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ABSTRACT

More than 2000 references on the biological responses to radio
frequency and microwave radiation, published up to June 1971, are
included in the bibliography.* Particular attention has been paid to
the effects on man of ron-jounizing radiation at these frequencies.
The citations are arranged alphabetically by author, and contain as
much information as possible so as to assure effecrive retrieval of
the original documents. An outline of the effects which have been
actributed to radio frequency and microwave radiation is also part of

the report.

*Three supplementary listings bring the number of citations to more
than 2300.
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Foreword

It 18 the hope of the author that this bibliography will provide guid-
ance to the diffuse and conflicting literature on the biological responses
to electromagnetic radiation at radio- and microwave-frequencies, with
particular reference to the effects of concern to man. Such guidnncé is
needed in the formulatiou and appraisal of criteria and limits of human

~exposure to "non-ionizing" radiation, and in the planning and conduct of
future research.

The original plans were to categorize and key the literature cita-
tions to the "outline of biolegicsl and clinical effects" (Chapter 1).
This proved to be a much more difiicult and time-consuming task than
anticipated, and was actually coupleted only for about 400 papers. Thus,
the letter-number combinations given in square brackets for some of the
"A" through "C" citations refer to the outline. [NV] indicates the cita-
tion was "not verified”.

The standard format used throughout the bibliography is: auther,
(date), journal, volume, (igsue): page, "title". The authors are alpha-
betized, and in chronological order. Multiple authore :ve also alphabeti-
cally ordered according to the second, third, etc., aurtor. Inclusive
pagination is given where possible, as is the original language of the
citation, Report accession and translation numbers (some of which are
cited in Appendix A), and alternate sources are listed when known. The
‘title of books is underlined. When the title of the report was not avail-
able (or not given), a short (one line) description of the paper is listed
vhenever possible. Reports in which the name of the author was not given
are listed chronologically using the format, "title", reference, source,
(date). In many cases the citation was obtained from secondary (and
tertiary) sources. For this reason it was impossible to put every citation
into a consistent format,

In a few cases, papers have been cited which were presented at
symposia or meetings devoted to the present topic, even when the report
title suggests that it does not pertain directly to the topic. This has
been done to show the wide range of items considered relevant (at least
at the time of the meeting, and by the organizing chairman) in past years.
An example is "electroanesthesia".

A few citations of marginal and/or peripheral relationship have also
been included so that the reader may judge the applicability to his indi-
vidual research needs. Examples are reports dealing with the biological
effects of static and alternating magnetic fields, experimental techniques
using radio frequency and microwave radiation (e.g., electron spin reso-
nance, and nuclear magnetic resonance spectroscopy), and microwave expo-~
sure limits, regulations, and standards,

References for a few limited=-distribu-ion government reports are
available upon request,
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The author welcomes information which will correct errors and omis-
siona (both of which no doubt exist). Copies of new papers would be
greatly appreciated, and would encourage updating and revising the biblio-
graphy periodically.
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Tt Z“utline of Feported Biological Phenomena ('Effects’') and
Clinical Man’‘festations Attribated to Microwave snd Radio-Frequency
Radiatior, is patteruned after that given by R, Murray, et al., in an
article eatitled, "“Hov safe are microwaves™, which appe'a_fe'a‘ in Non-
Ionizinz Radiation 1(1):7-8 (1969). Some of the "effects" were listed
in the regort by S. #. Cleary and W. T. Ham, Jr., entitled, “Considera-
tions in the evaluation of the biological effects on exposure to micro-
wave radiation", (Background document, Part I, 1969, for the Task Force
on Research Planping in Envircnmental Health, Subtask Force on Physical
Factors in the Favironment). The discussion and suggestions offered by
Byron McLees, Edward Finch, Lewis Gershman, and Christopher Dodge relat-
ing to the Outline are also gratefully acknowledged.

