Average serum triglyceride ievels of exposed and control subjecis. The solid line repre~
sents the average daily triglyceride values for four exposed subjects (BR, PO, MY, and

FA). The broken line represents the average triglyceride levels for the four control sub-
jects (WD, BN, LS, and RE).
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REACTION TIME, PUPILLOGRAPHY, AND SCFF

These three tests were included to provide an indication of mental alertness and
showed no consistent trends that could be correlated with the field, One expased pair,
PO and FA, hawever, showed a significant inqrease in alertness, as measured by pupil-
lography, on the morning of the fifth day, 24 houts after expesure. On the previcus
evening these subjects had an argument resulting in a high state of arousal which was still
present the following morning, and fhls appears to be o probable explanation for the in=
creased state of alertness,

DISCUSSION

TI @ present sarles of oxperiments should be vonsidered as the beginning of an exton-
sive vesoarch effort to find and characterize possible physiological and psychophysiologi=
cun offects of ELF flelds on man, The varlablos of the physical environment, an alternat-
ing magnohc fleld, were limited to one frequency (45 Hz), one fleld strength (10~4
Wh/*a2), and two vczlues for the exposure time (8 hours and 24 hours), On the other hand,
u wide variety of medicoblologicel methods were anplied to make o sweeping search for
any effects the fleld might have on physiological functicns or the behavlor of man.,

The selection of some tests was influenced by two Soviet publications, Vyaiov et al,
(26) examined 96 persons exposed for periods up to 15 years under Indusirial laboraiory
conditions o the 50 Hz field of elgctromagnets and solenonds, as well as to constant mag-
netic fields at field strengths betwaon 15 and 420 me/m » Most of the observed work~
ers exhibited slight departures from the nermal health indexes. Mast frequently they
indicated changes in the nervous system, mainly In aufonomic functions. Incidents of
headache, increasdd fatigability, physical weakness and perspiration were also reported.,
Changes in the EEC were noted, and eluuhobmdiogwphiu data indicated signs of sinus
bradycardia and an increase of ihe T wave in some workers, Similar observations were
made by Asanova and Rakov (3) in a fleld study of 45 persons working at two Volga power
stations. The electrical fleld strength varied between 4 and 26 kY average potentlul with
no mugnehc. field strength recorded. A probable value may be assumed to 'be less than
10°4 Wh/m>. Functional disturbances of the central nervous system were determined in
more than half of the examinees, and a mild neuroasthenic syndrome was observed in four
cases (headaches, fatigue, frritability ond tremor of the fingers). Functional disturbances
of the cardiovascular system and of peripheral blood were also reported.

Methods in the present study were selected specificaily to find an indication of the
asthenic syndrome described in hoth Soviet studies. The findings of reaction time, pupil=
lography, critical flicker frequency and the results of the four psychological tests, how-
ever, were generally within the normal range during exposure to the alternating magnetic
field, and during a 3~day control period after exposure. The same statement cun be made
for the resulis of the electrocardiographic study: No irregularities in the performance of
the cardiovascular system were observed during or after exposure to the magnetic field,
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The negative findings In the present rojort us compared fo those of Vyulov et al, (26),
probably rasult froat tho use of a much lowe . Intansity fleld and considerably shorter ex=
posure perlods. ' In the case of Asanova and Rakov (3), the magnetic finlds were probably
comporable to the ones used in this study. Thelr exposure time was longer, howaver, dnd
a vety high alternating electrical ficld was present in additlon to the magnetic field. In
this context It Is Interesting that In a careful study of 11 lhemen Kouwenhoven (17) foun:
no physiologleal or psychologloal effects of high tenslon flelds with characterlstics simliar
fo those investigatod by Asanova and Rc:kov‘ The rosults of all laboratory studles were

entlrely normal ,

In a dissussion of the unoxpected lipld changes observed In this study It should be
emphasized that the observations were made on a smail number of people and that the
rasults should not be rogarded as final or conclusive, Only a full-scale investigation of
the effects of alternating Flolds on lipld motabolism will assoss the volue of the Inttial b=
sorvatlons .

