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SUMMARY PAGE
THE PROBLEM

Current Navy interest In electromagnatic radiution includes the extremely low-
frequency (ELF) region, and the Navy hus started reseurch efforts to sclentifically
document any physiological offects which these flelds can have on man and his ecology.
The present experiment was designed to detact any acute instantaneous central=nervous=
system effacts resulting from exposure to ELF magnetic flelds.

FINDINGS

Reactlon=time measuiements ware taken un three squirrel monkeys for 37 dally
sessions, Mo significant changes In these measurements were observed between control
sassions and sessions in which the animals were exposed to 3 gauss at 45 Hz or to o fleld
of Jgauss at 7 Hz. Two other indices of performance, reinforcement ratio and
officiency ratio, were also unchanged. The small number of subjects does not pemnit a
firm conclusion; however, the evidence indicatas that the magnatic fleld did not

produce a central=nervous-system response measurable by techniquas employed in this
study,
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INTRODUCTION

Extremely low=frequency (ELF) radiation has long been an environmental factor
within the proximity of heavy=-power distribution systems, Some household appliances
and industrial machines also generate significant ELF fields, The U. S. Navy has
current intarest in electromagnetic radiation including the ELF region and has begun a
mujor research effort to scientifically document any physiological effects which these
flelds can have on man and his ecology. Some studies have indicated that neuro-
muscular reaction time may be affected by ELF fields,

Konlg and Ankemiller (5) and Kénlg (4) measured reaction time in humans
exposed to ELF electric flelds, The reuction tima appeared to be frequency dependent:
Longer reaction times were recorded when the amblont electric field contained
frequencles from 3 Hz to 6 Hz, and shorter times were recorded for approximately 9 Hz,

Friedman ef ol. (1) exposed human subjects to magnetic fields of 0.2 Hz. Their
reaction times were longer for the sessions in which the field was on than for the control
sesslons, No effects were found at frequencies of 0.1 Mz,

Hamer (3) reported an extremely small reacticn=time effact on human subjects
exposed to ELF elactric flelds at fraquencles between 2 Hz and 12 Hz, He did not
coislder the results to be conclusive and smphasized the need for further experiments
to substantiate his results,

Guavalas et al. (2) observed a significant difference in Interresponse times for
monkaey: uxposed to a 7-Hz electric fleld. No significant changus occurred at 10 Hz.

The present vxperiment was similar to those previous ones in that it was directed
at the Instantaneous as opposed to the cumulative effect of ELF flelds. The animals
were exposed to a 7-Hz magnetic fleld to compare results with those reported by
Govalas et al, (2) who used a 7-Hz electric field. The reaction=time technique used
In the presunt expariment was similar to that developed for use with monkeys by

Stebbins and Miller ().

PROCEDURE
SUBJECTS

Subhuman primates wore chosen as subjects because their central nervous system is
somewhat similar to that of man. The physical size of the experimental facilities was
compatible with the cage space required for adult squirrel monkeys, One female (LE,
525 gms) and two males (D26, 920 gms, and ABB, 710 gms) of this species, Saimiri
sciureus, were selected for this experiment. Three years prior to this experiment these
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animals had been trained in otlier experiments that required manipulation of apparatus
in conjunction with a reinforcement schedule. In those experiments LE and D26 had
been exposed to a high-intensity de-magnetic field to which they reacted by regurgitat-
ing (7). This previous training was an asset in that the animals were quick to associate
manipulation with reinforcement; however, subject LE, who had been trained to depress
a lever for an extended period, had some difficulty adjusting to the much shorter times
required by the present experiment.

APP ARATUS

As shown in Figure 1, the animals were confined to the magnetic field by a
Plexiglas cage, 15 1/2 inches long by 15 3/4 inches wide by 18 1/2 inches high, This
cage was placed at the center of a wooden chamber, 45 1/2 inches long by 22 1/2
inches wide by 22 1/2 inches high. An aluminum response lever 3/8 inch in diameter
projected 3/4 inch into the cuge thiough a hole 5 inches above the floor and centered
on the rear wall facing one end of the open chariber. A 10=inch-square electrolumi-
nescent lamp hanging at one end of the wooden chamber, 35 inches from the cage wall,
served as the stimulus light. Reinforcement consisted of Purina monkey chow pellets
weighing 0.22 gm each, Each pellet was released from a dispenser mounted above the
wooden chamber and then traveled by force of gravity through a plastic tube into the
cage. The magnetic field was generated by a Helmholtz coil wound on the outside of
the vvooden chamber., Recording, contrel, and magnetic-field generating equipment
were located in un adjacent room to prevent the animals from receiving extraneous
avdio cues that would atfect their performunce.