Prepais. {-n of the bibliocgraphy was supported by the Burezu of

Medicine ai. Surgery, Department of the under work unit MF12.524
s Py » Navy, 2 4 i 12,524,
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CHAPTER 1

A

i

= Feported Biolosical Phenomena (*rffects?) and Some
Clinical Manifestations Attributed to Microwave
and Padio~Frequency Padiation (See Note)

g
Ll

A, lleating of Organs® (Applications: Diathermy, I'lectrosursery, I'lectro-
coapulation, lLlectrodesiccation, Tlectretomy)

O T
i A

R SRS

}J. thole Body (temperature resulation defects), lypernvreria

2, Skin

3. EBEone and Done ifarrov

4. (a) Lens of Lye (cataractous lesions - due to the avascular
nature of the lens wvhich prevents adequate heat dissipatior,?
(k) Corneai damaye also possil le at extremely dirh frecueincles,

5. Cenitalia (tubular rdeg2neration of testiclec)

¢. Erain

7. Sinuses

etal Irmplants (burns near hip nins, erc.)

The effects are :cnerally reversible except for 4a.

I T
et ity

E RO

RO

B. Changes ia :fivsiologic Tunction

1, Striated uscle Coutraction

2. Alteration of Diameter of Blood Vessels (increased vasc-:lar
clasticity), bilation

= 3., Changes in the Oxidative Processes in Tissues and {Orgarns

E 4, Liver Imlargenment

- 5. {ltered Sensitivity to I'rug Stimuli

. 6. Decreased Spermatogenesis (decreased fertility, to steriiit-)

7. Altered fex Fatio of Births (more girls!)

« dAlteved llenstrual Activity

0. Altered Fetal DNevclopment

1", irecreased Lactatior in lursing lothers

= i 1. Reduction in iiuresis (Lat excretiosr, via urinc output)

= 12, Altered Terni:! Tunction (decreased filtratio-~ i tulales)

E 13, thanges ir (oncitioned "efleves

' 14, iecreased ilectrical lecistance of Skin

e 15. Chanpes in the Structure of Skin Teccptors of tle (@) i, ¢vtive,

Iy and (b) ilood-Carrying Svsters

¥ 16. Alterdd Elood Tlow late

i o P

* It is also reportecd that lov levels oi irradiation produce a coolirp
affect - "hyperconpensation",

Note: Thece effects are listed without comment or endorseunent =ince the

literature abounds with conflicting reports. In some cases the ltasi« for
reporting an "effect"” was a single or a non-statistical observatior iich
may have been drawn from a poorly conceived (and poorlv executed) experi-

. ment.

z
3
E
3
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17. Alterations ir the Biocurrents (EEG?) of the Cerebral Cortex
(in animals)
18, Changes in the Rate of Clearance of Tagged Ions from Tissue
19, Reversible Structural Changes in the Cerebral Cortex and the
= Diencephalon

20. Electrocardiographic (EKG) Changes

H 21, Alterations in Sensitivity to Light, Sound, and Olfactory

3 5 Stimuli

HE 22. PFunctional (a) and Pathological (b) Changes in the Eyes:

';- (a) decresse in size of blind spot, altered color recogrition,

changes in intraocular prassure, lacrimatfon, trembling cf eye-

3% 1ids; (b) lens opacity and coagulation, altered tissue respira-

3 tion, and altered reduction-oxidation processes

23, Myocardial Necrosis

4 5 24, Hemorrhage in Lungs, Liver, Gut, and Brain At Fatal Levels

g- 25. GCeneralized Degemeration of all Body Tissue of Rsdiation ;

3 : 26. Loss of Anatomical Parts 3
27. Death 3
28. Dehydration 3
29. Altered Rate of Calcification of Certain Tissue %