A saarch for similar observations by other investiggters led to some Interesting publi=
cations, Pautrizel ot al,(22) expoesad rabblis on a high eholostorol dlot to altorrating
magnetio flelds with the actual fleld conditions not well defined., Total serum |1pids and
certaln components thereof 'woie analyzed weckly, and at tho end of the oxperiment the
extont of plarue formation In the aorty was assessod. Aftor 5 woeks of flald treatmont,
the investigators found o censidorable reduction of cholosterinem!ta and a roduction of
plague formation as compared with controls. This remarkable effoct persisted for 5 more
woeks after flold troatment was Interrupted. A simllar reductlon of blood cholestorol In
man was described by de la Warr and Balkor (4),  Aftor ropeated local application of an
altornating magnetic flold of approximately 10 mWhb/m? and 40 to 4000 Mz to solected
parts of the human body, a sort of "mognetic acupuncture, " the serum oholesterol of 10
normal persons was reduced signifleantly (average reduction of 50 mg/100 ml),

In thelr medical evaluation of personnel working for 1 year near an ELF trunsmitting
antenna, Krumpe and Tockman (18) obsorved o staristically slgnifleant number (p < 0,05)
of both control and exposed subjocts with decreasos In cholustorol and inereares In trigly -
corides. Those upparent tronds, however, were attributod i chianges In the luboratory's
mothodology betwear the initial and the follow-~up examination,

In the present study no significant chunge of serum cholestorel was observed during
exposure to the Field or during a 3-day period thercafter. However, serum cholesterol
should be watched carefully in future Tnvestigations.,

Two other studies should be mentioned which do not specifically concern fat metab~
olis. 1 In animals exposed to magnetic fields, Jitariu (14) exposed dogs, rubbits and
gulnea plgs for pariods up to 15 days to u field of 50 Hz generated by o Magnheto=Diaflux
apparatus {no fleld strengih given but probably within the range of 10 mWh/m2), Ho
found slgnificant variutions of the K, Na, Ca and Mg ions in serum which he explained
as o charge In membrane permaability. Similar electiolyte changes have not been found
in the present study . Jitariu also found that oxygen consumption of hen eggs exposed



during Incubation to the alternating magnetic fleld was significantly higher than In con-
tiol experimonts, An Increase of busal metubollsm was not obsorved fn the prosent shudy
Kolodub and Yaviushenko {(15) exposed rals to o pulsed magnetic fleld (ono pulse of
130 millisoconds duration inh 10 socond ~Intervals) with a froquency of 5-50 ki and
fleld strength of 30 to Y0 mWh/a2 in shronic effects' studlos durlng & months with a daily
exposura of 1.5 houis. A strong disturbance of the cabohydrate und nlrogon metabolism
was observed In varlous Hasues and traced to o shortage of ATP and croatine phesphato.
Koloduls and Yeviushenke stated that under the influence of the pulsed magnotic flelds
oxldative phosphory latlon suffers, Also, disturbancos In the actlvity of a number of enzy-
matle systoms develop which loudd not only to functlonal disorders but also to well=oxpross=
od morphelogleal changes in the internal organs, The oxperimantal fislds of tholr study
diffor strongly from the flolds used tn the present lnvestigation, but tho suggyostion that
enzyme actlon may bo sonsitlve to altarnating magnetlo Flelds may be appllieable to both,

Tha Ineroaso of sorum triglyceridos aftor exposure fo the flelds used in the presont
study suggusis a change In the activily of one or soveral enzymes nvalved In lipid homeor
stasls,  Most suspoct I triglyeeride Hpase whioh Is tnvolvod In the removal of lipld mute=~
rlal from the sorum af the lovol of adipese tssue, A docroaso in enzyme uctivity or
concantration would lead e an uccumulation of teiglycorlde n tho sorum,  Hyporthyrold-
ism which covld also produge similar Hpld chengos was not indlsatod by mousuroments of
T=3 uptake une T=4 concontration,

The latoney of the hyperltpomla, with o maximum triglycerlde lovel obsorved 1 to 2
days aftor flold exposure, may offor a ¢lua to the mechanlsm of the fleld effeat, The
flald may not Influonce the wetivily of the enzyme Hself but may ollelt o desreuse In tho
production of a procusor whieh Is folt only after existing enzymo stores huvo boon do=
pleted. Furthor spoculation would bo promature; however, numerous obsarvod offacts of
wouk magnetic flolds on chomical roactlons Tn colloldal systoms (24) do Indlcate that
spocific offocts on human Hpid motabollsm are possihle,

An offort was mudo 1o assoss other onvironmontal componants for thoir Influonen on
tho dovalopment of hyporlipemia, Confinement of the subjocty for approximuicly 1 weok
was suspect., Throo metheds of control wore usud to assese the offocls of confinoment:
alght subjocts served as thelr own cuntrols with basellnes establishad from pre~exposuro
daty; flve subjocts sorvad only as controls; and tvo subjects served In both capacitios at
difforent times. Evon though serum triglyceridos for two of tha oxposed subjects Increased
from the beginning of confinemoent, the absence of an effect on the subjects who sarved
only as controls excludos confinemont as a major factor in hyperlipemia induction, In
addition, o separato NASA study (21) showed that serum triglycerides wore not affected
by confinoment,

