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e The Effects of Electromaguetic

i ) We bave casefully cead the dissertation entid

__;_ug;is on the Nervous System »
—_— - - I — - — i ubmitred by
—Chung-?¥ ~Kwang Chou - inpardal fulfillment of

tbe:equi:ememsohhedegreed Doctor of Philoso) h
and recommend its acceprance. In support of this. recomme
joint smatement of evaluation to be filed with the dissertation.
This dissertation deals with a very difficult and coutroversial sub=
ject concerning the interactions of electromagnetic (e) fields with the
central and peripheral pervous System. it provides a very interesting
and complete historical background on the subject and points out ‘some of
4 current work reported in the liter~’
present confusion in interna=

the problems and weaknesses of past an
part is respousible for the
zing radiation. The dissertation
fundameatals and the techniques

ature which in
tional safety standards relating to nonioni
reflects the capdidate's firm grasp of the
of the two major but considerably different areas of sclence: peurophysiology
and M fields.. The candidate has applied the most quantitative aspects of
each of these areas to focus his attention on this difficult inte‘tdisciplinary.
problen. He outlines the methods of quanr.itative measurements of the fields
both outside and biological subjects exposed to ™ radiation and
. describes in cogplete and lucid detail his original work on developing new
techniques for exposing biological p:eparations both in vitro and in vivo.
These new techniques allowed the candidate to carry out origl
signif_icantly advances the nowledge of the quantitative relationship between
nonionizing radiation dosage, temperature and e_lectrophysiological character—
istics of peripheral_ nerve, superior cervical ganglion, and perve muscle
th proper temperature
e prepara:ions to

‘ preparations exposed to B fields. He has shown that wi
and dosimetry control the acute exposure of isolated nerV

e. effects that cannot be
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produced by a simple application of heat. This {s contrary to
‘other researchers have shown in the past with simg.lar preparat

‘controlled exposure conditions.
. One of the most important elements
coantribution’ to unders'tanding_of the interact

pammalian auditory systen is the work elucidat
pheononenon which has defied expl:mar.ion since World War 11. In fact,
only in the last year progress been made concerning

has any significant
an explanation of the phenomena and a good portion of that progress is the
original work of the candidate reported by the dissertation. The c_andidate's
experiments to determine thresholds of the effect as a function of background
noise and his very remarkable first recordings of the cochlear
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ion of BM fields and the
{ag . the microwave hearing
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nicrophonics-associated with the phenomenon is very-significant in
advancing the knowledge on this subject. The'candidate's ex-~
ceptional ability both within enginecering and.ncurophysiology
allowed him to develop the equipnent and make the recordings of
these 1mportant,physiological signals that other researchers have
sought without success. In summarys we feel that the candidate
has written ao outstanding dissertation in reporting his new and

very exciting research findings.
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& Introduction

1.1. Historical background

Long before electromagnecic (EM) waves veré discovered and described:

by Heinrich Nertz in 1&88, Luigl Calvani in 1791 observed the contraction of
a frog nerve-muscle prepafation stimulated by a vemote spark from an electro=

stgtic machine {1]. Much jater, Tesla in 1891 observed the biological
effect of high frequency 2 radiat;on on an entire organism. Io the sané
year, p'Arsonval placed his object inside a solenoid that had a high fre-

quency current flowing in its windings, and he oSsérved vasodilitation And
in 1895, Danilewsky obsétved the effects

hypoteasion in his subjects 121.
reparation {3]. Durinog

of high frequency M filelds on a neuro-muscular P
the first 50 years of the twentieth.century most of_thé work being done was.
connected mainly‘vith'diaﬁhermy and physiological reactions to the'heatiné
effect of EM'gadiation_[Q], After that, the first peak of interest in this

rom 1930 to 1940 when technological

problen occurred during the decade £

ssible the generation of powerful ©® fields. “puring this

mainly on the physical a

-advances made po
period, puch valuable work vﬁs done, nd chenical
t and certain simple biological systems, vith vefy 1itele

properties of matte
4o this area diminished in the

attention to hazard problenms [3]. Research

early 1940°s when World War 11 started, and was greatly over-doainated by

the research on {onizing radiation due to the development of nuclear weapons:

and of other, peaceful uses of nuclear energy after the war [51.

In 1956, when there was a growing concern over the possible

hazards associated with the operation and use of radar and other radio
frequency electronic equipment, the United States started a vrri-Service
Program™ (Army, Navy, Air Force) to coordinate this EM radiation research.
This Tri—Servige research program addfessed irself essentiglly only to the
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t on the low level radiation

problen of thermal hazatd, without any effor

effects. At the end of the Tri-Service program in 1960, United States
gesearch in this area decreased to a very low level and remained there

Is

antil the late 1960°s.

