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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 non-ionizing radiation at these frequencies. 
The citations are arranged alphabetically by author, and contain as 
much information as possible so as to assure effective retrieval of 
the original documents. An outline of the effects which have been 
attributed 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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The comments upon and criticisms of the literature made in this report, 
and the recommendations and inferences suggested, are those of the 
author, and do not necessarily reflect the views of the Navy Department 
or of the Naval Service. 
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Foreword 

It is 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 concem to man. Such guidance is 
needed in the formulation 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 biological and clinical effects" (Chapter 1). 
This proved to be a much more difficult and time-consuming task than 
anticipated, and was actually completed 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: author, 
(date), journal, volume, (issue): page, "title". The authors are alpha-
betized, and in chronological order. Multiple authors are also alphabeti-
cally ordered according to the second, third, etc., author. 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 
whenever 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 topico 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-distribution government reports are 
available upon request. 
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The author welcomes information which will correct errors and omis-
sions (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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The Outline of Reported Biological Phenomena ('Effects') and Clinical Manifestations Attributed to Microwave and Radio-Frequency Radiation, is patterned after that given by R. Murray, et al., in an article entitled, "How safe are microwaves", which appearedin Non-Ionizing Radiation 1(1):7-8 (1969). Some of the "effects" were listed in the report by s.-F. 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 Planning in Environmental Health, Subtask Force on Physical Factors in the Environment). The discussion and suggestions offered by Byron McLees, Edward Finch, Lewis Gershman, and Christopher Dodge relat-ing to the Outline are also g~atefully acknowledged. 
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CHAPTER 1 

Reported Biolor;ical Phenomena ( 'Effects ') and Some 
r.linicaJ Manifestations Attributed to Microwave 

and Radio-Frequency Padiation (See Note) 

A. Heating of Organs~•: (Applications: Diathermy, r.lectrosurrery, rlectro-
coagu]ation, rlectrodesiccation, rlectrotomy) 

l. Whole Body (temperature rer,ulation defects), Hyperpyrexia 
2. Skin 
3. Bone and Bone Harrm-: 
4. (a) Lens of Eye (cataractous lesions - due to the avascular 

nature of the lens which prevents adequate heat dissipation.) 
(b) Corneal damar,e also possille at extremely hirh fre<:uencic'-'. 

5. Genitalia (tubu] ar degeneration of testicJ es) 
6. Brain 
7. Sinuses 
8. :tetal Imp] c;J.nts (burns near hip pins, €:'tc.) 
The eff~cts are ['Enera11y reversible except for 4a. 

B. Chanfes in Physiologic Function 

]. 

2. 

'"I J. 
4. 
s. 
6. 
7. 
8. 
9. 

] 0. 
J ] • 
12. 
] 3. 
J 4. 
15. 

16. 

Striated }~scle Contraction 
Alteration of Diameter of Blood Vesse]s (increased vascular 
elasticity), Dilation 
Changes in the Oxidative Processes in Tissues and Organs 
Liver Enlargement 
Altered Sensitivity to Drug Stimuli 
Decreased Spernatogenesis (decreased fertility, to sterility) 
Altered Sex Patio of Births (more girls!) 
Altered l~nstrua1 Activity 
AltPred Fetal Development 
Decreased Lactation in Nursing Mothers 
r-:.eduction in Diuresis (I:a+ excretior., via urine output) 
P.lterec1 T'enal Function (decreased filtratior by tulules) 
Chanfes in Conditioned Reflexes 
Decreased Llectrical T'.esistance of Skin 
Changes i.n tlw Structure of Skin I'.eceptors of tl·:e (a) Ur·e:-:;t ive, 

and (b) GJooc-Carryinr Systems 
Altered Bloo<l flow rate 

* It is also reported that lm,, levels of irradfation produce a coolinp 
effect - "hypercompensation". 

Note: These effects are listed without comment or endorser:1ent t~ince the 
literature abounds ·with conflicting reports. Tn some cai;es the basis for 
reporting an "effect" was a single or a non-statistical observation Fhich 
may have been drawn from a poorly conceived (and poorly executecl)experi-
ment. 
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17. 

18. 
19. 

20. 
21. 

22. 

23. 
24. 
2s. 
26. 
27. 
28. 
29. 