Other factors for consicleration were the fransfer of the subjects from their usual en=
vironment to laboratory conditions. This environmontal change may not appear troumatic
to investigators who move routincly between home and laboratory, but it may influence
some of the uninitiated subjecis. Their previous diet and personal habits may have been
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drastically different from regulated laboratory conditions, Evidence of this was seen in
two subjects; SN was a compulsive eator und DY usually slept less than 6 heurs pov night
befors jotning the tost group. Subsequently, SN's serum triglycerlds level drapped. when
he was vostricted to normal moals, and DY's state of alertness Improved during the éxperi=
ment when he recolved 8 houts of sloep ouch nighr, The Influonce of such fucters on the
parformance of somo control and oxposed subjocts averaged out for many tests but could
lacd to misinterprotutions In ¢ small sample numbor,

The Influance of fear caused by tho drastio change In environment, the performance
of unknown tasis, and the actual exposuro to the fleld wore assessed, Gordon and
Gordon {7) obsorved o rapld Increase Tn plauma unesterifled fatty aslds Tn man durling foar
coused by psychie stimull, Since unestorifiod fatly aclds wore hot dotarmined In the
prosent study, a comparison cannot be mude, but If tho faotor of four were present, It
should have fufluenaed the Tipld motabollsm the same way in both the gontrol and exposed
subjocts, It should bo strossed that the subjeots wore unaware of the time of fleld wati-
vatlon, and any "foar reaction" to the flold should have boor prosent during the oniire
orvorimont, '

In @ rocent study Schmitt and Tuckor (24) found that under somo vonditlons subjoots
could sonse the prosence of a §0=Hz magnotioflold or detect subtle elues Ineidontal to
Hs gonoratlon, Semo Individualy wore more sueaessful al thls than othais.  In the presont
study the subjocts assured the Invostigators atror tho exposure that at no tlme did thoy
«anso tha prosonce of the fleld, and tholr gusisses waro vsually far off the actual flold
conditlon, The highor flold (108 Wh/m2) wied by Schmitt and Tucker may have wausod
a fleld sonsarion, or clues may have boen strangor than th the prosont study

Finally, the dlot of the subjoets morlis a-romark, Tho subjocts wore glven free
cholaw from u 2500=calorla hespital diet mondl, and no additional foed was allowed,
Liquld tntako was In the form of coffoo, tea and fruit julces, Tho dally fut consumption
of each subjoct may have diffored, but such sltght differonces should average eut for
control and oxposad subjoets. Blood samplos voro drawn aftor the postprandlal serum
trigly coride maximum should have beon reached, so differences In moals should not haveo
fluoncod tho resulis,

Barring the oversight of ¢ cruclal factor,. the rosults of the prosent study strongly
indlcate that cortain mochanisms of liptd managemont in the human body are Influenced
by an extornal, comparatively woak alternating magnetic fleld of low froquancy. The
final proof of o cause-offect rolatlonship betveen the exposure to an LLE magnotic flold
and a blelogleal response depends on the ostablishmont of o correlation betweun the mag=-
natle flold strongth and the biologlcal effect und the finding of a threshold., Numorous
expoeriments will be nocossary to establish thiv correlation, and 1t is desirable to find o
mammal with |ipld motabolism similar to man. Such attompls ure in progress, but the
final proof will rest on the exposure and test ¢f man himself,

In future experimonts the effects of other wxtremely low frequencies should also bo
investigated., Obviouwly, the world power frequancios of 0 Mz and 60 Hz should claim
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special intorest since the mugnetic flelds genevated by many electrical household appli-
ances are higher than the 104 Wb/m2 flold used in the prosent study, e.g., electric
heating pud (2 x 10~4 Wb/m4), Beccuse of the alose assoclation of hyperlipemia with
the etivlogy of arterloscinresis, an investigation of the possible contributing role of
elactrloal utilitios should bo of conslderable interest., This Infludnce of the magnetla

fleld, If substantlated, may have bean ovarlooked proviously because the flald«induced
hyporlipemta appears to be delayed by sevoral days,

In summary, the resulls of this pilot study suggest that an alterating mugnetic fleld
of 45 Hz and 104 Wh/m2 strongth may cdusa o 1ime=delayad Increwase of serum trigly -
corldes i man, It should be emphastzed that the numbar of subjeots was small and that o

final assessmant dgponds on ostublishment of the throshald for tha offeat and the fleld
strongth=blologleal offect relationship, '
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