The most recent boost of research activity in the United States

stens from a combination of several factors. The increasing use and out-

- pat level of EM emitting equipment as well as the low level :adiation

effects reported from Russia and Eas re-raised

t European countries have

concern over the biological eﬁfects,énd poténtial hazards of EM radiation.
Another p:oblenicausing.concgrn, described in. detail by Dom Justesen [6),

yrred ino the Soviet Union. In the early

was a political event which occ
1960's, U.S. security experts discovered that the Soviets were directing

peams of microwave energy at the U.S. Embassy. The major impetus was
ties of the Office of TelecomﬁunicationS'Policy,

provided by the activi
which established the Electro-

of the President,

within the Executive Office
magnetic Radiatlion Hanagement:ﬂdvisory Council .(ERMAC) to review, aévise
and make recomsendations on po;ential problens associated with the use
of the EM spectrud. After a conprehensive review andvanalyéis:of.this
problem, the ERMAC report called for an increased effort in this area {53..
At present, there are:}3 federal agencieg supﬁprting this research‘iﬁ the
United_States, wvhich reflects the high interest and vigorous research

activity in this atea.'
1In contrast to the.spofadic‘effo;ts in thé United Staﬁes, theg‘
Soviets have gaintained a steady researéh activity over the past 20 years.
Along with the Soviet Union and the Unitea States, Po}and, Czech&glovakia,

have also been working on the

and recently Britain, Germany, and France

derable amount of work on low level effects is

same problen. A consi




Ei

3

:eportéd in Russian and East European literature. Presnan (1) and Gordom t7]v

of the Soviet Unfon and Marha [3] of Czechoslovaklia have well summarized

their past research results in their books.

Because of the unresolved differences in reported biological effects

and in the ‘exposure and safety standards derived from them, recent internation~’
al symposiums and conferences {such as the 1973 Warsaw meeting ts]. the 1974
New York Academy of Sciences meeting {9], and the 1975 Internat;onal Micro-

wave Power Symposium {10]) have brought togethetvscientists from different

cuxrent infor-

nations. The objectives of these neetings were: to exchange

mation about the M radiation effects, to recommend and stimulate further

research needs and'approaches,_to~encourage,international cooperation in

relevant research, and to consider ways of achieving an {nternational

dosimetric standardization and safety standar& sl.

Since people became faterested in the effects of PM fields, the

effects on the nervous system have been a most interesting problem to the

investigators not only because this system is very sensitive in reaction to
environmental changes, but also because of its tremendous electrical activi-
ties. The past interests atre reflected in numerous publications on this sub—~

saw and New York neetings.

ject and in the Special sessions in the War

1.2 Significance of the BM radiation research
A considerable inte:eét has been raised around the world in studying

the effects of EM waves on human health. The frequency range receiving.the

most attention in terms of biological

300 to 10,000 MHz. This is due. to the widespread use of high power equipzment

in highly populated areas and to the better energy absorption characteristics

of tissues in thls frequency range l.

The effec:s-being sought, of microwaves on the biological systen,

are opposites: 1) medically beneficial effects and 2) harmful effects.

interaction is in the microwave spectxua




t time little is known about either. This is- {1lustrated by the

‘At the presen

fact that at present the maxisua recommended safe power density for long

" . term humaa exposure varles from 10 m\ilcmz in the United Stacés, to as low

as 10 u‘illcnz jn the Soviet Tnioa and Eastern European countries. The

‘ ‘ former standavd was forzulated primarily from research results on tissue

heating couasiderations, \v_hilg: the lattex was based on research relating to

the central mervous system apd behavior _effects..

xeseatch results coaclusively show that for frequencies between

. 1200 ¥Hz acd 24,500 MHZ, exposure to power density of 100 uM/cm2 for one

3 ) hour or wore could have definite thermal effects. Aﬁ power densities below

10 lsﬂlcnz,, evidence of pathological change is equivocale Alﬁhough sone

1 nature of microwaves, the majority

AL

Soviet 1nvestiga,tors describe_ the therma

v o,

S

stress ron-thermal or. Speclfic peicrowave effects at molecular and cellular

:ndies performed in the United

levels, in contras; to s States that generally

nse of the organism to the thermal burden

reflect the physiolo;ical respo

inposed by microwaves. A considetable body of literature ‘has grown iun the

Soviet Union on tra.nsient iunctional changes following low dose, less than

10 aﬂl‘a.z, nicrovave irradiation studied by conditional response experiment=

ation. The Soviets hav'e strongly and repeatedly ‘stressed that the central

nexvous. svstem mst be consxdered as being moderately or highly sensitive

to radiation injuries. The work in this area has beeu criticized because of

1inited sratistical analysis of data, inadequate controls, and. lack of

quantificatmn of results [12]., o ' : . _

Although there are several thousand papers in the literature per-

taininrg to the subject. a considerable amount of the reported data is so

qualitative in nature that nore questions have been raised than answered.

Quantitative research is urgently needed from a joint physical and biolog—-

ical science approach to clarify the conflicting research data and re-

_s\llting conclusions vhich now exist [13] [14].