Alterations in the Biocurrents (EEG?) of the Cerebral Cortex 
(in animals) 
Changes in the Rate of Clearance of Tagged Ions from Tissue 
Reversible Structural Changes in the Cerebral Cortex and the 
Diencephalon 
Electrocardiographic (EKG) Changes 
Alterations in Sensitivity to Light, Sound, and Olfactory 
Stimuli 
Functional (a) and Pathological (b) Changes in the Eyes: 
(a) decrease in size of blind spot, altered color recognition, 
changes in intraocular pressure, lacrimation, trembling of eye-
lids; (b) lens opacity and coagulation, altered tissue respira-
tion, and altered reduction-oxidation processes 
Myocardial Necrosis 
Hemorrhage in Lungs, Liver, Gut, and Brain J At Fatal Levels 
Generalized Degeneration of all Body Tissue of Radiation 
Loss of Anatomical Parts 
Death 
Dehydration 
Altered Rate of Calcification of Certain Tissue 

c. Central Nervous System Effects 

1. Headaches 
2. Insomnia 
3. Restlessness (Awake and During Sleep) 
4. 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 Nervous System Effects 

1. Neuro-vegetative Disorders (e.g., alteration of heart rhythm) 
2. Fatigue 
3. Structural Alterations in the Synapses of the Vagus Nerve 
4. Stimulation of Parasympathetic Nervous System (Bradycardia), 

and Inhibition of the Sympathetic Nervous System 

E. Peripheral Nervous System Effects 

Effects on Locomotor Nerves 
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F. Psychological Disorders ("Human Behavioral Studies") - the so-called 
"Psychophysiologic (and Psychosomatic) Responses" 

1. Neurasthenia - (general "bad" feeling) 
2. Depression 
3. Impotence 
4. Anxiety 
5. Lack of Concentration 
6. Hypochondria 
7. Dizziness 
8. Hallucinations 
9. Sleepiness 

10. Ins omni a 
11. Increased Irritability 
12. Decreased Appetite 
13. Loss of Iiemory 
14. Scalp Sensations 
15. Increased Fatipability 
16. Chest Pain 
17. Tremor of the Hands 

G. Behavioral Changes (Animal Studies) 

P.eflexive, Operant, t,voidance, and Discrimination Beh.,:iviors 

H. Blood Disorders 

Changes in: 
1. Blood anJ 13pne ·rarrov 

(V = 
(v = 

in vivo) -.- --.- ,\ 
ln Vltn,,, 

2. Phagocytic (polymorphs) and 13actericida] '."unctionR of LLic(: ('.',v) 
3. Hemolysis :.att> (increase), (a shortenec lifespan of ('el 1 ) 
4. Sedimentation Late (increase), (due to c·hanr.eEC in ser,:. rct- 1 n 

levels or drnount of fibrinoger. (?)) 
5. ::umber of Erythrocytes (<lecrease), also nunher of Lyr,-,:cc':·tef, 
6. Blood GJucose Concentration (increase) 
7. 

9. 
10. 
11. 
12. 

Blood Histamine Content 
Chol e.s terol and Lipi <ls 
Gamma (also o: af)d S) (;lobulin, and Total Protein Concentration 
Number of Eosinophils 
Albumin/Globulin ratio (decrease) 
Hemopoiesis (rate of formation of blood corpuscles) 

13. Leul:openia (increase in number of whHe ceJ ls), and Leul:ocvtosis 
14. P.eticulocytosis 

I. Vascular Disorders 

1. Thrombosis 
2. Hypertension 
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J. Enzyme and Other Biochemical Changes 

Changes in activity of: 
1. Cholinesterase (V,v) 
2. Phosphatase (v) 
3. Transaminase (v) 
4. Amylase (v) 
5. Carboxydismutase 

6. Protein Denaturation 
7. Toxin, Fungus, and Virus Inactivation (at high radiation dose 

levels), Bacteriostatic Effect 
8. Tissue Cultures Killed 
9. Alteration in Rate of Cell Division 

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

11. Changes in Pyruvic Acid, Lactic Acid, and Creatinine Excretions 
12. Change in Concentration of Glycogen in Liver (Hyperglycemia) 
13. Alteration in Concentration of 17- Ketosteroids in Urine 

K. !letabolic Disorders 

1. Glycosuria (sugar in urine; related with blood sugar?) 
2. Increase in Urinary Phenol (derivatives? DOPA?) 
3. Alteration of Rate of Hetabolic Enzymatic Processes 
4. Altered Carbohydrate Hetabolism 

L. Gastro-Intestinal Disorders 

1. Anorexia (loss of appetite) 
2. Epigastric Pain 
3. Constipation 
4. Altered Secretion of Stomach "Digestive Juices" 

H. Endocrine Gland Changes 

1. Altered Pituitary Function 
2. Hyperthyroidism 
3. Thyroid Enlargement 
4. Increased Uptake of Radioactive Iodine by Thyroid Gland 
5. Altered Adrenal Cortex Activity 
6. Decreased Corticosteroids in Blood 
7. Decreased Glucocorticoidal Activity 
8. Hypogonadism (usually decreased testosterone production) 