METHOD

Prior to training, the animals were food deprived to approximately 85 per cent of
their ad libitum body weight and maintained at this level throughout the experiment,
In the initia! phase of training, each lever depression immediately illuminated the lamp
and simultaneously dispensed o reinforcement pellet,

Following acquisition of that response, the procedure was changed such that the
lamp wes not illuminated unless the lever waus depressed for 5 seconds, and reinforce-
ment was given only when the lever was released in the presence of the light stimulus.
If the lever was not released within 3 seconds from cnset of the light stinulus, the
stimulus was automatically terminated and no reinforcement was given, The time from
lever depression to presentation of the light stimulus was then varied (1 sec to 15 sec) to
improve the animal's association of reinforcement with light stimulus rather than merely
holding the lever down for a fixed period. On the seventeenth tiaining session, this
delay was fixed at 5 second. for the duration of the experiment, and the reinforcement
schedule was chonged to be controlled by « variable-interval tape puller. The interval
varied from a maximum of 52 seconds to u minimum of 2 seconds, with an average of 15
scconds. Due to incorrect responses and the lever-depression time requirement, the
actual reinforcement rate yenerally averaged approximately one per minute,

. .

A



Figure 1

Subject is shown depressing operant lever inside the Plexiglas cage. The 10=inch-
square electroluminescent lamp hanging at the far end of the wooden chamber served as
the stimulus light. Each reinforcement pellet was released from o dispenser mounted
above the wooden chamber (slightly out of view in the figure) and then travelsed by
force of yravity through a plastic tube into the cage. The magnetic field of 3 gauss was
generated by a Helmholtz coil (not visible in the figure) wound on the outside of the
wooden chamber, The cage is centered in the field which is directed axlal to the
wooden chamber,




A cgrrect rasponse was defined as o laver releuse during the 3=second stimulus
period, An incorrect lever respomse occurred when the lever was released prior to the
light stimulus or when the lever was releaed after the light stimulus had been automati =
cully terminated, If the reinforcement programmer had stopped advanclng and u correct
response occutred, a pellet was dispamsed, The programmer would ulss restart when the
lever was 1eleared followlng automatic termination of the stimulus) however, no pellet
would ba dellvered,

Each animai was given a 1=hour session dal ly except on weekends. Tralning
occupiad 27 sessions, The data prasented In this report are bused on sessions 28 through
64, The fint twalve sessioms (28 through 39) wero run with the fleld off to establish
pre=oxposure haseling, The next flve sewlons (40 through 44) wave run at 45 He whth u
Hald Intentity of 3 gauss tms, For the next five sanlons (45 thiough 49) the lrequency
was changed to 2 Hz but was ot the same tleld intemlity of J gauss rma, Finully, the
flald was turned ofl, and 15 postexposire vanlons were vonducted,

The following data were recordedi tHime fiom Hlumination of the light panel to
lever release, number of correct responsas, total responses, body welght, amnd food

RESULTS AND DISCUSSIONS

The following three indices of perfoimanas were aomputed from the recorded
datar relnforcement ratlo, efficlency ratlo, wnd 1euchion tHive,

Rednforcement rotio v the average numher of correel tasponses 1equlied 1o yecelve
one pellet, This 1atto was always greuter than one; bowevetr, 1t wa posslhilo 1o jeceive
u pellat for such corract response I the Intervals batween lever dapienions whioh pros
dused Hmull were always greater than the longest Hime Intwrval of the valallesinteyval
ralnfogcoment schadule,  Elilalency vatlo Iy defined ax the tatlo of vornee) payponae 1o
the total number of rmponses Tor one seslon,  geaction ilme Iy detined v the iterval
beatwesn wnvet of the Hght stimulus amd rologwe of the levey tor all corrmal 1eponms,

I dhe cose o subject LE(Fcure 2) the etliclenay ratio Increased stwendily tyom
sosslon 20 thiough A3, while the relntoarcement ratlo for the same perlod ald nol changs
sgnttcantly, This trand by related to the Hnding that TEY Incorrect jmpomies waye
prodominantly those In which she daproged the levey tor perlody extending Layand the
dovation of the Hght simulos, She graduatly yeduagd the duraticn ol the Toye depres:
siony, thuy Increasing the elficlency 1otla) but, dnce the coren ! pasponaey wers il
[ntensponed among Tncoract respoinas ol the type which resety the varlable «intsiv ol
progvammer, the peint yeement ratlo did not inprove signiticantly,

the average of L offctency ratio woy les tor the f=Hg pegiod thare fog the
At poriody however, the parhan ol 1hin vadabtlon dues nob hlleate o Held offoct,
The Bt o sesslone of the /<He perlod wore comiatent with previan nwends, A div
continubty ocuuned hatwaen the second and thivd seabom, amd o nosy brond won
osteblishod which approached, Tn only three sesstomy, an exbiapalation of the peevioe
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