3 C. Central Nervous System Effects &

1. Headaches ;

2. Insommia E:
3. Restlessness (Awake and During Sleep)
&. Electroencephalographic (EEG) Changes

5. Cranial Nerve Disorders

6. Pyramidal Tract Lesions .
7. Conditioned Reflex Disorders

8. Vagomimetic Action of the Heart; Sympaticomimetic Action

9, Seizures, Convulsions

D. Autonomic Rervous System Effects
1., HNeuro-vegetative Disorders (e.g., alteration of heart rhythm)
2. PFatigue
3. Structural Alterations in the Synapses of the Vagus Nerve
4, Stimulatin of Parasympathetic Nervous System (Bradycardia),
and Inhibition of the Sympathetic Nervous System
E. Peripheral Nervous System Effects

Effects on Locom tor Nerves




.
WP

R e

il T

F.

G.

L.

IV PRI R VP TUUIAM I AR ) Rih AL £ TRATVENARA WS o115 075 vm s e 5 woen s s o o
*

TR AN B

-
i

A

Psychological Disorders ("Human Dehavioral Studies") - the so-cailed
"Psychophysiologic (and Psychosomatic) Responses"

].
2.
3.
4.
5.
6.
7.
80
9.
10,
11,
12.
]3.
14,
15,
16.
17.

Feurasthenia - (general "bad" feeling)
Depression

Impotence

Anxiety

Lack of Concentration
Hypochondria

hizziness
Hallucinations
Sleepiness

Insomnia

Increased Irritabi.ity
hecreased Appetite
Loss of lierory

Scalp Sensations
Tncreased Fatigability
Chest TPain

Tremor of the Hanus

Behavioral Changes (Animal Studies)

Fefl

exive, Operant, rvoidance, and Niscrimination Belhaviors

Llood Disorders

v = in vive)
{v = dn vitre?

Changes in:

1.

3.
l‘.

S.

Lo

7.

(5]

XY

1C.
11.
12,

13.
14,

Blood and Bone ‘larrot’

Phagoeytic (polviiorphs) ané Dactericidal lunctions of ii-: {7 ,v)
Hemolrsis "ate (increase), (a shortened lifespan of (o'!
Sedirentation | ate (increase), (due to i:anfec in gevs rot ie
levels or arount of fitrinorer (7))

‘amber of Lrythrocvtes (cecrease), alse nurher of iyr=~ ¢o tee.
blood Cluccse Concentration (increase)

blood Histamine Content

Chojestero]l and lipids

Garma (also « and £) Glotulin, and Total Protein Concentration
Number of Eosinophils

Albumin/Glotulin Fatio {decrease) .
Pemopoiesis (rate of formation of blood corpuscles)

Leulopenia (increase in numter of whitce cells), and Leulocvrosis
Feticulocytosis

Vascular Disorders

1.

2.

Thronbosis
Hypertension
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6.
10.
3 £
11.
. { 12.
13.
£ Y ;
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3 H
= i: 20
4,
i 2.
¢ 3.
E 4,
E 1.
E 2.
=3 3.
3 4,
3 5.
3 6.
3 7.
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J. Enzyme and Other Biochiemical Changes

Changes in activity of:

Cholinesterase (V,v)
Phosphatase (v)
Transaminase (v)
Anylase (v)
Carboxydismutase

Protein Denaturation

Toxin, Fungus, and Virus Inactivation (at high radiation dose
1avels), Bacteriostatic Effect

‘Tissue Cultures Killed

Alteration in Rate of Cell Division

Increased Concentration of RNA in Lymphocytes, and Decreased
Concentration in Brain,. Liver, and Spleen

Changes in Pyruvic Acid, Lactic Acid, and Creatinine Ixcre.ions
Change in Concentration of Glycogen in Liver (Hyperglyceria)
Alteration in Concentration of 17- Ketosteroids in Urine

K. ‘lletabolic Disorders

Glycosuria (sugar in urine; related with blood sugar?)
Increase in Urinary Phenol (derivatives? DOPA?)
Alteration of Nate of !.etabolic Lnzymatic Processes
Al*ered Carbohydrate !etabolism