N. Histological Changes 

1. Changes in Tubular Epithelium of Testicles 
2. Gross Changes 
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O. Genetic and Chromosomal Changes 

1. Chromosome Aberrations (e.g., linear shortening, pseudochiasm, 
diploid structures, amitotic division, bridging, "sticky" 
chromosomes, irregularities in chromosomal envelope) 

2. Mutations 
3. Mongolism 
4. Somatic Alterations (changes in cell not involving nucleus or 

chromosomes, cellular transformation) 
5. Neoplastic Diseases (e.g., tumors) 

P. Pearl Chain Effect (Intracellular orientation of subcellular particles, 
and orientation of cellular and other (non-biologic) particles) 

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

Q. Miscellaneous Effects 

1. Sparking between dental fillings 
2. 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 
7. Sensations of Buzzing Vibrations, Pulsations, and Ticklin?, About 

the Head and Ears 
8. Copious Perspiration, Salivation, and Protrusion of Tonpue 
9. Changes in the Operation of Implanted Cardiac Pacemakers 

10. Changes in Circadian Rhythms 
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CHAPTER 2 

BIBLIOGRAPHY OF REPORTED BIOLOGICAL PHENOMENA ('EFFECTS') AND CLINICAL 
MANIFESTATIONS ATTRIBUTED TO MICROWAVE AND RADIO-FREQUENCY RADIATION 
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pp. 28-29, "The Action of a Pulsed Electric UHF Field on the Organism" (NV) 

6, ADDINGTON, C, H,, FISCHER, F, P,, NEUBAUER, R, A,, OSBORN, C., SARKEES, Y. T., & SWARTZ, G, (1958) Proc. 2nd Tri-service 
Conf, on Biological Effects of Microwave Energy (Pattishall, E. G,, & Banghart, F. w., eds.) 2:189-201, "Review of the work 
at University of Buffalo - Studies of the biological effects of 200 megacycles: I. Electrical-facilities and instrumentation; 
II. Ophthalmological studies" 

7. ADDINGTON, C, H,, NEUBAUER, R, A,, OSBORN, C,, SWARTZ, G,, FISCHER, F, P,, & SARKEES, Y, T, (1959) Proc. 3rd Tri-service 
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" [A4, B22] -

8, ADDINGTON, C, H,, OSBORN, C., SWARTZ, G,, FISCHER, F, P., & SARKEES, Y, T. (1959) Proc. 3rd Tri-service Conf. on Bio-
logical Effects of Microwave Radiating Equipments (Susskind, C,, ed.) 1:10-14, "Thermal effects of 200 megacycles (cw) irradia-
tion as related to shape, location, and orientation in the field" 

9, ADDINGTON, C. H,, OSBORN, C,, SWARTZ, G., FISCHER, F, P., NEUBAUER, R, A,, & SARKEES, Y. T, (1961) Proc. 4th Tri-service 
Conf, on the Biological Effects of Microwave Radiation, Vol. 1 (Peyton, M. F,, ed,) pp. 177-186, "Biological effects of micro-
wave energy at 200 me" 

10, ADLER, E,, & MAGORA, A, (1955) Amer. J. of Physical Med, 34:521-, "Experiments on the relation between shortwave irradi-
ation and the pituitary cortical adrenal system" (Ml] 

11. AFANAS'YEV, B. G,, (1968) Voyenno-Meditsinskiy Zh. (1):73-74, "The functional condition of the adrenal cortex in ship 
specialists who are subjected to the action of a super-high frequency EM field" (MS] 

12, AKOYUNOGLOU, G, (1964) Nature (London) 202(4931) :452-, "Effect of a magnetic field on carboxydismutase" [J] 

13. ALBRECHT, W. (1935) Arch. of Physical Therapy 16:634 only, (Abstr. from: Zeitschrift fur Gesamte Experimentale Med. 2,l:816-, 
(Jun 1934)), "Development and form of shortwave thermal zones in an agar body" [A] 

14, ALEKSEYENKO, N. YU. (1956) In: Materialy po evolyutsionnoy fiziologii. Simpozium (Materials on evolutionary physiology. 
Symposium), Moscow, Leningrad, .!_:7-, [Title not given] [A UHF field evoked changes in muscle function of frogs] 