L. Gastro-Intestinal Disorders

Anorexia (loss of appetite)

Cpigastric Pain

Constipation

Altered Secretion of Stomach "Digestive Juices"

M. Endocrine Gland Changes

Altered Pitu:itary Tunction

Hyperthyroidism

Thyroid Enlargement

Increased Uptake of Radiocactive Iodine by Thyroid Gland
Altered Adrenal (ortex Activity

Decreased Corticosteroids im Blood

Decreased Glucocorticoidal Activity

liypogonadism (usually decreased testosterone production)

Ne Histological Changes

Changes in Tubular Tpithelium of Testicles
Cross Changes

10
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Genetic and Chromoscital Changes

1. Chromosome Aberrations (e.g., linear shortening, pseudochiasm,
diploid structures, amitotic divicion, bridging, "sticky"
chromosomes, irregularities in chromosomal env>lope)

2. DMutations

3. Mongolism

4, Somatic Alterations (changes in cell not involving nucleus or
chromosomes, cellular transformation)

5. Neoplastic Diseases (e.g., tumors)

Pear]l Chain Effect (Intracellular orientation of subcellular particles,
and orientation of cellular and other (non-biologic) particles)

Also, orientation of animals, birds, and fish in electromagnetic
fields

Q. Miscellaneous Effects

1. Sparking between dental fillings
Peculiar metallic taste in mouth
3. Changes in Optical Activity of Colloidal Solutions

4. Treatment for Syphilis, Poliomyelitis, Skin Diseases
5. Loss of Hair

6. Brittleness of Hair

Sensations of Buzzing Vibrations, Pulsations, and Tickliny Atout
the Head and Ears
8. Copious Perspiration, Salivation, and Protrusion of Tongue

9. Changes in the Operation of Implanted Cardiac Pacemakers
Changes in Circadian Rhythms
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CHAPTLY 2 !
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“Change: in blood flow, oxygen, uptake, and tissue temperatures produced by thenpeutlc phyvsical agents, I1. Effect of shortwave
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6.  ADDINGTON, C. M., FISCHER, F. P., NEUBAUER, R. A., OSBORN, C., SARKEES, Y. T., & SWARTZ, G. (1958) Proc. 2nd Tri~service ., o~
Conf. on Biological Effects of Microwave Energy (Pattishall, E. G., & Banghart, F. W., eds.) 2:189-201, "Reviev of the wor' <t
at University of Buffalo - Studies of the biological effects of 200 megacycles: I. Electrical facilities and instrumentation; :

11. Ophthalmological studies" . . s

ik b

1.  ADDINGTON, C. H., NEUBAUER, R. A., OSBORN, C., SWARTZ, G., FISCHER, F. P., & SARKEES, Y. T, (.959) Proc. 3rd Tri-hrvice M
Conf. on Biological Effects of Microwave Radiating Equipments (Susskind, C., ed.) 3:1-9, “Biological effects of microwave . :
energy at 200 megacycles upon the eyes of selected mammals® {as, 822) y . 3

8. ADDINGTON, C. H., OSBORN, C., SWARTZ, G., FISCHER, F. P., & SARKEES, i‘l. T. (1959) Proc. 3rd Tri-service Conf. on Bio- i
logical Effects of Microwave Radiating Equipments (Susskind, C., ed.) 3:10-14, "Thermal effects of 200 megacycles (cw) irradia- N
tion as related to shape, location, and orientation fn the field" : U
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9.  ADDINGTON, C. H., OSBORN, C,, SWAXTZ, G., FISCHER, F. P., KEUBAUE& R. A.. & SARKEES, Y. T. (1961) Proc. &4th Tri=service R
Conf, on the Molop.al Effects of !tctwave mu:lon. Vol. 1 (Peyton, M. F., ed.) pp. 177—186. “Biological effects of micro- R
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