15. ALEYEV, A, M., YELANTSEVA, V, R., & DZHUMAGALIYEV, M, (1961) Zdravookhraneniye Kazakhstana (Public Health of Kazakhstan) 
_(4): 75-78, (JPRS 9713), "Effect of a VHF-HF field on the course of experimental echinococcus" [B, J] 

16, ALLAM, D, S. (1969) J. Microwave Power !!_(2):108-114, "Conference Report: Radio and microwave radiations, applications, 
and potential hazards" 

17, ALM. H, (1958) (In German) Berliner Medizinische Verlagsanstalt G.m.b,H, Berlin, 174 pages, Introduction to Microwave 
Therapy 

18, ALTABASHEVA, V. P,, & IL'YASHEVICH, M. I. (1934) Biulleten Gosudarstvennogo Tsentral'nogo Instituta Sechenova (Bull. of 
the State Central Institute of Sechenova) (4-5), "The effects of the action of short waves on the morphology and the physical 
and chemical behavior of the blood of the rabbit" 

19. ALTMAN, C. (1969) Zoologischei Anzeiger, Germany, 32(Suppl):416-430, (In German) "The physiological effect of electric 
fields on animals" 

20. AMER, N, (1956) Proc. Institute of Radio Engineers 44:2A-, "An observation on the detection by the ear of microwave 
signals" [Q7] 

21. ANDRIYASHEVA, N. M. (1937) In: The Biological Action of VHF-HF-Ultrashort Waves (Kupalov, P. S,, & Frenkel, G. L., eds.), 
All Union Institute of Experimental Medicine, Moscow, pp, 373-379, "Occupational hazard of VHF-HF and the preventive measures" 

22. ANIKIN, M, M., & RUMYANTSOVA-RUSSKIKH, M, V, (1961) J, of Neuropathology and Psychiatry imeni S,S, Korsakov 61(8):1122-
1128, "High frequency currents in the treatment of poliomyelitis in adults" [Q4] 

23. ANNE, A,, SAITO, M,, SALATI, O, M., & SCHWAN, H.P. (1961) Proc. 4th Tri-service Conf, on the Biological Effects of 
Microwave Radiation, Vol. 1 (Peyton, M, F., ed.) pp. 153-176, "Relative microwave absorption cross sections of biological 
significance" 

24, ANNE, A,, SAITO, H., SALATI, O, M,, & SCHWAN, H, P, (1962) 1 Univ. of Penna, Rpt. No, 62-13, 125 pages, RADC-TIJR-62-244, 
(AD 284981), "Penetration and thermal dissipation of microwaves in tissues" [A] 

25, ANNE, A., SALATI, O, M,, & SCHWAN, H, P. (1961) Digest of the 4th Internat, Conf, on Medical Electronics, Biological 
Effects of Microwaves 1 (Athermal Aspects), (Frommer, P. L., ed.) Plenum Press, New York, p. 153-, "Relative microwave absorption 
cross section of mankind" 
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26. ANNE, A., & SCHWAN, H.P. (1963) (From: Ph.D. Dissertation of A. Anne, Univ. of Penna., "Scattering and absorption of 
microwaves by dissipative dielectric objects: The biological significance and hazards to mankind" 

27. ANTONOV, G. s. (1964) Voprosy Kurortologii, Fizioterapii, i Lechebnoy Fizicheskoy Kul'tury (Problems in Health Resort 
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H2, HlO, Hl3, Hl4, J6, Q4] , 
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workers exposed to high voltage (400 to 500 KV) electric fields" (NV) 
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32. ASTANIN, P. P. (1937) In: The Biological Action of ~-HF-Ultrashort~• (Kupalov, P. S., & Frenkel, G. L., eds.), All 
Union Institute of Experimental Medicine, Moscow, [Title not given] (NV) 
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of the CNS in patients with resected stomachs during various physiotherapeutical procedures" [B, C] (NV) 
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Aspects), (Frommer, P. L., ed.) "Changes in macromolecules produced by alternating electrical fields" [J4, J6] 

40. BACH, s. A., BALDWIN, M., & LEWIS, s. A. (1959) Proc. 3rd Tri-service Conf. on Biological Effects of Microwave Radiating 
Equipments (Susskind, c., ed.) 1_:82-93, "Some effects of ultrahigh frequency energy on primate cerebral activity" [C] 

41. BACH, S. A., BROWNELL, A. S., LUZZlO, A. J,, & SPOERL, E. S. (1960) U.S. Army Medical Res. Lab., Ft. Knox, Ky., Progress 
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